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Intersil High Performance Analog

What's Black, White,
and Cool All Over?

Maintaining IC temperatures doesn’t have to
be a riddle. Intersil's new high current
Integrated FET Regulators have the industry's
only true Thermal Protection with auto shut

down at 135°C. Vo [N |

Intersil's EL7554 and EL7566 DC-DC buck regulators with internal » )

CMOS power FETs operate from 3V-to-6V input voltage and are —

capable of up to 96% efficiency. But what's really cool about these % > & (

devices is ground breaking features like built-in Thermal Protection : g . ;

and Voltage Margining for actual in-circuit performance validation. i T W Y 4( “
L. e

- L o : e

HTSSOP THERMAL RESISTANCE vs

PCB AREA (NO AIR FLOW) K .
ey Features:
50 . slomml- The first line of defense y
[ against heatis a ~— 4A (EL7554) and 6A (EL7566)
45 thermally-efficient HTSOP-28 ;
package, which utizes an continuous output current
2 4 ] £ exposed thermal pad ~— Up to 96% efficiency
3] £ underneath the IC to spread o .
% % = heat through the PCB. ~ Built-in 5% voltage margining
S . i X
@ OO0 ~— 3V-to-6V input voltage
b \ — The Vry pins a — 0.58in2 (EL7554) and 0.721in?
- formula-based, accurate (EL7566) footprint with
1 2 3 4 5 6 7 8 9 indicator of the internal components on one side
PCB Area (in?) silicon junction temperature. of PCB
~— Adjustable switching frequency
If all else fails and the to 1MHz
temperature sensor indicates
™ a junction temperature above
SEL = = 135°C, the PWM Regulator
] e = COTHT Joggem 0 will shut down.
V- " . .
2onf £ | | T Osclator - For more information and samples,
3 0 to www.intersil.com
EN i g . . @
| | 20Q = =0.2pF
STP O N i i
ey N Vin Y Easy-to-use simulation tool also
STN 04— 9 / Power J € ; ; it
FET = 100uF available. Modify switching frequency,
PWM ) F— 2.7uHT Vout R R
Controller_mlIRUCH] % et voltage ripple, ambient temperature
Pé)év_lgr ’L 1504F] and view schematics waveforms,
PGND e
S i@ efﬂmency graphs and complete BOM
Cop Voo with Gerber layout.
Ro < By 3 Pe, www.intersil.com/iSim
Co = = T
SGND T+ Ry ‘Vo
R

— ®
Intersil — Switching Regulators for precise power delivery. MSI l ®

©2005 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation HIGH PERFORMANCE ANALOG
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design).
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HOW MANY PHASES

DO YOU NEED?

IR’'s XPhase™ Chipset Scales for Server and VRM applications

<_1POWERGOOD
Vne—>¢
b 7~ Cn
- _I <"1 Vyr SENSE+
ENABLE C——=—
_A i <Vt
PWM Control | Cour
IR Phase Timing IR T <
Control IC Bias Voltage Phase IC _L our”
Current Sense = <1V, SENSE-
V\p Voltage
Vip (0-N) =—
IR
Phase IC
R A A AANA RAAA
AAVEVAVEVS N AVAYS
Control ADDITIONAL PHASES Input/Output
International Rectifier's XPhase Control
and Phase IC chipset delivers a power
Part # Function Package(MLPQ) Applications . p i p .
Control IC with VRD 10 for Industrial PC solution that scales with all your high
[x) : 2 32-Lead .x for Industrial PCs .
g IR3080 |ntegr:'rt]%dv\é[5|[_llal_ll_D LDO and Workstations current de3|gns.
[
=
= EVRD 10.x and
S | IR3os1A VR 10X Control IC 28-Lead VRM 10 for Servers « Scalable from 1to X phases
AMD Opteron™ P .
IR3082 Control IC 20-Lead AMD Opteron based servers * Programmable switching frequency:
! Phase IC with integrated Industrial PCs, 150 kHz-1MHz
o | IR3086A phase fault detect 20-Lead Workstations .
w and VR-HOT and Servers e 2.5A average gate drive current
<
T Phase IC with Suitable for applications e 90% efficiency when used with
% | |R3087 integrated VR-HOT and 20-Lead which require ability . o ; v
Optiphase™ technology to turn off phases DirectFET™ MOSFETSs for 150A
Phase IC with Suitable for applications with CPU design
IR3088A integrated VR-HOT 20-Lead excessive impedance between
and phase fault detect converter and load

International

IR's proprietary DirectFET technology is covered by US Patent 6,624,522 and other US and foreign pending patent applications.
DirectFET and XPhase are trademarks of International Rectifier. Opteron is a trademark of Advanced Micro Devices, Inc.

Rectifier

e o THE POWER MANAGEMENT LEADER

for more information call 1.800.981.8699 or visit us at




With Atmel’s AVR microcontrollers,
your designs will always give you
more than you expected.

If you're looking for ways to get better

days), start designing with Atmel’s AVR®

its exceptional combination of performance, flexibility and
power management.

AVR is the most efficient and powerful 8-bit MCU on the
planet. It has an enhanced RISC core running single-cycle
instructions and a well-defined I/0 structure that limits the
need for external components. So it’s not only easier to use,
it delivers blazing execution of up to 20 MIPS.

And when you consider AVR’s outstanding Flash and
EEPROM capability, plus its huge range of packaging,

designs to market faster (and who isn’t these

family of MCUs. No other 8-bit micro can give you

peripherals, memory sizes, power management modes and
development tools, there’s almost no limit to what you can
design. From complex battery operated applications to
industrial controls, and a whole lot more in between.

That’s why AVR has become the most popular
microcontroller of its kind, with over a billion installed
around the world.

So if you're looking for ways to get more out of your
designs, make sure you use the microcontroller that
delivers more.

Check it out today at www.atmel.com/ad/avr and register to
win a free development Kit. It just could be the start of a very
fruitful relationship.

Find out more about Atmel’s AVR solutions today at www.atmel.com/ad/avr

Performance Up to 20 MIPS

Power consumption 100nA (power down)

Memory size 1 to 256 Kbytes Flash

Packaging 8 to0 100 pins

®

Peripherals

UART, SPI, 2-wire interface, timers, PWM, 10-bit AD, CAN, LCD

All devices code compatible for seamless upgrade

Everywhere You Are™

© Atmel Corporation 2005. Al rights reserved. AVR, Atmel, logo and combinations thereof, are registered trademarks, and Everywhere You Are is a trademark of Atmel Corporation or its subsidiaries. Other terms and product names may be trademarks of others.




It’'s science sHotionm:

Today, it’s a dream. Tomorrow, it’'s a smarter car. A mobile phone with
widescreen HDTV. An intelligent network where machines think for
themselves. At Freescale, our IP portfolio encompasses over 4,900
patent families. And we invest over a billion dollars a year in R&D. So
your dreams of a smarter, more connected world can become a reality.
freescale.com

:

Z“ freescale

semiconductor

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. 2005.




Data Acquisition on Any Bus

XYress © Compa
/ DAQC 3 ;
CompactFlash Firevvirge/" ‘ 1 ompactPCl

[
NATIONAL
TSR

Device support for popular operating systems:

Windows ¢ Linux ¢ Mac0S X ¢ PocketPC ¢ Windows CE + Real-Time

Choose your data acquisition hardware by bus and OS at ni.com/dataacquisition. (800) 449 6347

L

NI Measurement
Ready Difference

World Proven by 6 Million Measurement Channels

95 percent of Fortune 500 manufacturing companies using NI tools

. . Accurac
25,000 companies trusting NI measurements Y

. . Improve accuracy with 18-bit analog
New DAQ devices for Hi-Speed USB 2.0 and PCI Express input resolution and unique, innovative
Wide range of hardware, from low-cost to high-performance self-calibration technology.

to portable Software Productivity

Compatible with hundreds of sensors and signal types Build, test, and deploy measurement
applications with measurement services
software, and industry-standard

Tools for many programming environments — NI-DAQmx driver software.

National Instruments LabVIEW, ANSI C, C++, C#, Visual Basic .NET Support

Free ready-to-run data-logging software included with most devices

Take advantage of award-winning Web,

For the widest variety of measurement ready hardware and software, ; )
e-mail, and phone technical support.

choose National Instruments.

© 2005 National Instruments Corporation. All rights reserved. LabVIEW, Measurement Ready, NI-DAQ, 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. 2005-5872-301-101 ’ INSTRUMENTS‘M



Hands-on project:
Embedded-design
short cuts

Low-cost development
kits provide design
teams with ready-made
tools to battle growing software
complexity and shrinking project
schedules.
by Warren Webb, Technical Editor

Energy harvesters
extract power from
light, vibrations

Harvesting ambient
energy from light or
vibrational sources can
free power-miserly designs from
traditional power lines and
batteries. by Margery Conner,
Technical Editor

Flexible silicon: GUI-programmable audio
processors—an EDN BenchPress project
Atrend in signal-processing ICs offers simple and

direct parametric control and functional program-
mability. Taking full advantage of flexible chips, how-

¢ ever, may demand flexibility in your design methods, as well.

by Joshua Israelsohn,
Technical Editor

IDEAS

C oscillator has stable amplitude

‘contents
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Board decoupling
using a standard
methodology

To deal with the side

effects of increased

clock speeds and
frequencies, engineers must
bypass di/dt transitions and reduce
noise. by Barry Caldwell, Vitesse

Move to 12V bus
eliminates need
forisolated dc/dc
converters

The part and cost

reductions of the lower

voltage, 12V bus
outweigh the benefits of the higher
voltage, 48V bus.

by HR Modi, Power-One

A systematic approach
to verifying FSMs

Careful attention to
managing the design-
style choices and
complexity attributes for finite-
state machines can impact the
quality and verifiability of the final
implementation.
by Shaker Sarwary, Atrenta, and
Michael A Beaver, Insilica

Use a system’s real-time clock to “hide” a code sequence
Shunt regulator eases power-supply-start-up woes

Send your Design Ideas to EDNdesignideas@reedbusiness.com.
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_— 1 THE GREAT CHIP SERIES #15 — DATANG COMIP™ PROCESSOR |

“We wanted one chip that will enable
many new products and ideas.”

Dr. Wei Shaojun / President & CEO, Datang Telecom Technology Co., Ltd.

. — " DesignWare® bus and peripheral IP for AMBA™ interconnect,
30 clock domains, 16 million transistors ARM946E™ core and ETM™ macrocells,

7.9 x 7.9mm?2 5 mixed-signal blocks and a DSP core

TSMC" 0.18um CMOS RF/mixed-signal
RN process 324 balls; LFBGA package

©2004 Synopsys, Inc. All rights reserved. Synopsys, the Synopsys logo and DesignWare are registered trademarks of
Synopsys, Inc. DTT, COMIP and the DTT and COMIP logos are trademarks of Datang Telecom Technology Co., Ltd.
ARM is a registered trademark and AMBA, ARM946E and ETM are trademarks of ARM, Ltd. TSMC is a registered
trademark of Taiwan Semiconductor Manufacturing Company, Ltd.

By using DesignWare IP,
Synopsys Professional Services
and their integrated and
consistent design/verification

flow, we met our aggressive ®
eight-month schedule and S‘ n UPS‘ S
lowered the cost by 30% with

first time silicon success on this

deep sub-micron design. www.synopsys.com/greatchips
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We don't need no stinkin’ RF-free room Reference design adds support for mobile WiMax
Ferrite-bead chip inductors stifle RF flow Q&A: Kris Pister, inventor of Smart Dust, dishes the
EDGE chip set offers multimedia features, dirt on RFID, smart sensors, research, the state of
slashes BOM engineering education, and more.

Broadband over coax plays both home- and Global Designer: Digital TV comes with “India
access-networking roles inside”; Video-processing chip gets Mll approval;
Wireless-USB chip adds VOIP and more

Midpriced, 100-MHz MSOs provide 16 digital and
two or four analog channels

DEPARTMENTS PRODUCT
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EDN.comment: Does anybody really know Optoelectronics/Displays: Surface-mount devices,
what time it is? backlights, TFT LCDs, and more

Baker’s Best: Ease into the flexible CAN bus Microprocessors: Processor PMC with high-speed
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op amp disk formats, and more
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Like ordering a double,
extra-hot, sugar-free,
vanilla, no foam, soy latte.

Flash memory  Only with microcontrollers.

E 128K M 1.4L-55v v [ v 210M+Iz v’ éw\“lz V4

RAM Single-voltage POC/1.59V Voltage Self-programming RAM Window WDT CPU clock LvI/16 Ring oscillator POC/1.!
flash flash selectable




Check out these online-exclusive articles:

Even more mind-boggling math:

Working with signed BCD

Clive “Max" Maxfield continues his series

on the mysteries of binary-coded-decimal

representations.
www.edn.com/article/CA6263546

Automotive FPGA family
gets high-end models
Xilinx has added five
Spartan 3E devices and a
Virtex 4 device, which includes a hardwired
PowerPC core, to its XA automotive FPGA
lineup.
www.edn.com/article/CA6262488

DLNA launches certification program
for home-media interoperability

The DLNA (Digital Living Network
Alliance) has unveiled a certification and

logo program for its guidelines, which seek

to promote the sharing of media among

PCs and consumer-electronics devices

over wired and wireless links.
www.edn.com/article/CA6261974

INNOVATION AWARDS:
CALL FOR NOMINATIONS
We're now accepting nomi-
nations for the 16th annual
EDN Innovation Awards.
Learn how to nominate
your company's products
and engineers using our
easy online process.
Nominations close
November 23, after which
EDN's readers will pick the
winners. We'll hand out the
awards in early April 2006.
= www.edn.com/
innovation

Articles and extras from the EDN archives
that relate to this issue’s contents.

Energy harvesters extract power from light,

online contents

HD Radio processor adds multicast

decoding

Philips has upgraded its SAF3550 HD

Radio chip processor to decode as many

as eight streams multicast on one FM

frequency.
www.edn.com/article/CA6261825

Moore still explosive, 40 years after
setting down the Law
During an event celebrating the 40th
anniversary of Moore's Law, the Intel co-
founder revealed that his illustrious career
in electronics began—as it did for many
engineers—with a chemistry set.
www.edn.com/article/CA6262358

= Satellite tuner targets
)~ PayTV market
Zarlink Semiconductor’s
ZL.10037 suits standard-
and high-definition satellite receivers in

PayTV systems.
www.edn.com/article/CA6261840

www.edn.com

ON THE VERGE

Proponents of power-line
networking tend to sound
more like Southern
Baptist preachers than
technologists. A video-
enabled iPod makes no
sense unless Apple also has a video
version of its iTunes store up its sleeve.
And the two competing high-definition
DVD formats might actually coexist for
years to come.

These excerpts are just a sampling of
the opinions available at On the Verge,
a blog devoted to digital consumer-
electronics gadgets and the converged
networks that feed them. Join Editor at
Large Maury Wright and post your com-
ments.

www.edn.com/ontheverge

PROGRAMMABLE AUDIO PART TWO
Flexible silicon: GUI-programmable audio pro-

cessors—an EDN Benchpress project (pg 63):

vibrations (pg 45):

Run for your life: Ultralow-power systems

designed for the long haul
www.edn.com/article/CA601827

Thinking inside the box: Buildings get a brain
www.edn.com/article/CA624945

Part One of this two-part

EDN BenchPress project
www.edn.com/article/
CAB6258590

What is a BenchPress?
www.edn.com/article/CA6258595

Pour your own programmable analog
www.edn.com/article/CA302236

Sound bytes: audio converters
www.edn.com/article/CA426064

Anatomy of a voltage-feedback op amp

(pg 40):

Demystifying single-supply op-amp design
www.edn.com/article/CA200380
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16-BIT, DATA-ACQUISITION SYSTEMS WITH 12-BIT DACs SUPPORT YOUR G
Tiny emmxenm  TQFN Package
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VOLTAGE MONITOR S i | |
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[l Dy, PWM * (18v)
D AL 1:3 CURRENT v
REAL-TIME DET“X romn | Auaw
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CLK é 2%\/ 0P AMPS ,WR!;I AGR;;_ >< M 16-BITADC |e—REF oo,
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|:|_|_ REF _ POLARITY
A, 16-BIT JOINS WITH . o] b 1o |
PGA ADC SoM2 SPDT2 SCM2 —] BANDGAP BUE REF
= LOW-COST N~ 0 REFERENCE
=3 B - i_‘ OUTB=— \\pur x1, %1638, OR X2
: I;O CROCONTROLLERS ouTt — 1 g == *
D|N L _ |/O X1 X2 X4 x8 AIN2 ngg ?»[)UTA
MUX D — I§8 VDD_,./ AGND o |_ _ oL
ouT = —1/0 A—I./ outt FBA
: I§8 _r./ INt+ S 10-BIT ’
GPIO CHARGE PUMP DAC ?»oum
IN1-— _ So—1—swB
TOFN (36mm?) Mo rDVDD [ FeB
DVpp = L > LINEAR
DGND I VOLTAGE REG
REGULATOR
[ \/
Int tion Simplifies Y Desian! o i MAKIM | oo i o
n egra Ion Imp I Ies our es‘g“ "] D;{ﬁ:: INTERFACE MAX7358 orout MONITOR DOUBLER POUT
PRECISION ANALOG MICROCONTROLLER SUPPORT
¢ 16-Bit, Sigma-Delta ADC ¢ 32kHz Internal Oscillator with FLL Multiplier + Low-Power 1.8V to 3.6 Operation + 1.4mA Operating Current
+ 10sps to 512sps, No Missing Codes and Clock Output for External Devices ’ L :
. . y ¢ Charge Pump Provides 3V at 10mA ¢ 6pA Sleep Current, 1.5pA Shutdown
& PGA with Gains of 1,2, 4, and 8 o General-Purpose I/0 ge Fump WA Sleep H
¢ Low-Leakage SPDT and SPST Switches ¢ Programmable Interrupts/Alarms
. . . : —
¢ Low-Noise Uncommitted Op Amps 4 Vpp Monitor Part Resolution Ngi. :I:lll:lllsut ?'?st;esr; DACs 0;";\- n?:;s GPIO sﬁ\slT!/c;lggT Pr(l;;e
¢ Force-Sense DACs (MAX1358/59 Only) ¢ Dual Voltage Monitors MAX1358 | 16-bit, sigma delta 2 001100512 | 2x10-bitF/S* 1 4 202 8.07
¢ Interzlal 1.25V, 2.048V, or 2.5V Reference ¢ Watchdog Timer MAX1350 | 16-bit sigma delta 2 001100512 | 1x 106 F/S™ 2 4 o 745
¢ +0.5°C Internal/External Temperature Sensor ¢ RTC with 1/256sec Resolution MAX1360" | 16-bit, sigma delta 2 0.01 10 0.512 0 3 4 200 .
W 71 X1 /W
www.maxim-ic.com
FREE A/D Gonverters Design Guide—Sent Within 24 Hours!
CALL TOLL FREE 1-800-998-8800 (6:00 a.m.—6:00 p.m. PT)
PORTABLE MEDICAL INDUSTRIAL DATA MEDICAL INSTRUMENTS SENSORS Fora DeSIgn Guide or Free Sample
DEVICES AQUISITION JAAKIINS
AN, AVNET
ARROW ELECTRONICS, INC. —— electronics marketing
“Future product—econtact factory for availabilit 1-888-MAXIM-IC 1-800-777-2776 1-800-332-8638
**FIS =Fl):orce—sense, ’ v Distributed by Maxim/Dallas Direct!, Arrow, Avnet Electronics Marketing, Digi-Key, and Newark.
11000 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 The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. The Dallas Semiconductor logo is a registered trademark of Dallas Semiconductor Corp.

in 1k increments, and some may require minimum order quantities. © 2005 Maxim Integrated Products, Inc. All rights reserved.
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Does anybody really know

what time it is?

ime is such a contradictory parameter. It is at the core of
most scientific analysis and engineering design, we can
measure and slice it with femtosecond precision, and we
effortlessly take it for granted. After all, everyone knows
what time—and the time—is. Yet, no one really understands
it. Scientists and philosophers have for thousands of years
debated its meaning (Reference 1). Can it go backward? Can you travel
through time and, if so, change the past and thus the present and future?
What does “now” mean? What does it even mean to say that time can
slow down? When Einstein conjectured, as a consequence of his relativi-
ty theory, the now-proven fact that time does indeed slow down as you
move faster, the time-related questions and answers became more puzzling.

Beyond the broad question of the
meaning of time, a new problem with
its definition is facing the scientific
community (Reference 2). Atomic
clocks at the NIST (National Institute
of Standards and Technology, www.
nist.gov) specify the legal and techni-
cal standard for the second (Reference
3). Yet, every few years, scientists must
“correct” this definition because a sec-
ond is also a fraction of the time it takes
for the earth to rotate once on its axis:
24 hours equals 86,400 seconds.
Because we can so precisely measure
time and the Earth’s position, we know
that this rotation is slowing down due
to the influence of the moon, global
displacements, and other factors. The
correction requires adding a leap sec-
ond to official time to synchronize the
atomic-clock-based time with global
motion.

And that’s the problem. Adding this
leap second is neither trivial nor free
of unintended consequences for sys-
tems that use precise clocks, especially
embedded systems. Well-documented
cases show that the leap-second addi-

| OCTOBER 27, 2005

The United States has
proposed to, by 2007,
standardize the definition
of a second as atomic,
not astronomical.

tion causes large-scale system crashes,
losses of synchronization, and many
other problems. For these reasons, the
United States has proposed to, by 2007,
standardize the definition of a second
as atomic, not astronomical. Over time,
astronomical- and atomic-based time
would diverge slightly, though enough
to cause problems with precision appli-
cations.

This seemingly simple proposal
sparks controversy. The astronomy
community points out that this
change would make the tracking of
heavenly motion and objects inaccu-
rate. It would even adversely affect the
tracking of launched satellites and
guided missiles. The astronomy com-
munity has a deservedly large and his-
torical presence at the ITU (Inter-
national Telecommunications Union,

BY BILL SCHWEBER, CONTRIBUTING TECHNICAL EDITOR

www.itu.int). The ITU directs the
IERS (International Earth Rotation
and Reference Systems Service, www.
iers.org). IERS, in turn, is the keeper
of the official astronomical clock and
defines Greenwich Mean Time. The
ITU also tells the IERS what the
change of definition for “second”
should be and makes a strong case for
the proponents of the change. Mean-
while, one could also make a strong
case for the other view, which favors
atomic-clock time.

No easy answer exists for resolving
this issue. Both sides have good argu-
ments. Our ability to precisely meas-
ure time, independently of the sky,
conflicts with the measurements we
make with our telescopes. One is nei-
ther better nor more correct, because
how you view the conundrum depends
on your perspective, definition, and
application. Our tangible world of sun
and sky clashes with the invisible
world of atomic motion, which leads
to some difficult and somewhat unsat-
isfactory decisions. Perhaps it’s anoth-
er manifestation of the conflict
between our clock-driven schedules
and a sunrise- and sunset-driven life
(Reference 4).EDN

REFERENCES

@ Scientific American, September 2002.
A Weinstein, Keith, “Why the US
Wants to End the Link Between Time
and Sun,” The Wall Street Journdl, July
29, 2005.

A Israelsohn, Joshua, “How It Works:
Time,” EDN, March 15, 2001, pg 46,
www.edn.com/article/CA75130.

A Ellison, Harlan, “Repent, Harle-
quin!” Said the Ticktockman, Underwood
Books, 1965.

Do you have a proposal? What do
you think can or should be done? Go
to www.edn.com/051027ed1 and click
on Feedback Loop to post a comment
on this editorial.




Rest Easy. Micrel's Sleep Transistor ICs are
Low-Cost Solutions for Microprocessors

Microprocessor with Micrel's MIC94052 "Sleep-Fets" in Single Package

= .‘.‘.ﬁ 3 J

VWU uUuU

MIC94052

The M|C94052/3 are P-channel MOSFETs designed

for high-side switch applications where space is critical, they
exhibit a typical on-resistance of 70milliohms, 84milliohms
max, at 4.5V gate-to-source voltage. The devices normally
operate down to 1.8V gate-to-source voltage or even lower
when the body is biased slightly positive. Their operating
voltage range makes the MIC94052/3 ideal for Li-lon ap-
plications as well as other sub-5V load switch applications.
MIC94052/3 are low on-resistance, 84milliohms (max)
P-channel MOSFETs. They are housed in a Teeny™ SC-70-6
package.

The MIC94053 includes an internal resistor which ensures
the MOSFET is OFF until the gate is actively pulled. Inte-
grating the pull-up resistor saves valuable board space and
reduces component placement cost.

For more information, contact your local Micrel sales
representative or visit us at www.micrel.com/ad/mic94052.
Literature: 1 (408) 435-2452 Factory: 1 (408) 944-0800

Good Stuff:

Bi-directional switch

Extremely low off-current

Lowest Ron area product cellular power FET design
Low-cost methodology

Source, Drain, Gate and Body are all available on
one-side of the die (as apposed to VDMOS
competing products from other power suppliers)
Powerfet construction and packaging allow
either positive or negative body bias for use with
adaptive body-bias circuits and effective sleep-
switch optimization

MICREL

www.micrel.com

*o0000

*

© 2005 Micrel, Inc. All rights reserved. Micrel is a registered trademark and
Teeny is a trademark of Micrel, Inc.



Support Across The Board.

Bringing Products to Life.

At Avnet Electronics Marketing (EM), support across
the board is much more than a tagline for us.

From initial design through end of life — we are deeply
committed to driving maximum efficiency throughout
the product lifecycle. Take Battery Technology Inc. (BTI)
for example.

Rodney McCray
Atmel,
Field Applications Engineer

Battery Tech — The Challenge

BTI technology keeps more than half a million laptops
alive with its line of batteries. When it came time for
BTI to recharge its product designs, it needed a
product engineering solution that reduced the number
of components on its board, and lowered overall costs.

Avnet EM and Atmel - The Solution

Avnet’s MCU specialist introduced a new product
solution involving Atmel’s 8-Bit Flash memory based
AVR microcontroller that solved BTI’s challenge
quickly and efficiently. Today, BTI utilizes Avnet’s point
of use replenishment system (POURS) program to
ensure the proper flow of components into the
manufacturing line, as it readies these new products
for volume production.

Jim Carver
Avnet,
Field Applications Engineer

BTl has also charged Avnet and Atmel to move its
existing designs to Atmel’s AVR platform — the
industry’s leading flash-based microcontroller. It's no
shock to see why — with Avnet and Atmel’s focused
energy, BTI found total support across the board.

For additional application solutions and to download
the BTI case study, visit: www.em.avnet.com/atmel/sath

Christopher Chu \'
Battery Tech,
President

ATMEL

Everywhere You Are’

E_— AVNE T

=== electronics marketing

Enabling success from the center of technology”

1 800 408 8353
www.em.avnet.com

©Avnet, Inc. 2005. All rights reserved. AVNET is a registered trademark of Avnet, Inc.© Atmel Corporation 2005.
All rights reserved. Atmel®, logo and combinations thereof, AVR® Everywhere You Are® and others, are the
registered trademarks, and others are the trademarks of Atmel Corporation or its subsidiaries.
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Understanding High-Speed Signals,
Clocks, and Data Capture

— By Ian King, Applications Engineer

g s today’s data conversion sample rates for analog-to-digital converters

are moving into the Giga Samples Per Second (GSPS) range, systems

need to be capable of such high conversion rates and the supporting

analog components have to generate and amplify high-frequency signals. In

addition to the analog signal path, the circuit areas that the designer should

thoroughly understand are the sampling clock and the capturing of digital data

at high bit rates. This issue of the Signal Path Designer will provide suggested

solutions for these two key areas. The following information is
particularly relevant for systems that require high-performance ADCs.

Clock Sources

One of the most important sub-circuits within a high-speed data conversion
system is the clock source. This is because the timing accuracy of the clock sig-
nal can directly affect the dynamic performance of the ADC. To minimize this
influence, an ADC clock source must exhibit very low levels of timing jitter or
phase noise. If this factor is not considered when choosing a clock circuit, the
system could deliver poor dynamic performance irrespective of the quality of
the front-end analog input circuitry or ADC. A perfect clock will always
deliver edge transitions at precise time intervals. In practice, clock edges will
arrive at continuously varying intervals. As a result of this timing uncertainty,

Poor Clock Good Clock
Frequency Spectrum Frequency Spectrum
-] (-]
E E
= =
2 £
Frequency Frequency

Figure 1. Examples of Clock Signal Spectral Analysis
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High-Performance Solutions for Medical Imaging

Simplified Positron-Emission Tomography (PET) Scanner Block Diagram

Quad Amp Quad ADC [

FPGA

Scintillation
Crystals

AAA S
aoan

VGAs Summing
Amp

Comparator

High-Speed ADCs for Medical Imaging T

Speed Supply Power THD ENOB
(MSPS)  Voltage (V) (mW) (dB) (bit)

Product ID Resolution Package

TSSOP-28

ADC14L040 14 bit 40 33 236 90 87 1.9 73 LQFP-32

High-Speed Amplifiers and Comparators for Medical Imaging

Product ID e Slewfiate lec Wity Vl::::sie Package
(V/us, Ay=1) (mA/ch) (dBe, Vgyr =2 Vpp)
& » LMH6550 Fully differential ADC driver w/ disable 400 3000 20.0 -92/-103 at 5 MHz, R =800Q 6.0 S0IC-8, MSOP-8
& LMH6551 Fully differential ADC driver 370 2400 125 -94/ -96 at 5 MHz, R =800Q 6.0 S0OIC-8, MSOP-8
e LMH6703 1.2 GHz low distortion op amp w/shutdown | 1.2 GHz2| 4200* 11.0 -69/-90 at 20 MHz, R =100Q 2.3 SOIC-8, S0T23-6
LMH6502 Linear in dB, variable gain amplifier 130" 1800 21.0 -55 / -57 at 20 MHz, R =100Q| 7.7 S0IC-14, TSSOP-14
LMH6503 Linear in V/V, variable gain amplifier 135' 1800' 37.0 -60/-61 at 20 MHz, R =100Q 6.6 SOIC-14, TSSOP-14
LMH6504 Linear in dB, variable gain amplifier 150 1500 11.0 -47/-55 at 20 MHz, R =100Q| 44 S0IC-8, MSOP-8
LMH6722 Quad wideband, low power op amp 400 1800 5.6 -72/ -85 at 5 MHz, R =100Q 34 S0IC-14
LMH6725 Quad, ultra low power op amp 370 600° 1.0 -65/ -63 at 5MHz, R =1002 43 SOIC-14, TSSOP-14

Rise/

Product ID Response Package

Iec
Time (ns) Fall Times (mA/ch)

LMV7219 7 ns, 2.7V to 5V comparator w/ RRO ¥ -0.2V to 3.8V Push-pull| SC70-5, SOT23-5

TA =410 PAy =42




SIGNAL PATH | designer
Understanding High-Speed Signals...

the signal-to-noise ratio of a sampled waveform can
be compromised by the data conversion process.

The maximum clock jitter that can be tolerated from
all jitter sources before the noise due to jitter exceeds
the quantization noise ('/2 LSB). This is defined
from the following equation:

Tiims) = (Vingg-p) / Vinesa) X (1/(2%" x 7v x ;7))

If the Input Voltage (Vin) is optimized to equal the
full scale range of the ADC (VINFsR), then the jit-
ter requirement becomes a factor of the ADC’s res-
olution (N bits) and the input frequency being
sampled (£;,).

For input frequencies up to the Nyquist rate
(500 MHz for a 1 GSPS conversion rate), the total
jitter requirement would be:

Tims) = 1% (1/(2% x 7t x 500 x 10°))

Tims) = 1.2 ps

This value represents the total jitter from all
sources. A source of jitter that can be accounted for
within the ADC device itself is called the aperture
jitter. This is a timing uncertainty associated with
the input sample and hold circuit of the device and
should be considered when determining the maxi-
mum allowable clock jitter of the clock source.

Clock Circuit Jitter =
SQRT (Tjyms? — (ADC Aperture Jitter)?)

Using the ADCO8D1000 as an example, the
aperture jitter is given in the datasheet as 0.4 ps,
this value tightens the jitter specification for the

ADC clock to ~1.1 ps.

However, simply matching an oscillator’s perform-
ance data to the requirements specification may not
be enough to obtain the expected result when used
in the data conversion system. This is because
frequency components that exist alongside the
fundamental also play a significant role. It is there-
fore important to examine the clock signal with a
spectrum analyzer and make sure that the energy
associated with the fundamental frequency is not
spread over too wide a range. Spurs that extend to
higher frequencies may be visible and will also have
a direct impact on jitter performance. Figure 1
compares an example of a poor performance clock
signal alongside the frequency spectrum that would
be expected from a good, clean low-jitter clock
source.

Figure 2 shows the recommended clock circuit for
the ADC08D1000. It consists of a Phase Locked
Loop (PLL) device (LMX2312) connected to a
Vari-L Voltage Controlled Oscillator (VCO).

The PLL and VCO maintains the required signal
to noise ratio (46 dB) for the ADC08D1000
product up to the Nyquist input frequency. The

FFT plot in Figure 3 shows the dynamic
performance of the ADC when clocked at 1 GSPS
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Figure 2. PLL and VCO Clock System
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Signal-Path Solutions for Test and Measurement

Simplified Oscilloscope

Lp I & | bt o
ine o e - f a
O_> aﬂi:T:;r filter e attenuator 8IutADc > memory : ml;)‘fr?mr
A A
V // e ‘ £05
] | wme | | noCOBD1S00 | | o § | Rt B die
l V CcPU
O‘> Coarse LP ‘ Data
attenuator filter attenuator memory
8-bit 1-3 GSPS ADC Family Performance (typical) Step Response
e 7.3 to 7.5 Effective Number of Bits (ENOB) at Nyquist : ,
e A T R N N B
e 1.75 GHz full power bandwidth f
e Biterror rate 10 |
o DNL 025 LSB |
e Crosstalk -71 dB !I
* Operating power of only 1W to 1.8W (no heat sink required) }
SR
Features 2 nS/div

I Input, 2 GSPS Interleaved Operation

e Interleaved dual-edge sampling (DES) mode enables up to

3.4 GSPS operation i
Product ID Description
e Choice of single or dual data rate output clocking —

ADCO81000 | 8-Bit, 1 GSPS
Multiple ADC synchronization capability
e Serial interface for extended control (gain, offset)
e Demultiplexed LVDS outputs simplify data capture

ADCO081500 | 8-Bit, 1.5GSPS
ADC08D500 | 8-Bit, dual, 500 MSPS (1 GSPS in DES mode)
ADCO8D1000 | 8-Bit, dual, 1 GSPS (2 GSPS in DES mode)

ADC08D1500 | 8-Bit, dual, 1.5 GSPS (3 GSPS in DES mode)

Clock Generator

=5 i AD
| LMX231x Balun
: g BP Filter " veo ~r-




Simplified Receiver Path

Analog Signal Processing

Mixer
I~ g %, -
& R
IF Amplifier IF Filter

| Local Oscillator

Local Oscillator PLLatinum™ Frequency Synthesizers

Product ID

LMX2434
LMX2430
LMX2470
LMX2364
LMX2347
LMX2512

Type

High Frequency Integer-N Dual PLL
Integer-N Dual PLL

Delta-Sigma Fractional-N PLL
Fractional-N PLL

Integer-N Single PLL

Frequency Synthesizer System with Integrated VCO

Frequency

1.0-5.0 GHz
02-30GHz
0.5-2.6 GHz
05-26GHz
0.2-2.5GHz
~1.0GHz

Digital Signal
Processing

1

Normalized
Phase Noise

-219 dBc/Hz
-219 dBc/Hz
-210 dBc/Hz
-210 dBc/Hz
-217 dBc/Hz

Phase Noise at
Offset Frequency

-139 dBc/Hz at 900 kHz

Applications:

* Spectrum analyzer

e Radar system

e Microwave links

» Wireless infrastructure

Package

UTCSP-20, TSSOP-20
UTCSP-20, TSSOP-20
UTCSP-24

UTCSP-24, TSSOP-24
CSP-16, TSSOP-16
LLP-28

ADCs for Test and Measurement

Dynamic Performance

z Speed Supply Power SFDR THD ENOB SNR
Product ID Resolution (MSPS)  Voltage (V) (mW) (dB) (dB) (bit) (dB) Package
_ ADC03D1000 8-bit dual i 1600 55 ‘ j LOFP-128 Exp. Pad
) ADC08D1500 8-bit dual 1500 19 1840 53 -53 7.3 46 LQFP-128 Exp. Pad
10-bit dual 65 33 360 80 18 98 | 61 TOFP-64
12 bit 80 33 425 80 77 107 66 LQFP-32
12-bit dual 40 3 210 8 83 i 69 TQFP-64
12-bit dual 65 33 360 86 -84 1.1 69 TQFP-64
12-bit quad 65 3 800 85 8 1.0 69 TQFP-64, LLP-60
14 bit 40 33 236 90 87 119 73 LQFP-32
Amplifiers and Comparators for Test and Measurement
Voltage
SSBW  SlewRate g 2nd/3rd HD .
lype (MHz, A, =1) (V/ps, Ay=1) (mAfch)  (dBc, Voy;=2Vpp) ("'\“,‘}'\/SH%) Backage
Fully differential ADC driver with disable 400 3000 20.0 -92/-103 at 5 MHz, Ry=800Q | 6.0 SOIC-8, MSOP-8
Fully differential ADC driver 370 2400 125 | -94/-96 at5 MHz, Ri=800Q | 6.0 SO0IC-8, MSOP-3
LMH6702 * | Ultra-low distortion CFB op amp 1.7 GHz' 3100° 125 | -100/-96 at5 MHz, Ry=100Q | 1.8 S0IC-8, S0T23-5
1.2 GHz low distortion op amp w/shutdown | 1.2 GHz' 42000 110 -87/-100 at 5 MHz, R;=100Q | 23 SOIC-8, SOT23-6
LMH6609 | 900 MHz, unity gain stable, VFB op amp 900 1400 70  |-87/-82at5MHz, Ri=100Q | 3.1 S0IC-8, SOT23-5
LMH6574 | 4:1 Mux, -70 dB crosstalk 500° 2200 130 | -65/-86 at5 MHz, R=100Q | 50 SOIC-14
LENI Rise/ Icc Output
Ay Type Time (ns)  Fall Times  (mAfch) T Config et

| LMV7219

7 ns, 2.7V to 5V comparator w/ RRO

-0.2V to 3.8V

Push-pull |

SC70-5, S0T23-5

A =42
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Figure 3. FFT Plot of a 489 MHz Sine Wave Sampled at 1 GSPS

using the circuit in Figure 2 to sample an input
frequency of 489 MHz.

Data Capture

Sampling signals at high frequencies (1 GSPS and
above) means that the digital output data produced
by the conversion has to be stored or at least trans-
ferred at very fast speeds. The two key issues when
handling a billion conversions a second is that of
signal integrity between the digital components in
the system and alsp the rate of data transfer for each
clock cycle.

To maximize the signal integrity of the digital
outputs, high-speed ADCs use Low Voltage
Differential Signaling or LVDS (see Figure 4).

The main advantage of the LVDS signaling
method is that high data rates can be reached for a
very low power budget This is achieved through
the use of 2 wires for each discrete signal that is to

be carried across a circuit board or cable. The
voltages on each of these conductors swing in

~ opposite directions and also have a very small

amplitude (typically 350 mV) when compared to
single-ended signaling such as CMOS or TTL. It is
because of the inherent noise immunity of the
differential circuit that low voltage swings can be
used. This in turn means that the signal frequency
can be faster as the rise time is shorter.

The signal lines that carry the differential
waveform on a circuit board should be designed to
have a characteristic impedance of 100 Ohms
(defined by the LVDS standard). These lines are
then differentially terminated at the receiver with a
100 Ohm resistor to match the line. A signal
voltage is generated across this 100 Ohm resistor by
a 3.5 mA current source within the transmitter
circuit which provides the 350 mV signal swing for
the receiving circuit to detect.



Driver

Receiver

Figure 4. A Typical LVDS Circuit

" LvDS-001

Transmitting the data at high speeds is only half of
the problem. Storing the data into a memory array
for post processing is also to be considered. The ADC
provides a de-multiplexed data output for each of its
two channels. Instead of providing a single 8-bit bus
running at a data rate equal to the sample rate, the
device outputs two consecutive samples simultane-
ously on two 8-bit data buses. This method reduces
the data rate by a half but increases the number of
bits. For a 1 GSPS sample rate, the conversion data
output from the ADC is 500 MHz. Even at this
reduced speed, most discrete or internal FPGA
memories would have problems capturing this data
reliably. It is therefore beneficial to use a Dual Data
Rate (DDR) method where data is presented to the
outputs on both the rising and falling edges of the
clock. While the data rate remains the same for DDR
signaling, the clock frequency is halved again to a
more manageable 250 MHz. This frequency is now
in the realm of CMOS memory circuits. Before the
data can be stored to memory, it requires an interme-
diate pair of data latches at the input to the FPGA
device. The first latch of the pair is clocked using an
in-phase data clock, while the second latch is clocked
using a signal that is 180 degrees out of phase or an
inverted data clock (see Figure 5).

To simplify this clocking requirement, FPGAs come
equipped with digital clock managers in the form of
PLLs (Phase Locked Loop) or DLLs (Delay Locked
Loop). These devices allow clock signals to be
generated internally that are phase locked to an input
clock, and offer phase delay taps of 0, 90, 180, and
270 degrees. This clock management feature allows a
DDR clocking scheme to work effectively by provid-
ing a precise 180 degree phase-shifted clock. This in
turn allows the incoming data synchronous to the
falling edge to be captured reliably into a data latch.

After being latched, the incoming data can be trans-
ferred to a FIFO memory or Block RAM. From there
the data can be easily retrieved by the system micro-
controller at a much slower speed for post-capture
processing.

| FPGA Clock Manager

oL CLKO

ot
DCLK LCLKFB cko—>—
M s L o

BUFG Global CLK180
Clock Buffer

CH-1[7:0] —— I s
_—
CLKO 00D | — ol
CHA 0] ——
S
EVEN — 0
CLK180
tos] I Channel
FIFO i Data [7:0]
CH-1d [7:0] —— Momory
oon [ | Ix[7:0]
CH-Id [7:0] —— g )
70l
EVEN [ ERa
Figure 5. FPGA Data Capture Architecture
Summary

Ultra high-speed data conversion offers many chal-
lenges to the system designer. This is truly a mixed-
signal environment in which all ‘the sub circuits
have to be considered carefully to allow the ADC
to deliver the optimum dynamic performance.
Clock systems that meet the low jitter requirements
can be realized economically using off-the-shelf
components. Similarly, FPGAs are available today
with many supporting features for systems that
include full LVDS support and clock management
circuits. ®
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National Semiconductor
2900 Semiconductor Drive
PO Box 58090

Santa Clara, CA 95052

1 800 272 9959

Visit our website at:
signalpath.national.com

For more information,
send email to:
new.feedback@nsc.com

National
Semiconductor

Design Tools

Signal-Path Design Tool

National’s newest online innovation is the Signal-Path Designer toolset
on the WEBENCH platform. This unique analog design tool allows you
to synthesize an anti-aliasing filter, amplifier selection, and analog-to-
digital converter combination that is precisely tailored to your needs.

Once you select a filter, it allows you to choose a matching ADC. Or,
you can select an ADC first, then have the tool guide you to selecting
the optimal filter to fit the ADC. This fast and easy tool allows you to
select the best combination of components that are designed to work
together and achieve your system goals for cost and performance.

Visit webench.national.com to start designing today.

|

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
e USB interface to PC

* PC-based data capture

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

* Produces and displays FFT plots

" o Dynamic performance parameter readout with FFT

* Produces and displays histograms

Don't miss a single issue!

signalpath.national.com/designer

Also, be sure to check out our
Power Designer! View online today at:

power.national.com/designer

The Sight & Sound of Information
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Accelerate
Your Data
Analysis

National Instruments DIAdem
gives you a unified environment
for data analysis and report
generation. This software offers
analysis and report generation
capabilities that directly
increase your productivity.

FLLFEER
ErTd et

Maximize your data
investment and reduce
your data analysis time by:

e Managing data from multiple
databases and file formats

¢ Inspecting dataina
dynamic environment

e Analyzing data using
engineering math libraries

¢ Reporting results with
customized, reusable reports

Read the white paper on how to reduce your
data analysis time by as much as 90 percent.
Visit ni.com/info and enter ebym29.

(800) 991-9013

v NATIONAL
’ INSTRUMENTS'

© 2004 National Instruments Corporation. All rights reserved. NI DIAdem and ni.com
are trademarks of National Instruments. Other product and company names listed

are trademarks or trade names of their respective companies.
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iPolar™: A milestone in high voltage hipolar processing

Today’s high voltage industrial designs are demanding more IC performance than ever. That’s why Analog Devices has developed
iPolar manufacturing process technology—the most significant re-engineering of high voltage bipolar technology in aimost 20 years.

By utilizing a proprietary trench isolation technique to enhance NPN/PNP transistor density and functionality, iPolar enables
dramatically improved performance of linear products with lower noise, smaller packaging, and reduced power consumption.

The result? Our new family of 20 V to 36 V bipolar analog products that help increase performance, lower costs, and reduce design

time for industrial applications.

And when it comes to supporting the higher voltage needs of industrial customers, that’s quite a winning combination.

To learn more about our iPolar manufacturing process and the
products now sampling, visit www.analog.com/iPolar.

iPOLAR

INDUSTRIAL

and power in 36 V linear ICs.

Lowest noise in the smallest footprint

Our breakthrough manufacturing process yields analog ICs with superior noise and footprint characteristics. For example, the ADA4004-4
precision quad amplifier achieves 1.8 nV/AHz voltage noise density—the industry’s lowest wideband noise in this product category—while
its 4 mm X 4 mm, 16-lead LFCSP occupies 70% less PCB area than the competition.

Superior speed and reduced power

iPolar technology enables a new generation of components that offer enhanced speed with markedly reduced power consumption. For
example, at 10 MHz on 2.5 mA supply current, the AD8675 offers 20% higher bandwidth while consuming 50% less power compared
to other high voltage ICs. Likewise, our ultralow offset voltage AD8677 operational amplifier reduces power consumption up to 40%
without loss of bandwidth.

Solutions for all your high voltage needs

Our families of high voltage analog ICs are growing. Coming soon will be more iPolar devices—such as drivers, voltage references, and
additional amplifiers, including new audio ICs. We're also expanding our line of amplifiers, converters, and mixed-signal ICs manufactured on
our recently introduced i:CMOS™ technology. Together these new processes offer state-of-the-art high voltage analog IC performance and value,
and represent our ongoing commitment to industrial and instrumentation engineers. For more information, please visit our website.

AD8675 “ AD8677 ADA4004-4

Low noise, rail-to-rail precision amplifier Ultralow offset voltage op amp Low noise, precision quad amplifier
«  Low voltage noise: 2.8 nVAHz * Low offset voltage: 75 wV max «  Low voltage noise: 1.8 nVAHz
¢ Rail-to-rail output swing e Input offset drift: 1.2 wV/°C max e Wide bandwidth: 12 MHz
e Input bias current: 2 nA max e Supply current: 1.2 mA * Low offset voltage: 100 .V max
e (ffset voltage: 75 wV max e High CMMR: 130 dB e Supply current: 1.7 mA/amp
e Offset drift: 0.6 wV/°C max e Dual supply operation: e Dual supply operation: £5Vto 15V
e Very high gain: 120 dB +5Vto =15V e Extended industrial temperature range
e 3mm X 4.9 mm, 8-lead MSOP e 29mm X 3 mm, 5-lead TSOT-23 —-40°C to +125°C
e Pricing: $1.17/1k quantities e Pricing: $0.75/1k, quantities e 4 mm X 4 mm, 16-lead LFCSP

e Pricing: $3.02/1k quantities

www.analog.com/iPolart

ANALOG
DEVICES

THE LEADER IN HIGH PERFORMANCE ANALOG




No one wanfs to go back
fo the drawing board when
device packages change.
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With the conversion to lead-free electronics, device packages are changing

faster than ever. Whether your application calls for package conversion, signal

modification, or adding functionality with electronic enhancements, Advanced®

Adapters can extend the life of your existing PC boards and bridge the transition

to RoHS Compliant manufacturing. When redesigning boards isn't an option,
Lead-free o count on Advanced to help you adapt.

Until boards and profiles are redesigned to o )
meet high temperature requirements, attach To learn more, visit us online at AnVANcEn
lead-free BGA devices to our Adapters and

simply plug in to existing boards processed http://www.advan ced.com
with our footprint-matching BGA Sackets. e INTEHGUNNEBTIUNS®
or call 1.800.424.9850. 5 Energy Way, West Warwick, Rhode Island 02893 USA

EXe)

IC SOCKETS AND ADAPTERS L] BOARD TO BOARD CONNECTORS PEEL-A-WAY® CONNECTORS 9001




INNOVATIONS & INNOVATORS

We don’t need no stinkin’ RF-free room

Have it your way with the STE3000B
benchtop RF-test enclosure.

“ D ersonal” is the descriptive ad-

jective for many devices, so

why not a personal RF-test
enclosure? If you have no access to or
can't afford the preliminary sessions in a
standard RF-screened room, consider a
benchtop RF-test enclosure from Saelig
Co. The unit's internal dimensions are 8
in. high, 17 in. wide, and 10.5 in. deep; it
has ultrafine-shielded-mesh gloves in
the access holes.
An RF-filtered supply powers internal il-

lumination from low-voltage incandescent

| EDITED BY FRAN GRANVILLE

FERRITE-BEAD CHIP
INDUCTORS STIFLE

RF FLOW
Helping keep that pesky RF energy

from propagating along signal lines
where it doesn't belong, the CB series
of multilayer ferrite-bead chip induc-
tors from Stackpole Electronics is
available in 0402 through 1812 case
sizes. Depending on model, impedance
ranges from 6 to 2700€) with 20 or
25% tolerance. The devices target use
in applications requiring 1 MHz to sev-
eral hundred megahertz. The dc resist-
ance is 0.02 to 1.20), and current rat-

bulbs, letting users see through the RF-tight window and manipulate a product in-
side. The box comes with user-specified RF connectors for input and output. RF-ab-
sorbent foam with 24-dB attenuation lines the interior, and the double-sealed access-
door lip has 90 dB of isolation. The STE3000B sells for $1095, approximately the
price of a day’s use of a commercial RF-screened room.—by Bill Schweber

Saelig Co Inc, www.saelig.com.

ing is 50 mA to 6A for these passive
components, whose prices start at 5
cents (volume quantities).

—by Bill Schweber
>Stackpole Electronics, www.
seielectcom.

EDGE chip set offers multimedia features, slashes BOM

Although much of the hype in the handset business revolves
around 3G standards, such as wideband CDMA (code-division
multiple access), the bulk of the market is still in 2.6G standards,
such as EDGE (enhanced data for GSM evolution). That fact led
Agere to deliver the first member of its new Vision mobile-hand-
set architecture in the EDGE flavor. The Vision X115 design
seeks to maximize multimedia capabilities in a handset for main-
stream customers and the 2.5G networks and do so in a way that
Agere claims reduces cost by 20%. Mark Bode, director of prod-
uct marketing, claims that the typical BOM (bill of materials) of an
EDGE phone is in the low $50s for the ICs in the handset. Bode
claims the X115 will reduce that BOM to the low- to mid-$40s.
Agere partitions the X115 design into digital- and analog-base-
band ICs. The digital chip integrates three processing cores. An
Agere DSP 16000 core is dedicated to PHY (physical)-level pro-
cessing and the voice-codec tasks. An ARM 7 core is also dedi-
cated to the EDGE function. An ARM 9 is available for applica-
tions and multimedia tasks, such as audio and video decoding.
The design supports dual color displays, including a primary
QVGA or OCIF (Quarter Common Intermediate Format) display

with 262,000 colors, as well as a 2 million-pixel camera for image
input. The application processor enables playback of H.263 or
H.264 (MPEG 4) video streams and MP3 or AAC (Advanced
Audio Coding) audio streams. Bode claims that graphics per-
formance is the other strong point of the design. The design at-
tained a score of 350 in the independent JBenchmark 2.0 tests
that essentially measure gaming performance. Bode claims that
the 350 score places the design in the upper 10% of smart
phones and PDAs tested and that Agere has yet to optimize the
implementation that was tested.—by Maury Wright
Agere Systems, www.agere.com.

U
=

—George Gibson, in EDN’'s Feedback Loop at www.edn.com/
article/CA629314. Add your comments.
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Broadband over coax

plays both ho

me- and

access-networking roles

ntropic Communications
E is making good on its

promises to use exist-
ing coaxial cables to deliver
broadband data. The compa-
ny focuses primarily on using
the coax installed in most
homes as a high-speed back-
bone for home networks that
can distribute multiple HDTV
streams. The company’s c.Link
technology allows communi-
cations through splitters, there-
by working over the coax
topologies in homes. Entropic
officials believe that the
c.Link technology can also
deliver broadband services
to homes or subscribers in
MDUs (multiple-dwelling units).
Entropic also led the develop-
ment of the MoCA (Multi-
media over Cable Alliance,
www.mocalliance.org) indus-
try group that has developed
broadband-over-cable speci-
fications.

Now, it appears that MoCA
technology is ready for deploy-
ment. On the access side,
Japanese MSO (multiple-sys-
tem operator) J:Com (www.
jcom.co/jp) will offer broad-
band services in MDUs using
Panasonic  (www.panasonic.
com) gear that the company

based on Entropic chips.
J:Com will offer data services
at speeds as high as 100
Mbps. The deployment relies
on fiber to a building that con-
nects to network controllers,
which, in turn, can serve as
many as 31 subscribers over
installed coax plants.

On the home-networking
front, Motorola (www.motoro
la.com) has developed a se-
ries of set-top boxes that it
based on Entropic’s technolo-
gy. Motorola has also devel-
oped an HMA (home-media
architecture) that it will offer
MSOs to provide distributed
PVR (personal-video-record-
ing) functions throughout a
home. The HMA supports a
central PVR that can feed

multiple low-cost set-top box-
es in a home and also sup-
ports full PVR functions in
multiple locations in a home.
The HMA will rely on Entropic
technology to move the video
streams around the distrib-
uted topology.

Finally, the MoCA organiza-
tion is also moving forward.
Members include Cox Com-
munications  (www.cox.com),
Motorola, Panasonic, Radio-
Shack (www.radioshack.com),
and other industry stalwarts.
Other IC vendors, including
Broadcom  (www.broadcom.
com), have also joined. The or-
ganization this year completed
the MoCA spec and a round of
field trials. Throughout the re-
mainder of the year, the group
is working on certification and
expects certified products ear-
ly in 2006.

—by Maury Wright
~Entropic Communica-
tions, www.entropic.com.

= FEEDBACK LOOP

“Unfortunately, the semiconductor
people cannot solve all your prob-
lems in an elegant little chip, and
a good, old-fashioned capacitor
dielectric or iron or a battery must
come to the rescue.”

John K Fitch in EDN’s Feedback Loop at www.edn.com/
article/CA608153. Add your comments.

DILBERT By Scott Adams

THE COMPANY REQUIRES
ME TO GIVE FAILING
PERFORMANCE REVIEWS
TO 20% OF MY STAFF.
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THERE ARE FOUR OF
YOU, SO THAT WORKS
OUT TO...80% OF A
PERSON.

scottadams@aol.com

www.dilbert.com

7-35-05 ©2005 Scott Adams, Inc./Dist. by UFS, Inc.

WALLY, YOUR CALF
MUSCLES AND ANKLES
ARE PERFORMING
WELL, BUT THE REST
OF YOU IS MONKEY
HURLAGE.

Wireless-USB
chip adds VOIP

For the past few years,
Cypress has been push-
ing its proprietary
WirelessUSB technolo-
gy in applications rang-
ing from HIDs (human-
interface devices), such
as wireless mice, to
lightweight industrial
control. The newest ad-
dition to the line, the
WirelessUSB LP
(CYRF6936), supports
data rates as high as 1
Mbps, making the voice
application feasible.
But the WirelessUSB
LP scheme also em-
ploys Cypress’ Auto-
Rate Receiver technolo-
gy, which enables
transfers at any speed
with no need to negoti-
ate a speed change.

An automatic trans-
action sequencer and
16-byte send and re-
ceive buffers allow de-
signers to pair the
WirelessUSB LP chip
with low-cost microcon-
trollers. Moreover, the
new chip can power ex-
ternal components,
such as optical sensors.
Production quantities
are due in the first
quarter of next year,
and the devices will sell
for as little as $1.20
(high volumes).

=by Maury Wright

Cypress Semiconduc-

tor, www.cypress.com.

-

The WirelessUSB LP offers
lower power and greater
performance for VOIP
wireless headsets.




DATA CONVERTERS

High Speed, Top Performance!

13-Bit, 250-MSPS ADC

Sample Application: Wideband, High IF DPD Feedback Receiver

DAC ' Diplexer
o9 o c |o
2zamM5 |5 >
DAC PA
PA Linear
DAC5686/7- Feedback
C64x™ GC5016 GC1115 T TRFs102 Path
GC5316 @4@—
ADS5444

The new ADS5444 from Texas Instruments sets a new benchmark for high-speed
ADCs, providing best-in-class performance at 250 MHz. Look to Tl for a complete
portfolio of high-speed ADCs, including the recently announced ADS5440 13-bit,
250 MSPS ADC.

Resolution Speed SNR SFDR
Device (Bits) (MSPS) (dBc) (dBc)
ADS5444 13 250 68 at 230 MHz IF 75 at 230 MHz IF
ADS5440 13 210 68 at 230 MHz IF 79 at 230 MHz IF
ADS5500 14 125 69.5 at 100 MHz IF 82 at 100 MHz IF
ADS5424 14 105 74 at 50 MHz IF 93 at 50 MHz IF
ADS5541 14 105 71 at 100 MHz IF 86 at 100 MHz IF
ADS5423 14 80 74 at 50 MHz IF 94 at 50 MHz IF
ADS5520 12 125 68.7 at 100 MHz IF 82 at 100 MHz IF
ADS5521 12 105 69 at 100 MHz IF 86 at 100 MHz IF

Amplifier and Data Converter

Datasheets, Samples, Evaluation Modules

www.ti.com/ads5444 o 800.477.8924, ext. 2695

» Applications
- Software-defined radio
- Base stations:
- Wideband receiver
- High IF receiver
- PA linearization
- Instrumentation

-~ Test and Measurement

» Features

- 100 MHz IF: SNR = 68.7 dBc;
SFDR = 73 dBc

— 230 MHz IF: SNR = 68 dBc;
SFDR = 75 dBc

— Fully buffered analog inputs

— 2.2 Vpp differential input
voltage

- 3.3 V LVDS compatible
outputs

- TQFP-80 PowerPAD™
package

— Industrial temperature
range -40°C to +85°C

— Price: $95 1k

New!
Selection Guide,

Technology for Innovators

i3 TEXAS INSTRUMENTS

PowerPAD, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1171A0

©2005TI
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Midpriced, 100-MHz MSOQOs provide
16 digital and two or four analog channels

ccording to Johnnie
Hancock, program
manager for Agilent's

moderately priced 6000-series
MSO  (mixed-signal oscillo-
scopes) and DSOs, the market
for 100-MHz scopes is alive
and more than just well. “Unit
volumes at this bandwidth
continue to exceed those of
many wider bandwidth in-
struments, even though the
higher performance products’
steeper prices can yield
greater revenues, he says.
He also notes that Agilent's
number-one scope competitor,
Tektronix (www.tektronix.com),
offers no MSOs like Agilent’s,
which combine 16 logic-tim-
ing-analysis channels with two
or four analog channels. (Tek
does, however, offer software
that facilitates the use of its
separate logic-analyzer instru-
ments with its scopes.)

Agilent’'s number-two scope
competitor, LeCroy (www.
lecroy.com), offers a 32-chan-
nel logic-analysis accessory
that you can add to several of
its scopes, but, according to
Hancock, the accessory ap-
proach doesn't provide the
ease of use of the integrated
approach that only Agilent and
a third competitor, Yokogawa
(www.yca.com), offer. More-
over, says Hancock, Agilent’s
customer studies show that
MSO applications are mainly in
development of embedded
systems that use 8- or 16-bit
microcontrollers. Few such ap-
plications call for more than 16
logic-analysis channels.

This product introduction
adds 100-MHz MSOs and
DSOs to a scope family that al-
ready includes units of both
types with analog bandwidths
of 300 MHz, 500 MHz, and 1

OCTOBER 27, 2005
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A large, covered compartment accessible from the top of the
DS06014 holds probes, other accessories, and even books that
you might want for reference when you take the unit off-site.

GHz. Like the 300-MHz units,
the new 100-MHz units sam-
ple analog signals at a maxi-
mum rate of 2G samples/sec.
(The maximum rate for the
higher bandwidth units is 4G
samples/sec.) A two-channel,
100-MHz DSO costs $4495.
A four-channel, 100-MHz
DSO costs $5595. Adding the
MSO capability adds $2000.

Users can in minutes easily
upgrade a DSO to an MSO
without using tools.

Standard memory depth is
1M samples/analog channel.
On any 100- or 300-MHz unit,
regardless of the number of
channels, users can double
this depth for $500 or in-
crease it to an 8M-sample/
analog channel for $2000—

also in minutes, without using
tools. A 6000-series scope
equipped with  8M-sample
memory captures records 800
times as long as those that the
most  popular  competitive
scopes can capture. The
6000-series MegaZoom ||
display technology also en-
ables you to quickly zoom in
on waveform details within
these long records. More-
over, according to Agilent,
the display-update rate is as
much as 40 times as fast as
that of competitive instru-
ments.

MSOs in the 6000 series
fully support Agilents FPGA
dynamic probe, which the
company introduced last year
for use with its logic analyzers.
The dynamic probe enables
embedded-system developers
to “see inside” Xilinx (www.
xilinx.com) FPGAs and to cor-
relate the internal view with
events displayed on an MSQO'’s
analog and logic channels.

—by Dan Strassberg

Agilent Technologies,

www.agilent.com.

Reference design adds support for mobile WiMax

WiMax news will be abundant in the near term as the WiMax World conference (www.wimax
world.com) kicks off in Boston this week. Companies are getting a jump-start on the proceed-
ings, rolling out new WiMax products. Sequans Communications (www.sequans.com) just an-
nounced its first WiMax SOCs (systems on chip) targeting both base-station and subscriber
equipment. Meanwhile, picoChip moved to add mobile-WiMax support. The market leader in
chips for the base-station side of the WiMax equation, picoChip just added support for the

The picoChip PC102 adds
support for 802.16e.

coming mobile flavor.

Although the fixed flavor of WiMax is starting to find success
in places in which DSL or cable broadband don't prevail, the
bigger opportunity for WiMax may be in the mobile flavor (see
“WiMax wireless broadband: Fixed-flavor questions abound, mo-
bile lurks” EDN, March 31, 2005, pg 44, www.edn.com/
CAb512128). Because the picoChip PC102 that WiMax base
stations use is essentially a programmable DSPF, the company
has been able to add support for 802.16e and the Korean-de-
veloped WiBro mobile flavor through changes in the software
stack. The result is a new PC6530 reference design and per-
haps the first shipping support for mobile WiMax.

picoChip, www.picochip.com.

—by Maury Wright



POWER MANAGEMENT

Tiny 3-A Plug-In Power Modules
Achieve 94% Efficiency

» Applications
— Networking
- Servers
— Data communications
— Workstations
- Industrial electronics

» Features

— Auto-Track™
Sequencing

— Wide range of input
voltages-3V to 5.5V
or 4.5V to 16V

94% efficiency
POLA™ compatible
Under-voltage lockout
Pb-free

Though tiny in size, the 3-A POL power modules from Texas Instruments are packed
with big features. At virtually the same size as a T0-220 package, these products can
be used with input voltages from 3 V to 14 V and will provide output voltages from 0.9V
to 5.5 V. They are available with and without Auto-Track sequencing and all models
include on/off inhibit control, over-current and over-temperature protection.

lour Vin Vour  Auto-Track On/Off Over- Over- Size S

Device (A) Range (V) Range (V) Sequencing UVLO POLA Inhibit Current Temp (mm)

PTH04070W | 3.00 3.0to55 | 09t0 3.6 X X X 113x10 e

PTHO8080W | 2.25 45t018  0.9t055 X X X X [13x15 lm

PTH04000W | 3.00/ 3.0t0 5.5 | 0.9t0 3.6 X X X X X 113x19 =L

PTHO8000W | 2.25 45t014 | 09t0o55 X X X X X X 113x19 i
—
GND GND
O O

Power ManagamoarSotoctin guigy

Plug-In Power Selection Guide,
Power Management Selection Guide,
Samples and Datasheets,

www.ti.com/plug © 800.477.8924, ext. 2584

Technology for Innovators” {’f TEXAS INSTRUMENTS

Auto-Track, POLA, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1223A0 ©2005TI
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Kris Pister

Don't bother vacuuming this smart dust.

he inventor of Smart Dust and a longtime leader
in the academic wireless-sensor-networking
community, Kris Pister in 2002 co-founded Dust
Networks to deliver his vision of a commercially
robust wireless-sensor-networking platform.
Pister is the chief architect of Dust Networks'’
patent-pending SmartMesh technology. Previously, he suc-
cessfully commercialized or licensed micromachine technolo-
gies with Tanner Research, OMM Inc, Xactix, and Sony. He

holds a doctorate and a master's degree in electrical engineer-

ing and computer sciences from the University of California—
Berkeley and a bachelor's degree in science from the
University of California—San Diego. Currently on leave as a
professor of electrical engineering and computer science at

UC Berkeley—and the father of four brilliant children—he is do-

ing his part to continue the advancement of technology in the

next generations.

How do you view the
position of RFID and
of smart sensors?

RFID has lots of inter-

esting applications.
When people think of RFID,
they think they know where
their stuff is all the time, but
all they really know is where it
was when they last checked.
That may work for FedEx, but
not for the “where-is-it-right-
now?" questions that many
companies have for their criti-
cal machinery or perimeter-
security systems.

There's a lot of stuff going
on in wireless-sensor net-
works that is headed in that
direction, as we drive costs
down. There'll be true loca-
tion capability—not in a
decade, not in three months,
but perhaps in three years.
Our wireless-sensor net-
works gather information oth-
er than location from the
physical world. Our networks

OCTOBER 27, 2005

can sense things, such as
temperature, light, motion,
and vibration.

For all the sensors out
there, the wiring cost is
tremendous. Step One: Do
them wirelessly. Step Two:
costs are down; put in more
sensors. Step Three: Now
that you have wireless sen-
sors, put them in new places,
on things that move around.
It's not a killer app, but there
will be a lot of happy applica-
tions and tremendous return
on investment in commercial
and industrial settings.

What about the relation-
ship between the univer-
sity and technology
development?

The easiest way to

move technology from
the university is to find a killer
app. But if the story is differ-
ent—less dramatic—it is much
harder to do that.

What is your view on
engineering education
and students?

| teach graduate and

undergraduate cours-
es at Berkeley. Students have
a certain lack of “hardware
dabbling!” It's harder and
harder for a kid in high school
to play with circuits. But, if
they order a [Microchip] PIC-
design kit, they get an 8-bit
microprocessor and setup for
little money, and can do some
real work. Otherwise, early on,
they are forced to make the
jump to abstraction and away
from the physical world.

How does the decline of
the big corporate R&D
labs affect your research?

| always try to work on

stuff at least a gener-
ation ahead of the labs; that's
where the fun is, where peo-
ple don't think it's possible. |
can guess where things are
headed, but people in acade-
mia can easily fool them-
selves into solving problems
that people don't have.

How do you deal with
intellectual property you
develop in a public-
university setting?

Any time that you have

IP and money at stake,
people complain. The EE/CS
department at Berkeley has a
culture of sharing, putting
everything in the public do-
main. We generally don't
patent things. There are good
arguments for doing this, but
there is also a good case to
be made for the reverse.

What about working with
venture capitalists?
If people had loaned
me money with no
strings attached, we'd be
worse off. | learned a lot of
painful lessons.

What changes would you
like to see in engineering
education?

I would like to see

some more basic, early
experiments in engineering.
We shove students through a
lot of math, basic physics, and
similar before they get to do
fun experiments. I'd like to run
a course based on a book
called something like “Danger-
ous Experiments in Electricity”
Doing cool stuff in a controlled
environment at the university
would be good for them.

—by Bill Schweber



SPECIAL ADVERTISING SECTION

Strange but true stories from the call logs of Analog Devices

Caveat Emptor!

Q. How do | make sense out of a data sheet?

A. With some dif-
ficulty. The ostensi-
ble purpose of a
data sheet is to
provide the user
and potential user
with the fullest pos-
sible information
about the functions
and technical char-
acteristics of the
device concerned.
But the realities
practically ensure
that there are too
many cooks con-
cocting these doc-
uments, producing spoiled broth indeed.

The IC designer who writes the first draft
wants to emphasize the genius of his or her
creation. The marketing manager wants to
stress competitive advantages while soft-
peddling any drawbacks. The test engineer
wants to minimize the time and cost of pro-
duction testing, and tries to remove all maxi-
ma and minima from the table of characteris-
tics, instead replacing them with “typical”
values. Corporation lawyers want to make
certain that potential (mis)users of the device
have no grounds for suing the Corporation.
Corporate communications wants the docu-
ment shrunk from 60 pages to four. And
applications engineers (ahem!) want the data
sheet so clear and simple that even a soft-
ware engineer can understand it and they
can sleep away their afternoons without the
applications enquiry phone ringing. The final
product is a “compromise”, and not always
as helpful as it could be. And because data
sheets are always produced in a hurry when
the product is ready for release they always
have some mistakes.

What's an engineer to do? First, know which
specifications are most important to your
application. If you don't know, consult design
guides or screw up your courage and ask
someone. Second, conduct parametric search-

es among manufac-
turers to find candi-
date devices. Third,
despite your misgiv-
ings, read the d***ed
data sheets. (I really
did once have some-
one call to ask how
many pins there are
on an 8 lead mini-DIP)

When reading data
sheets, at the very
least watch out for:

* "Vgq = Ves” on
better “[Vss| = Vy4q”
These are subtle
ways of saying that if
you supply the negative supply before the
positive, the device will destroy itself.

¢ Specifications which appear similar on
two data sheets but are not—such as small-
signal bandwidth versus full-power band-
width, or settling time to 1 Isb (12-bits) ver-
sus settling time to 1 percent.

e “Typical” versus maximum and minimum
specifications. The meaning of maximum
and minimum is clear and well-understood.
The meaning of typical is open to many
interpretations.

The “compromises” involved in meeting a
data sheet's conflicting requirements mean
that much more can be learned from a data
sheet than simply the overt facts and specifi-
cations. The website below analyzes these
things in considerable detail. It would be a
wonderful thing if the industry could agree on
a standardized format for data sheets and
they all told the truth, the whole truth, and
nothing but the truth. But I'm not holding my
breath until it happens. Caveat emptor!

To learn more about how
to read data sheets,
Go to:
http://rbi.ims.ca/4399-501

Contributing Writer
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Digital TV comes
with “India inside”

As HDTV in the United States
and Europe gains traction, de-
mand from consumer-elec-
tronics  manufacturers  for
tuner and set-top-box chip
sets is growing. Among the
key suppliers to this industry is
Broadcom. A number of lead-
ing television and set-top-
box manufacturers, including
Motorola (www.motorola.com),
Echostar (www.dishnetwork.
com), DirecTV (www.directv.
com), Sony (www.sony.com),
Pioneer  (www.pioneerelec
tronics.com), Tivo (www.tivo.
com), and Pace Micro Tech-
nology (www.pacemicro.com),
use Broadcom chip sets.

The company’s India devel-
opment center has contributed
to the design and develop-
ment of several SOC (system-
on-chip) designs for HDTV
set-top boxes. According to
Rajendra Kumar Khare, man-
aging director of Broadcom
India, his team was among the
first to develop MPEG-2 HD-
TV decoders. “The India center
has filed more than 130 US
patents, many of them related
to HDTV technologies,’ says
Khare.

Meanwhile, MindTree Con-
sulting (Bangalore) is design-
ing a digital PVR (personal-
video-recording) platform that
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can record and process HDTV
and digital-TV streams. Be-
cause HDTV programming oc-
cupies a lot of disk space, the
company is devising compres-
sion algorithms and building
applications for electronic pro-
gramming, detecting commer-
cials, pausing, and resuming

Wipro Technologies has
produced an HDTV receiver
board for digital and rear-
projection televisions.

PVR platform. “We are also
working on devices that can
convert from DVB-S to IP
[Internet Protocol] for IPTV ap-
plications;” says Janakiraman.

India’s embedded-system-
design leader, Wipro Tech-
nologies, has produced an
HDTV receiver board for digi-
tal TV and rear-projection TV.
An unnamed US manufacturer
commissioned the company to
design and develop a decoder
board that would receive and
decode the digital-broadcast
signals and pass them on to a
display board. Wipro created a
multichip, multiboard architec-
ture. Because the customer

supplied the display board, the
principal challenge was to im-
plement a board-control proto-
col that provided comprehen-
sive command and control se-
mantics for multiboard com-
munication. “We had to work
with multiple peripheral-chip-
set providers to integrate their
reference technologies onto
the production software—and
ensure that they worked
seamlessly, explains Narayan
Shenoy, group head of the
Consumer Electronics Group
at Wipro Technologies.
—by Chitra Giridhar,
EDN Asia
Broadcom, www.broad
com.com.
MindTree Consulting,
www.mindtree.com.
Wipro Technologies,
WWW.Wipro.com.

BITS AND PIECES

live video, says S Janakiraman,
the company’s president and
chief executive officer for R&D
services. The company is also
creating combination devices
that fuse a DVD player and a
set-top box and is working on
ultrawideband blocks that will
enable wireless recording from
an HDTV to a PVR device.
MindTree plans to add support
for BluRay-disk format in the

Members of two England-based engineering institutions,
the IEE (Institution of Electrical Engineers) and the IIE (Institution
of Incorporated Engineers), have established a new organization,
dubbed the IET (Institute of Engineering and Technology), which will
become effective early next year. For more, see www.edn.com/

051027p1.

South Korean cellular provider SK Telecom has rolled out a
digital smart-home service, with help from ZigBee-technology devel-
oper Ember, which it says will allow people to remotely control and
monitor their homes using cell phones and the Internet. For more,
see www.edn.com/051027p2.

Video-processing chip gets Ml approval

Hisense recently unveiled the Hiview digital-video media-processing chip, which successful-
ly passed authoritative appraisal by the MIl (Ministry of Information Industry). Hisense built
the chip on a 0.18-micron CMOS process. It integrates almost 2 million logic gates and
more than 7 million interior transistors. Hisense has been developing the chip over the last
four years at its ASIC-design center. The company’s Shanghai-based R&D team made the
tape-out chip, which involved an investment of about 30 million yuan (about $37 million).
Designers can use the product in various kinds of flat TVs, CRTs, and rear-projection TVs.

Hisense currently sells about 7 million TV sets per year. The company plans to use
Hiview for digital high-definition TVs, with an expected production capacity of 1 million
pieces this year. According to industry insiders, Hiview is not a pioneer product in China,
but it may become one of the first video-processing chips to be commercialized.

—by Yao Gang, EDN China
Hisense, www.hisense.com.
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BY BONNIE BAKER

Ease into the flexible CAN bus

hen you need to select a network protocol, there are
more choices than you may want. CAN (controller-
area network) is one choice if you have a wired net-
work. CANs have been around for more than 15 years.
Historically, this bus targeted the automotive industry,
because the bus provides predictable, error-free communications. Recent
falling prices of CAN-system technologies make CANs commodity
items. The CAN has expanded beyond automotive applications, migrat-

ing into systems such as industrial net-
works, medical equipment, railway sig-
naling, and building-service controls.
These applications use the CAN not
only for its lower prices, but also
because the communication you can
accomplish through this network is
robust, with a bit rate as high as 1 Mbps.

A CAN features a multimaster sys-
tem that broadcasts transmissions to all
system nodes. In this type of network,
each node filters unwanted messages. A
classic client/server network, such as
Ethernet, relies on network addressing
to deliver data to a single node. With
multiple nodes in an Ethernet network,
a star configuration implements cen-
tralized control (Figure 1). Although
you need fewer microcontrollers to per-
form the varied tasks in an Ethernet sys-
tem, the microcontrollers are usually
more complex, with higher pin counts.

In contrast, every node in a CAN
system receives the same data at the

MICROCONTROLLER

same time. By default, CAN is message-
based, rather than address-based. The
system integrates multiple nodes that
use distributed control. With this topol-
ogy, you can easily add or remove a
node with minimal software impact.
The CAN does require intelligence on
each node, but you can tailor the level
of intelligence to the task at that node.
Consequently, these individual con-
trollers are simpler, with lower pin
counts. In addition, the reliability of
the distributed-intelligence system is
higher, with fewer wires.

Ethernet also differs from CAN in
that Ethernet uses collision detection
at the end of each transmission. CAN,
on the other hand, uses collision recov-
ery. When a collision occurs between
two or more CAN nodes that transmit
at the same time, the nodes with the
lower priority messages detect the col-
lision. The lower priority nodes then
switch to a receiver and wait for the

0O om [

Figure 1 Multitask Ethernet-system networks employ a centralized topology (a).
Adding a node to this system requires significant microcontroller modifications.
With controller-area networks, using a distributed network means easily adding or
removing of nodes, with minimal changes to the firmware (b).
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next bus idle to again attempt trans-
mission. The winning transmitter con-
tinues sending its message as if nothing
happened. Therefore, response time to
collision correction is faster, because
the correction occurs at the beginning
of the message transmission. This struc-
ture prevents the destruction of high-
er priority messages.

The CAN specification, which
Robert Bosch GmbH wrote, is stan-
dardized by ISO (International Orga-
nization for Standardization, ISO
11898) and SAE (Society of Automo-
tive Engineers). This serial-communi-
cations protocol supports distributed
real-time control with a sophisticated
level of security. CAN’s time-proven
performance guarantees predictable,
error-free communications for safety-
conscious application. Through arbi-
tration, CAN prioritizes messages with
predictable latency times. The config-
uration is flexible at the hardware and
data-link layers, at which designers
modify transmission details. They do
this modification while keeping system-
wide data consistency.EDN

REFERENCES

@ Dammeyer, John, “Wireless CAN
yard-lamp control," Circuit Cellar,
August 20083, pg 12.

A Richards, Pat, “A physical-layer
discussion,” AN228, Microchip
Technology.

8 Warner, Will, “Making the CAN bus
a ‘can-do’ bus,” EDN, Aug 21, 2003,
pg 36, www.edn.com/article/
CA316057.

A Robert Bosch GmbH, CAN Spec-
ification 2.0, September 1991, www.
algonet.se/~staffann/developer/
can2spec.pdf.

AT EDN.COM >

Go to www.edn.com/051027bb and
click on Feedback Loop to post a com-
ment on this column.

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



TRANSITION T0 PADS.

IT'S AS EASY AS 3.14199269358...

PADS PCB Design Solutions

The Windows-based market standard.
“-
W‘ made switching to‘ADS easier than you might imagine. With the new library and database translators,
you Qieasily mal‘the jump to PADS from any PCB design tool (PCAD, OrCAD, Protel, and CADSTAR). You’ll
not o

-

have our integrated design flow and scalable design solution, you’ll have Mentor’s award-winning

customer support backing you up. Try PADS now and get 30 days free on-line training. To find out more, call us

. at 800.547.3000 or vat us online at www.mentor.com/pads.
E Menlor
Graphics

-

©2005Men%6raphicf‘ ion. All Rights F . Mentor ics is a regi trademark of Mentor ics C ion. All other and/or product names are the i of their respective owners.
e s




40 EDN |

BY RON MANCINI

ANALOG ANGLE W ,

Anatomy of a voltage-
feedback op amp

ne of the most common requests I get from engineers is

for a comparison of voltage-feedback op amps and cur-

rent-feedback op amps. It is impossible to determine

which one better suits a given application without

explaining how each op amp functions. Here, I tackle the
voltage-feedback op amp (Figure 1).

Precision and CMR (common-mode rejection) are the voltage-feed-

back op amp’s strong points, but its slew rate and frequency performance

are subpar compared with those of a
current-feedback op amp.

In Figure 1, the long-tailed pair, Q -
Q,, and the current source, I, form the
input stage of the voltage-feedback op
amp. Perfect matching of Q, and Q,
causes equal collector currents when
the base voltages are equal. Another
way to appreciate this matching is to
realize that grounding the base of Q,
effectively puts the base of Q, at ground
because the voltage drops are equal.
The semiconductor process matches
the input transistors the best it can.
When that matching is inadequate, the
manufacturer employs other means of
making the transistors appear matched,
such as trimming deposited resistors or
blowing links.

Connecting IN— to IN+ eliminates
the input differential voltage; thus, the
input voltage becomes common-
mode. Moving the common-mode
input voltage up or down 1V does not
change the collector currents in Q, and
Q,, so the circuit rejects the common-
mode voltage. The common-mode-
voltage rejection is complete as long as
you don’t violate the collector- or emit-
ter-current source compliance.

Matching Q, and Q, ensures that the
base-emitter voltages and current
gains, {3, are equal. An equal base-emit-
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ter voltage ensures that no input-offset
voltage exists, and equal current gains
ensure that the input currents are equal.
Equal input currents eliminate the
input-offset current, so you can employ
external resistors to turn input current
into common-mode voltage that the op
amp easily rejects. The voltage-feed-
back op amp’s precision stems from its
matched input stage.

The voltage-feedback op amp is a
voltage-gain device; hence, it has high-

impedance nodes, such as those at the
collectors of the various transistors.
Coupling high-impedance nodes with
the slightest stray capacitance causes
early frequency roll-off and poor high-
frequency performance. Furthermore,
the node driving the buffer limits the
circuit’s slew rate. The prebuffer-stage
slew-rate equation is dV/dT=I/C. The
output-current source fixes I, and the
junction capacitance fixes C, so the
internal design of a voltage-feedback op
amp limits its slew rate. This type of cir-
cuit has limited slew-rate performance
unless you can design the circuit to
enhance its slew-rate performance. But
enhanced slew rate always comes at the
costs of increased power and often
decreased gain and precision.

In general, the voltage-feedback op
amp has excellent precision and CMR
coupled with mediocre frequency and
slew-rate performance.EDN

Ron Mancini is a staff scientist at Texas
Instruments. You can reach him at 1-352-

569-9401 , rmancini@ti.com.
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Figure 1 A voltage-feedback op amp uses a long-tailed pair to obtain precision and

common-mode rejection.
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Miniature Solutions for Voltage Isolation

By Geoff Jones - Marketing Manager

The hot growth in distributed-power architecture has
fueled the development of miniature low-power (<2-W)
DC/DC converters. As their name implies, these devices
minimize the impact of the converter onboard space. They
provide point-of-use isolated power conversion for analog
circuitry in industrial applications and safety-critical
applications such as telecommunications and medical
equipment. Additionally, miniature DC/DC converters
benefit designers who need galvanically isolated output
power or noise reduction in analog circuitry.

In most modern noise-sensitive circuitry, system designers
often have a small number of components that require
total isolation from their input power supply. It is necessary
to isolate the load and noise presented to the local power-
supply rails from the main-supply rails of the entire system.
Mixed-signal integrated circuit (IC) design, for example,
frequently leads to nonfunctional devices because of noise
problems. Large amounts of digital noise combined with
sensitive analog circuitry often results in interference
noise.!

Miniature DC/DC converters with galvanic isolation offer
very low output noise and high accuracy. Galvanic isolation
helps to reduce system noise by providing a floating
ground on the secondary side of the converter.2 The input-
to-output isolation can then be used to provide a simple,
isolated-output power source; or, it could be used to generate
different voltage rails, dual-polarity rails, and/or nonstandard
voltages. Also, as a noise reduction technique in analog
circuitry, the isolation barrier prevents noise from the digital
ground bus from affecting the sensitive analog circuits.
The standard brick-type converter is not well suited for this
requirement. In addition to its higher cost, the brick's
output power is overkill for applications requiring <2 W.
What's more, the installed size of a brick is often prohibitive.
Designers require miniaturization to save valuable board
real estate. Because they are significantly smaller than
even the new sixteenth-brick format (0.29 in2 vs. 1.17 in2),
miniature DC/DC converters are particularly suited to
generating onboard voltages in space-constrained designs.
So why not “roll your own” DC/DC power supply? Discrete
component onboard converter designs are a low-cost
alternative to bricks and off-the-shelf miniature DC/DC
converters. However, fewer designers are developing
discrete designs because of their disadvantages. Extra
functionality, such as device protection and module-to-
module synchronization, are difficult to implement; reliability
is often poor; and achieving a small-sized power supply is
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difficult. In addition, many designers of higher-level
products—of which the DC/DC converters are only one
component—lack the time to become expert enough in
converter design to build their own devices. As a result of
these challenges, more and more designers are specifying
miniature DC/DC converters for their applications. The
converters offer significantly lower risk, much faster time
to market, and development-cost savings.

Besides their advantages over bricks and discrete designs,
miniature DC/DC converters also provide a compact-sized
power solution for point-of-load (POL) power conversion.
POL converters enable designers to overcome the
challenges caused by the high peak-current demands and
low-noise margins of the latest high-performance
semiconductor devices. The converters can be placed close
to their loads. This minimizes losses caused by voltage
drops, helps overcome noise sensitivity and EMI emission
issues, and ensures tight regulation under dynamic load
conditions.

What'’s available?

Miniature DC/DC converters offered by C&D Technologies,
Texas Instruments, Wall Industries, and others benefit
designers who require isolation and output current in the
20- to 500-mA range. The converters are available with 5-,
12-, 15-, or 24-V inputs. Single-output converters are
available with voltages from 3.3 to 24 VDC. Dual-output
converters with voltages from +3.3 to +24 VDC are also
available. Miniature DC/DC converters offer regulated or
unregulated outputs with input-to-output isolation ratings
of 1000, 1500, or 3000 VDC. Operating temperature extends
from —40°C to +100°C. Due to their high switching frequencies
(up to 400 MHz), the converters deliver efficiencies of up to 85%.

Applications 4



Built-in features

For system designers seeking to implement miniature
DC/DC converters, the devices offer various built-in features
that ease system integration and simplify design. Many of
the available products incorporate thermal and short-circuit
protection and internal filtering. Some of the more
advanced converters allow device-to-device synchronization.
If an application uses more than one converter on a PC
board, beat frequencies and other electrical interference
can be generated. DCP010512B and DCR010505 converters
(Figure 1) overcome this problem with a built-in synchronization
control that allows multiple converters to be synchronized
to one another. The feature makes it easy for designers to
synchronize up to eight devices by connecting the SYNCy
pins together. This eliminates electrical interference caused
by variations in switching frequencies.

Figure 1. Self-synchronizing DC/DC converters in
distributed-power application

+5v| DCP010512B

Isolated
+12V 1/0 Modules

— SYNC\y Support
Op Amp, ADC,
Create +12-V/1-W DAC, MCU, etc.
Output with
1000-V i
1
ey 1
o | pov, :
ﬂ Supply i
+5V
DCR010505
Wi Nonisolated
-5 1/0 Modules
— SYNCjy Support
Op Amp, ADC,
DAC, MCU, etc.

Create Isolated
S V] _5v/1-W Output
from +5-V Input

Construction

Today’s DC/DC converter technologies continue to focus on
higher densities and efficiencies as well as on smaller
packages. One of the more innovative converters is
manufactured with the same technology as standard IC
packages, including dual-in-line (DIL) and small-outline
(SO) styles (Figure 2). They use an IC lead-frame as the

Figure 2. Miniature isolated
DC/DC converter in standard
IC package

Figure 3. IC lead-frame

medium to interconnect silicon devices and magnetic
components within the IC package (Figure 3). The result is
an isolated DC/DC converter that provides high reliability,
excellent thermal management, small size, and compatibility
with standard board-assembly processes. The standard IC
format also allows tape-and-reel assembly, which helps
reduce manufacturing costs.

Different configurations
The galvanic isolation of the output from a miniature DC/DC

converter allows nonstandard voltage rails to be generated
by connecting multiple converters in series. This is
accomplished by simply connecting the positive output of
one converter to the negative output of another. This
configuration allows a wide variety of voltage variations to
be produced. The outputs on some dual-output converters
can also be connected in series to provide two times the
magnitude of output voltage. Figure 4 shows a dual +15-V
converter connected to provide a 30-V rail.3 Multiple
converters connected in parallel often provide a suitable
solution for cases where a single converter is unable to
deliver the required output power. When parallel connection
is used, it is always a good design practice to use parallel
converters of the same type. Figure 5 shows two converters
connected in parallel.2

Figure 4. Connecting dual-output converters in series
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Figure 5. Connecting multiple DC/DC converters in parallel
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For the complete article and additional design solutions, please visit:
www.ti.com/aaj-jones
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For a hands-on perspective on
video over the Internet, visit www.
edn.com/article/CA6250012.

Network delivery

Windows-driven low-power PC-like design delivers
video over the Internet, but content will gate success.

kimbo is the first true
consumer product that
delivers a PVR (per-
sonal-video-recorder)-
like experience, albeit
with content through
a broadband Internet connection (see
“Video over the Internet: Services and

42 EDN |

devices move closer to living-room
convenience,” EDN, Sept 1, 2005, pg
35). The product performed well, but
the choice of content may limit its
success. This Prying Eyes focuses on
what makes Akimbo go. Surprisingly,
the design relies on off-the-shelf com-
ponents and Windows rather than an
SOC (system on chip) and low-cost
embedded software.

You would think that an SOC for video
decoding would lie at the heart of the
Akimbo PVR. Such a chip would gener-
ally offer better performance in power
per watt and potentially lower cost than
a processor and chip set from the PC
market. But Akimbo based its design on
a 733-MHz Celeron processor and the
Intel 815 core-logic chip with an
embedded graphics controller. A stan-
dard PC-centric DIMM provides 64
Mbytes of memory.

Cooling is obviously a key issue in the
living-room-centric Akimbo design.
Moreover, consumers don't like noisy
fans in their living rooms. So, Akimbo
relies primarily on large heat sinks on
the Celeron processor, the graphics
chip, and the Focus FS453 video-scan
converter that drives the TV output. A
small fan on the side of the main pc
board moves air laterally through the
box and across the board and heat
sinks. But no fans are on the chips, as
they are in PCs.

The Akimbo user

interface offers no

clue that Windows lurks

underneath. You might

expect that the device would

use some royalty-free operating system,
because price is a key factor in the suc-
cess of a product such as Akimbo, and
Microsoft isn't license-friendly. But the
Akimbo carries a small “powered by
Windows XP" label, and Microsoft's
Web site states that the design can run
either Windows CE 5.0 or Windows XP
Embedded. According to Microsoft, the
user interface relies on Direct Draw, and
the video display relies on Direct Show.
The device transmits and stores video in
the MPEG-4 format with Microsoft's
DRM (digital-rights-management) sys-
tem, which restricts viewing of the con-
tent to only the Akimbo to which it's
delivered.
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Other ICs in the Akimbo
design include the ITE Tech IT8712
Super I/0, the Winbond 39V040 4-
Mbyte flash, the ICS 9248 clock synthe-
sizer, the Realtek RTL8101L Fast
Ethernet, the Realtek ALC850 audio
codec, and the Intel 82801 1/0O-controller
chips. The ITE chip integrates a host of
functions, such as a floppy-disk controller
and parallel port, that the Akimbo design
lacks. But the chip also includes an
infrared remote-control interface, so that's
likely why it is present. The remainder of
the chips match the Akimbo feature set.
Despite its PC legacy, the power needs
of the Akimbo design pale in comparison
to those of state-of-the-art PCs. Akimbo
relies on an open-frame supply with 5 and
12V outputs.EDN
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Intersil Battery Charger ICs

Intersil High Performance Analog

Unshackle Your
Handheld Device
From Its Cradle

Intersil’'s ISL6299 is a fully integrated low-cost Li-ion
or Li-polymer battery charger that accepts both USB
port and desktop cradle charger.

The I1SL6299 is a low component count solution that features
programmable cradle charge current, charge indication, adapter
present indication, and programmable end-of-charge (EOC) current
with latch. All these advanced features, along with Intersil's Therma-
guard™ technology for an added measure of thermal protection, are
delivered in this single chip available in a tiny 3x3 mm DFN package.

ISL6299 System

ISL6299 Key Features:

~ Dual-Input charger for single-cell Li-ion/
Cradle input. The max input voltage tolerance is 28V. Programmable P .g 9
charge current up to 1A and programmable end of charge current. The Polymer Batteries for Cradle and USB
included end of charge latch is the default input source. — Low Component Count

~— Integrated Pass Element
USB input. Takes input from USB port or other low voltage supply. Fixed .
charge current at typically 380mA. Only charges when cradle source is — Fixed 380mA USB Charge Current

i =S IEECS — Programmable Cradle Charge Current
~— Charge Current Thermaguard™ for
o ) Thermal Protection
Programmable end of charge optimizes Fast-charging rates of an AC )
end-customer applications. High input adaptor for when you have ~— 28V Maximum Voltage for the Cradle Input
voltage tolerance protects the device when access to cradle.

. . ~— Charge and Adapter Presence Indicators
used with low cost unregulated supplies or
in under input transient conditions.

~— Less than 0.5pA Leakage Current off the
Battery when No Input Power Attached

~— Programmable end-of-charge current with
latch for Cradle Input

~— No External Blocking Diode Required

~— Pb-Free Plus Anneal Available
(RoHS Compliant)

Datasheet, eval kit with USB
interface, free samples, and

, more information available at
Sync-up and fuel-up directly from your . .
laptop with convenient USB charger. www.intersil.com @

28V tolerant cradle with
overvoltage protection.

— ®
Intersil — Switching Regulators for precise power delivery. MSI l ®

©2005 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation HIGH PERFORMANCE ANALOG
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design).




“BY MARGERY CONNER

- ENERGY
'HARVESTERS
extract power from

TECHNICAL EDITOR

- light, vibrations

HARVESTING AMBIENT ENERGY FROM
LIGHT OR VIBRATIONAL SOURCES CAN

FREE POWER-MISERLY DESIGNS FROM

TRADITIONAL POWER LINES AND BATTERIES

any systems, such as tiny wireless-networked sensor
nodes and low-cost calculators for the consumer mar-
ket, have severely constrained power sources resulting
from remote location, cost considerations, portability
requirements, or other factors. In addition, the move
toward wireless communications, which obsoletes
many system cables, makes designers want to further
untether systems from power cords and recharge units using energy har-
vesters. These small devices convert the freely available energy inher-
ent in most operating environments into conditioned electrical power.
The most common energy harvesters are based on small solar cells or
electromagnetic devices that convert mechanical vibrations.

Energy harvesters also find use in environments that have ready access
to power lines, such as factory floors. Roy Freeland, chief executive offi-
cer of energy-harvester vendor Perpetuum, points out that initial instal-
lation can be a significant portion of system costs for networked machin-
ery monitors. “The cost of taking that factory power and wiring it up to
the sensor and transmitter accounts for about 80% of the cost of installing
condition-monitoring equipment.” In contrast, the installation of self-con-
tained power units with magnetic holders involves only walking up to a
machine and snapping the unit in place.

Batteries also can free a system from a
power cord but at the cost of limiting the
system’s service-free life. After two years
of usage, a vibrational energy harvester is
a superior source to a lithium battery
(Figure 1, Reference 1). If your appli-
cation’s lifetime is 10 years or longer, a
vibrational or a solar source is superior to
any battery technology. Labor costs can
add a prohibitive premium to the system’s
lifetime-ownership cost, so just changing
the battery is not an option.

On the downside, systems relying on
harvested energy must operate on a bare
minimum of power. Wolfgang Heller,
PhD, product-line manager for wireless-
sensor manufacturer EnOcean, cautions
against trying to design a wireless-sensor
network separately from the power
source. “We've had discussions with cus-
tomers who have their own radio and
want to buy just the energy harvester. It
always turns out that the radio they have
consumes 100 or 1000 times more ener-
gy per bit transmitted than our design. It’s
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AT A GLANCE
Tiny solar panels are the most
common energy harvesters.

B Piezoelectric and thermal-gradient
technologies will become more com-
mon in the next year.

Only systems with ultralow-power
appetites can survive on harvested
energy.

not feasible to use these tiny energy har-
vesters with any other radio.”

EnOcean offers network nodes that can
receive power from several types of ener-
gy harvesters, including light-switch
actuators, linear-motion converters,
mechanical vibration, thermal gradients,
and the sun. EnOcean’s PTM 200 light-
switch actuator integrates a relay with a
magnet and a coil, so that moving the
switch to turn the light on or off changes
the flux through the coil, generating a
voltage (Figure 2). The switch module
wirelessly transmits the on/off command
to the room light. This information is use-
ful in a smart building (Reference 2). It
also can drastically reduce the wiring
labor costs for a building. When the room
lights are all under a local wireless net-
work, installing them does not require an
electrician. Thermal-gradient-powered

devices are candidates for industrial appli-
cations in which the production process-
es produce heat. Thermal-powered har-
vesters should become commercially
available within six months.

OFF THE GRID

EnOcean also makes solar-powered
STM100 network nodes (Figure 3). The
modules have a two-section solar cell; one
section is larger than the other. The
smaller section charges a small capacitor
that powers the sensor and RF circuitry
during quick-start/wake-up mode. The
larger section charges an ultracapacitor
that powers the system during periods of
darkness. Says Heller, “If we had only one

solar-cell section, it would take hours to
start up because the ultracapacitor needs
more time to achieve the necessary volt-
age level. So, we power the quick-start
mode with the smaller part of the solar
cell, and then we achieve several days of
operation in darkness.”

EnOcean’s solar-powered modules use
a polycrystalline solar cell. Polycrystalline
cells convert solar energy to electric
power at an efficiency of 11 to 16% and
are familiar sights on residential and
industrial off-the-grid solar-panel systems.
Another popular type of solar cell is amor-
phous silicon, but its efficiency is only
8%, or about half that of polycrystalline.
Besides being less efficient, amorphous-
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Figure 1 Although lithium batteries can supply small amounts of current for years, a
solar-cell or mechanical-vibration energy harvester has a virtually unlimited lifetime.

SOLAR-POWERED CALCULATORS OFFER
GUIDELINES FOR LOW-POWER DESIGN

Solar-powered calculators | words. “The name of the !

have been available for
more than 30 years, and
they serve as excellent
design examples for
ultralow-power portable
devices operating on har-
vested energy. Russ
Rosenquist, senior
designer for calculator
products at Texas Instru-
ments, offers these de-
sign tips for power-con-
strained, processor-based
systems:

® Use a processor with
very long instruction

46 EDN |

i game is to do as much

work as possible in every
clock cycle. Using very
ong instructions with
parallel paths gets more
work done in a clock
cycle”

® Use process technol-
ogy with very low leak-
age, so that each clock
cycle draws the minimum
energy.

o “Extend the clock gat-
ng within the processor:
When an instruction is not

OCTOBER 27, 2005

off local clocking signals,

i so that nodes in that part
i of the chip don’t toggle
i unnecessarily”

® Choose the right

architecture for math-in-

| tensive systems. Calcula-
i tions can be in pure bina-
i ry form with a hexa-
decimal basis or in BCD

i (binary-coded decimal).
BCD is more efficient in

i computing cycles and,

{ thus, power.

® Use both the rising

and the falling edges of
using part of the chip, turn ;

the clock cycle. “Today’s

i design tools stress that

{ you use synchronous-de-

i sign techniques, which im-
i plies that you use only
one edge of the clock: the
i rising edge. But, with cal-

{ culator design, if you can

i do any work on the falling
i edge, you do it” Focus on
minimizing the number of
i cycles it takes to complete
| the calculation. “When

i you do that, you operate

i the processor at a lower
frequency and still get the
i answer in a reasonable

i amount of time”
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silicon cells’ conversion effi-
ciency degrades 15 to 35% per
year in direct sunlight. Despite
these significant drawbacks,
amorphous cells are popular
because they cost about an order
of magnitude less than poly-
crystalline cells—a significant
advantage in high-volume con-
sumer electronics. For example,
a typical 55X 11-mm polycrys-
talline cell costs about $3 com-
pared with less than 25 cents for
an amorphous-silicon cell. One
solar-powered electronic device
that uses amorphous-silicon
cells is the ubiquitous solar-pow-
ered calculator, such as that
from Texas Instruments.

Russ  Rosenquist,  senior
designer for calculator products
at Texas Instruments, breaks
solar-cell selection into how much power
a system requires based on its computa-
tional power and display needs and what
size solar cell will generate that power in
the expected operating environment.
Two typical environments for calculator
use are classrooms, which usually have
fluorescent lighting, and hotel rooms,
which usually have dimmable, incandes-
cent lighting. “We try to design to oper-
ate at the lowest light levels you can pos-
sibly find in the workplace or school,” says
Rosenquist. “There is a limit: There are
places where people can see the display
of the calculator, but there’s not enough
energy with that light level to actually run
the product. We normally design down to
light levels of 50 to 75 lux. At that level,
you can see pretty well; it’s not so dark
that you can’t see things across the room.
That’s the lowest level we’ve been able to
achieve with the amorphous panel at a
size that’s appropriate for our calculator
footprint.” Another benchmark for what
to expect in a well-lit environment is that
most school classrooms in the United
States have lighting levels of 200 to 500
lux. “Classrooms are well-lit environ-
ments,” he says.

In addition to the lower cost, one of the
advantages of an amorphous-silicon cell
is that it’s more efficient than a polycrys-
talline cell under fluorescent and incan-
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Figure 2 EnOcean’s batteryless, 40X40X11.2-mm PTM
200 switch module harvests enough energy to power
remote control of light switches within buildings. The actu-
ating force is 5N over 1.5 mm.

descent lighting. Amorphous-silicon
cells respond differently to different wave-
lengths, says Rosenquist. “You get more
power out of 50 lux of incandescent than
50 lux of fluorescent—roughly 25%
more,” he says.

Rosenquist also notes that users can
sometimes employ a calculator in bright
sunshine. In typical room lighting, the

Figure 3 The solar cell that powers
EnOcean’s STM100 network-transmitter
node has two sections: The square area
on the left charges a conventional capaci-
tor, and the larger area on the right
charges an ultracapacitor.

solar cell generates less than 1.5V,
and in bright sunshine, it may gen-
erate much more than 2V. “We put
an LED in parallel with the cell, so
that, when you're in very bright
light, the LED starts to sink a lot of
the extra current and hold that volt-
age at 1.5V,” he says. The LED
becomes a simple, inexpensive
voltage clamp.

As with most of the design engi-
neers working with harvested-ener-
gy sources, designing your overall
system to be miserly with power is
just as important as selecting an
energy source (see sidebar “Solar-
powered calculators offer guidelines
for low-power design”). (For more
on ultralow-power-system design,
see Reference 3.)

GOOD VIBRATIONS

Not all operating environments have
reliable, constant light. For example,
machinery-monitoring sensors may not
have reliable light but have plentiful
vibrational energy. Vibrational-energy
harvesters can be either electromechan-
ical or piezoelectric; electromechanical
harvesters are more common. Perpetu-
um’s Freeland says the company originally
pursued piezoelectric technology but
eventually concluded that it simply did
not generate enough power at the ampli-
tude and frequency of vibrations in
machines and buildings. Instead, Per-
petuum turned to electromagnetics,
including coils, magnets, and a resonant
beam, and designed a generator that
could produce significant amounts of
electricity from readily available vibra-
tions. “These are vibrations from typical
machinery, or even a domestic refrigera-
tor: around 50 Hz in Europe, 60 Hz in the
United States, or 100 to 120 Hz. At these
frequencies, if you've got 0.5 to 0.1g, then
you are generating enough to power elec-
tronic circuits.” The module includes a
power-conditioning circuit that pro-
duces 3 or 3.3V dc from the generator’s
initial ac power. Current depends on the
strength  of the vibrations but,
for typical machinery, can be approxi-
mately 1- to 3-mW power generation.

Freeland describes a wireless-sensor sys-
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For more on mind-boggling BCD
(binary-coded-decimal) math, go to
www.edn.com/article/CA6254628.

For information on adding and
subtracting unsigned BCD, go to
www.edn.com/article/CA6258681.

tem that one of Perpetuum’s customers
designed. “The device included a tem-
perature and a humidity sensor and trans-
mitted twice a second. Typically, a trans-
mitter needs about 30 mW, but the device
transmits for only tens of milliseconds,
and there is normally a capacitor in the
circuit that is charged up and that then
discharges to drive the transmission,
which is the heaviest power require-
ment.” Perpetuum’s generator costs $30
(volume quantities).

Ferro Solutions also makes vibrational
generators. The company based its initial
product on electromagnetic technology
but has recently patented and produced
a piezoelectric version that amplifies the
piezoelectric-bender (a strip of flexible,
piezoelectric material) magnetostrictive
component, which changes shape based
on a magnetic field. The price is approx-
imately $30.Epn
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Meet Different Ne

with NAND and NOR

sy Richard A. Quinnell

OR THE LAST FEW YEARS THE MEDIA has debated

which Flash memory technology, NAND or NOR, will

emerge as the market winner. This discussion implies

that the different Flash technologies are essentially
interchangeable in applications, making
the two direct competitors for design
wins. The reality is, the two technolo-
gies address different needs.

THE TWO MAIN FLASH
MEMURY TECHNULUGIES; associated with Flash’s need to erase a cell

These two structures result in differing attributes for the
memory devices. The NOR Flash offers fast read access because
its memory cells have relatively low resistance. Further, it follows
conventional memory architectures, so its behavior in a system
mimics that of SRAM, making it easy to
design in. File storage and retrieval requires
only minimal software, most of which is

Understanding the differences be-  NAND AND NUR’ ARE DFTEN before writing to it.

tween the technologies begins with their
names. The original approach to Flash VIEWED As CDMPETITURS NOR reads fast, writes slow

memory followed the structure of other
semiconductor memories, which achieve
random access by connecting the
memory transistors to the bit lines in
parallel. Each transistor has a word line
and a bit line connection. In this arrangement, if the word line
turns on any memory transistor, the transistor connects drain
to source and the corresponding bit line goes low. The logic
function is similar to that of a “wired NOR”, hence the name
NOR for this arrangement.

In 1987, Toshiba proposed the NAND Flash, and its cell
structure is arranged as eight memory transistors in series. The
transistors are normally on, connecting drain to source through
the series and keeping the bit line low. If the word line turns off
any memory transistor, the transistor breaks the series connec-
tion and the bit line goes high. The logic function is similar to
that of a NAND gate.

NAND vs. NOR Performance Comparison

BUT EACH ADDRESSES A
DIFFERENT APPLICATION
REQUIREMENT.

NAND
SLC

NAND
MLC

NOR
MLC

Read Program

27MB/s 8.3MB/s

3.2MB/s

20.5MB/s

61.5MB/s.

Erase
Currently Available Toshiba Flash Densities
Flash Type I Density ~ Organization ~ Page Size

256Mb  32M X8 528 bytes
Slow NAND | 160 128M X8 2112 bytes
26h 256M X8 2112 bytes
16Mb  2Mx8/ 1Mx16
NOR 32Mb  4Mx8/2Mx16

125 | 64Mb  8Mx8/4Mx16

128Mb 16Mx8/ 8Mx16

Figure 1. NAND and NOR Flash architectures have different performance
characteristics, with NOR having the edge in read speed while NAND
offers faster write and erase.

SOURCE: TOSHIBA

The drawback of the NOR arrangement is
that writing to cells must be done individu-
ally. Writing can take many microseconds
each time it is performed. As a result, writ-
ing blocks of data to a NOR Flash takes a
relatively long time because you cannot program a large number
of bits simultaneously.

The NOR Flash also has the disadvantage that its memory
cell is larger than that of the NAND Flash. Because each tran-
sistor has its own connection to the bit line, the cell requires
more metal-layer contacts, making the transistors occupy
more die area than in NAND cells, which connect in series in
silicon. Because metal-layer connections are the limiting
factor in scaling, the NOR Flash always lags NAND Flash in
achievable bit density.

The NAND Flash structure allows a page of data to be
programmed simultaneously. A page size is typically 2,112 Bytes
or 16,896 bits. This greatly speeds write times. On the other
hand, the higher resistance of a series connection, compared to
the parallel connection used in NOR Flash, means that the
NAND bit lines are relatively slow to change state, limiting read
access speeds. (See Figure 1.)

But NAND Flash does not offer a conventional memory
interface. Controlling a NAND Flash is similar to controlling an
I/0 device in that device control is achieved by writing to the
NAND Flash's internal registers. A command sequence is
required in order to perform a read, program, or erase operation.
An advantage of this indirect interface is that it enables migra-
tion to higher chip densities with no change in pinout.

NAND writes fast, reads slower
Block access also makes NAND Flash unsuitable for truly
random access use, such as execution in place (XIP) of program
code. If NAND Flash is used for code storage, the system needs
to copy the code to RAM in order to execute the code. NOR
Flash allows XIP.

A major advantage of NAND Flash, beyond erase and write
speed improvements, is that the NAND Flash cell structure uses
less die area per bit, This allows a higher bit density for a given

fabrication process and a lower cost per bit for NAND Flash as
compared to NOR Flash.

These relative advantages and limitations make NAND
and NOR Flash architectures suited to different applications.
NOR Flash performs better than NAND Flash in code storage
applications, where read speed is the most critical parameter.
Further, NOR’s ability to support XIP means that no addi-
tional memory needs to be involved in order to run the stored
code. Code storage typically does not require the highest
density memory, so the cell size restrictions are not signifi-
cant in this application.

NAND Flash performs best in data storage applications.
It was originally developed to function like and replace
magnetic storage, such as disk drives. In data storage, write
speed is the most important performance parameter, so the
speed advantage of NAND Flash makes it the best architec-
ture for data storage. Read speed is a secondary concern in
data storage, although it should be at least as fast as the write
speed. The read speed of any Flash memory is greater than its
write speed, however, so the performance of NAND Flash
meets the read requirements of data storage, as well.

Capacity, however, is a critical concern in data storage.
Data storage can require thousands of times the capacity
needed for code storage. As a result, both total capacity and
cost per bit become important for data storage needs. The
smaller cell size of NAND Flash further points to this archi-
tecture as the best choice for data storage.

Flash types fit different applications
The differing application strengths for Flash architectures thus
allows for both NOR and NAND to co-exist in the market, and
even in the same design. In a cell phone, for example, NOR Flash
can serve as code storage where the memory’s XIP capability
eliminates any need for shadow RAM. NAND Flash can serve as
data storage for large memory files such as photos and video.
The situation may eventually change, however. NOR
Flash is increasing in density and in write speed with each

TOSHIBA

process generation. Although NOR will never catch up to
NAND, these density increases allow NOR to stay ahead of
increasing storage requirements in smaller applications. For
those applications, NOR’s design simplicity gives it a cost
advantage over NAND Flash.

NAND Flash, on the other hand, continues to lead in
cost, density, and write performance. The existence of a

powerful NAND Flash controller
ADDITIONAL

is making design-in easier, so for
INFO

larger applications NAND Flash
becomes the lower cost option. »» To learn more about Flash

The largest single market memory visit www.edn.com/
for Flash memory is the cell NANDfiashmemory
phone, and high-end cell phones For more information on
are using ever faster processors. ¥ Toshiba's NOR and NAND Flash
go to www.toshiba.com

These processors are beginning
to force use of shadow RAM for
code storage regardless of the Flash in use because no Flash
technology is keeping pace with high-end processor read
speeds. In addition, high-end cell phones are increasing their
need for data storage to provide feature convenience. The
addition of cameras, movies, MP3 audio, gaming, and
Internet access to phones requires significant amounts of
low-cost storage.

These trends are affecting the sweet spot for Flash
memory. The high performance applications are beginning to
favor NAND Flash for both code and data storage. NOR will
still have a home in low-performance code storage, however,
so both architectures will continue to co-exist in the market.
All that remains uncertain is when the high-volume markets
will switch to NAND alone. B

ABOUT THE EDITOR: Richard A. Quinnell was an
embedded systems designer for 15 years before turning ro
technology journalism. He was a staff writer for EDN for 10
years and is now a contributing editor and freelance writer

Jor a number of high-tech publications.
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BY WARREN WEBB < TECHNICAL EDITOR

Embedded-
|
LOW-COST DEVELOPMENT
KITS PROVIDE DESIGN TEAMS
WITH READY-MADE TOOLS TO

O BATTLE GROWING SOFTWARE

COMPLEXITY AND SHRINKING
PROJECT SCHEDULES.

IS

s customers’ performance expecta-
tions skyrocket, embedded-system
designers must at least consider
updating processor and communica-
tions technologies for each new proj-
ect. Yet, the problem with system
revisions is the significant learning
curve necessary for becoming profi-
cient with a new architecture and
associated development tools. It often takes months to
uncover all of the nuances and fine details of a new tool set.
To address these problems, most board- and silicon-level
vendors offer low-cost evaluation or development kits that
quickly demonstrate product performance and ease the tran-
sition to new hardware and software.

The contents of a design-support or -evaluation kit vary
depending on the featured product and the marketing
approach the vendor adopts. Hardware ranges from a simple
peripheral module that you can plug into your design to a

stand-alone embedded system with processor,

~

memory, peripherals, programmer, and bread-
boarding area to test your application circuitry. Some ven-
dors simply provide a reference design that may or may not
be available as a physical product. Software offerings include
drivers for unique silicon all the way up to a complete devel-
opment environment for processor products. Some vendors
assume that you have access to a compiler or provide limited
trial versions. Many processor and single-board-computer
vendors include configured, open-source software, such as
the Linux operating system, to jump-start the development
process.

S
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AT A GLANCE

Developers are tempted to
upgrade processors and their related
tool sets on each new project to
benefit from faster, lower cost silicon.

Silicon and board vendors use

development kits to attract new cus-
tomers and steer existing customers
to their next generation of products.

A common graphical integrated
development environment allows
designers to move to new tools with
a shortened learning curve.

B Designers may need to replace
low-cost evaluation boards with high-
er cost development tools to gain full
access to all product features.

With remote access and dedicat-
ed development hardware, designers
can evaluate products and develop
software using their Internet browsers.

Development kits are major marketing
vehicles for many vendors to capture new
customers and steer existing customers to
the next generation of in-house products.
Michael O’Donnell, a marketing manag-
er in Freescale’s Developer Technology
Organization, says, “Freescale delivers
40,000 to 50,000 evaluation or demon-
stration boards and reference designs
annually to make it easier for our cus-
tomers to step into our silicon. There’s a
fairly common set of tools around those
boards available directly from Freescale
using the CodeWarrior brand of tools or
from our third-party ecosystem. There are
increasing performance requirements in
the marketplace that result in dramati-
cally more complex silicon designs. Our
goal is to make those complex designs
easy for customers to adapt to, and that
is the reason for focusing on reference
designs and evaluation platforms that
have a common layer of software, or appli-
cation-programming interface, across all
of our architecture families.”

COMMON INTERFACE

To reduce the learning curve, several
vendors provide work-alike products with
a common IDE (integrated development
environment). IDEs provide instant ac-
cess to a compiler, an assembler, a proj-
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interface to a range of
tools for software devel-
opment, including mod-
eling, language develop-
ment, testing, and per-
formance evaluation (Fig-
ure 1). Similarly, Microchip Technology
provides users a proprietary MPlab IDE
that works with all of the vendor’s PIC-
micro processors. You can download the
IDE without charge from the Microchip
Web site. The most common equipment
setup for product assessment and devel-
opment is to load the IDE software onto
a desktop host PC with some type of com-
munications channel to a prototype or an
evaluation board containing the target
processor. You use the communications
channel to download object code and
control execution of the target for debug-
ging or monitoring performance. Before
the target hardware becomes available,
developers can use a software-processor
simulator running on the host or a gen-
eral-purpose evaluation board in place of
the target prototype.

As system complexity increases, pro-
grammers prefer a higher level language,
such as C, to gain portability and take
advantage of off-the-shelf function
libraries and drivers. C compilers should
conform to ANSI/ISO standards to
ensure portable code. Much of the power
of a high-level language such as C comes
from the built-in and extendable library
functions. Basic library functions include
/O, memory management, and math rou-
tines. When a programmer creates a par-
ticularly useful function, he can save it in
a library and reuse it on subsequent proj-
ects. Operating systems, networking
stacks, and other third-party-software ele-
ments usually are available in library form.
Most small-system C compilers are cross
compilers, which means that the compiler
runs on the host machine and produces
object code for another machine.

Figure 1 The open-source Eclipse integrated workbench
gives tool designers a common user interface, such as
this Java-program-development tool.

To survey the ease of installation and
operation of development and evaluation
kits currently available for embedded-sys-
tem designers, EDN selected several prod-
ucts for appraisal in our lab. The first was
the C6713 DSK (DSP starter kit) from
Spectrum Digital, a stand-alone devel-
opment platform that enables users to
evaluate and develop applications for the
Texas Instruments C67xx DSP family.
The DSK also serves as a hardware refer-
ence design for the TMS320C6713 DSP.

The DSK comes with power-supply
cabling software and a multipurpose eval-
uation board for the processing needs of
audio, industrial, and medical applica-
tions. In addition to the TMS320C6713
DSP operating at 225 MHz, the board
includes an AIC23 stereo codec, 16
Mbytes of synchronous DRAM, 512
kbytes of flash memory, and user-accessi-
ble LEDs and DIP switches. The DSK
works with TI’s Code Composer Studio
development environment and includes

A=

TMS320C6713 DSK

Figure 2 The Spectrum Digital C6713
DSP starter kit allows users to evaluate
and develop applications for the Texas
Instruments C67xx DSP family.
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a version tailored to work with the board.
Although the software installation,
hardware setup, and initial operation took
less than 30 minutes, the sample LED-
blinking tutorial was elementary and pro-
vided little insight into the performance
of the DSK (Figure 2). The TMS320-
C6713 DSK is available online from both
Texas Instruments and Spectrum Digital

for about $400.

VISUAL DEVELOPMENT
In asimilar vein, the ADSP-BF537 EZ-

kit Lite from Analog Devices provides
developers with a low-cost method for
evaluating a popular Blackfin processor
and system peripherals, including the
IEEE 802.3 10/100 Ethernet MAC
(media-access controller) and CAN
(controller-area-network) 2.0B  con-
troller. The kit includes a processor-eval-
uation board along with an evaluation
version of the VisualDSP++ develop-
ment and debugging environment that
includes a C/C+ + compiler, assembler,
and linker (Figure 3). The kit also con-
tains sample application programs, a
power supply, cables, and a pair of stereo
headphones. The software installation
went without problems, and the devel-
opment environment was able to recog-
nize the evaluation board after configu-
ration and license registration. The EZ-kit
includes a simple LED-blinking example,
along with more in-depth software to
exercise the audio, Ethernet, and CAN
interfaces. The VisualDSP++ develop-
ment environment makes it easy to edit,
compile, and link application programs
and then load, run, and set breakpoints for
debugging. The ADSP-BF537 EZ-kit Lite
costs $350 and is available from the Ana-
log Devices Web site. Both the Blackfin

FOR MORE INFORMATION

Altera Corp
www.altera.com

Oki Semiconductor
www.okisemi.com

Analog Devices
www.analog.com

ARM
www.arm.com

Renesas Technology
WWww.renesas.com
Sensory Inc
WWW.Sensoryinc.com
Spectrum Digital
www.spectrumdigital.
com

TechOnLine
www.techonline.com

Eclipse Foundation
www.eclipse.org
Freescale

Semiconductor
www.freescale.com

Texas Instruments
www.ti.com

Intel Corp
www.intel.com
Xilinx
www.xilinx.com

Microchip Technology
www.microchip.com
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and the Texas Instruments evaluation-
board devices provide for third-party plug-
in boards to extend the feature set and
showcase compatible products.

The cost of evaluation-board hardware
and support software makes it difficult for
vendors to showcase all of their capabil-
ities and still provide lower priced kits.
Roy Druian, marketing manager in the
Freescale Networking and Computing
Systems Group, explains, “We offer a
series of fairly expensive application-
development systems that designers use
when they roll up their sleeves to devel-
op their systems and end products. We felt
that we also needed to produce a much
lower cost tool to determine if a product
has the required features, functions, and
performance without a big investment.”
According to Druian, Freescale’s net-
working organization has created a series
of “quick-start” boards that wrap around
the company’s major products. These
boards typically sell for a few hundred dol-
lars to less than $1000 and come with
Linux, so an operating system is available
for customers to use, or they can drop in
their own. Customers can also download
their application code to see whether it
works. “We have designed these kits to
include everything a designer needs, such
as cabling, power supplies, and run con-
trol,” says Druian. “The customer can buy
the product, open the box, and be eval-
uating the product in less than 30 min-
utes. Once the customer has done the ini-
tial evaluation and it looks like something
that he wants to consider further, we
would recommend that he move on to
the complete application-development
system, which would then give full access
to all of the capabilities of the product.”

Manufacturers also offer evaluation
and development boards for peripheral or
add-on products. The VR Stamp tool kit
from Sensory is one example that pro-
vides development support for the com-
pany’s embedded voice-recognition
technology. “The VR Stamp makes it
quick and easy for a developer to incor-
porate voice recognition and speech syn-
thesis as the human interface for embed-
ded products, such as set-top boxes, med-
ical instrumentation, and industrial con-
trols,” says Bill Teasley, Sensory’s vice
president of engineering. Sensory based
the VR Stamp module on the company’s
RSC-4128 voice-recognition system on

Figure 3 The ADSP-BF537 EZ-kit Lite
from Analog Devices includes a Blackfin-
processor-evaluation board and the
VisualDSP+ + development environment.

o, &

Figure 4 The VR Stamp tool kit from
Sensory provides development support
for the company’s embedded voice-
recognition speech-synthesis technology.

chip, which includes a 16-bit ADC, a 16-
bit DAC, digital filtering, RAM, ROM,
output amplification, timers, and com-
parators. The VR Stamp module’s 40-pin-
DIP footprint also packs in flash memo-
ry, serial EEPROM, main-clock and real-
time-clock crystals, and power-noise-
management components (Figure 4).
The VR Stamp tool kit includes a special
edition of Sensory’s Quick T2SI tool that
allows speaker-independent vocabulary-
set development using simple text input
to create commands. The complete tool
kit, including development software, sam-
ple programs, a C compiler, two VR
Stamps, and a programming board,

retails for $495. The VR Stamp modules

Go to www.edn.com/051027c¢s and
click on Feedback Loop to post a com-
ment on this article.
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Figure 56 TechOnLine's VirtuaLab gives developers remote online access to several
development kits, including the Oki ML67Q5003 CPU board.

sell for less than $30 (volume quantities).

Although the final development-kit
hardware and software installation time
can be less than an hour, the entire process
may take weeks and includes justification
of funding, issuing a purchase order, wait-
ing for delivery, unpacking, and locating
a suitable PC. To bypass all these steps,
TechOnLine’s Virtualab allows you to
immediately evaluate hardware and soft-
ware tools using only your Web browser.
This free service provides documentation
and remote access to a selection of tools
through a virtual-desktop connection to
a PC with hardware attached. A reserva-
tion system allows hardware scheduling as
much as six months in advance, although
we observed instant access in several cases.
Each engineer has LDAP (Lightweight
Direct Access Protocol)-protected net-
work storage available, as well as a local
computer to access, upload, or download
files. Between each session, the environ-
ment returns to a known, safe state to pre-
vent residual interactions.

With online development tools from
vendors such as Altera, Analog Devices,
Freescale, Intel, Xilinx, and Renesas
Technology, TechOnLine offers a variety
of technologies, including 16- and 32-bit
processors, DSPs, FPGAs, and network
processors. To test the system, we logged
onto the Oki ML67QQ5003 CPU board,
an emulation kit for developing and
debugging embedded application pro-

grams for ARM-based, 32-bit microcon-
trollers. This setup allows users to write
and execute code on an ARM-based
microprocessor and debug with ARM’s
RealView debugger development kit
(Figure 5). Users have access to on-chip
peripherals, such asan ADC, UART, and
I’C, plus control of a seven-segment LED.
The board clocks the processor at 60 MHz
and includes 512 kbytes of flash memory
and 32 kbytes of RAM. We were able to
log on, initialize the board, read the
“getting-started” instructions, build the
demonstration  program, and step
through execution in less than an hour.

Development tools and short cuts may
shorten the evaluation and learning curve
at the beginning of a project; however, no
magic tools exist to eliminate the detailed
design effort required to fashion a suc-
cessful embedded product. It still takes
long hours and hard work. However, rest
assured that tools vendors will continue
to deliver support products that optimize
the development process and ease the
transition from one project to the
next.EDN

You can reach
Technical Editor

at 1-858-513-3713

and wwebb@edn.com.
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Best-In-Class Speed vs Power

LMH® Amplifiers Deliver Performance Where it Counts

Product ID Description

LMH6714/20 Single, wideband, high slew rate,
low diff gain/diff phase op amp

LMH6722 Quad, wideband, low power
op amp

LMH6723/24/25 | Single, very low power,
high-output current op amp

LMH6702/03 Single, low distortion,
wide bandwidth op amp

LMH6704 Single, programmable gain
(-1, +1, +2), shutdown op amp
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Features

400 MHz small signal bandwidth, 1800 V/us slew rate, 0.01% differential gain,
0.01° differential phase, 500 pA shutdown current (LMH6720)

400 MHz small signal bandwidth, 1800 V/us slew rate, 5.6 mA supply current/
channel, -72 dB HD2/-85 dB HD3

260 MHz small signal bandwidth, 600 V/us slew rate, 1 mA supply current,
110 mA output current, 4.5V to 12V single supply

1.7 GHz/1.2 GHz SSBW, 2nd/3rd harmonic distortion (HD): -100/96 dB at 5 MHz
(LMH6702), Shutdown (LMH6703)

650 MHz SSBW, 400 LSBW, 2nd/3rd HD: -62/-78 dB at 10 MHz
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BY JOSHUA ISRAELSOHN ° TECHNICAL EDITOR

FLEXIBLE SILICON:
GUI-programmable
audio processors

A TREND IN SIGNAL-PROCESSING ICs OFFERS SIMPLE AND DIRECT
PARAMETRIC CONTROL AND FUNCTIONAL PROGRAMMABILITY.
TAKING FULL ADVANTAGE OF FLEXIBLE CHIPS, HOWEVER, MAY
DEMAND FLEXIBILITY IN YOUR DESIGN METHODS, AS WELL.

art One of this two-part series introduced the con-

cept of flexible silicon—signal processors that are

programmable in environments that express func-

tional and parametric behavior in application-rele-

vant terms (Reference 1). Interacting with the signal

processor at this elevated level of abstraction frees
the OEM designer from many implementation details that regard
signal streams in terms of instantaneous voltages or individual
digitally encoded samples. Instead, the designer can focus on
issues of functional implementation and performance expressed
in the same terms as the system-design goals.

To make this distinction more con-
crete, this study has concentrated on two
audio-signal processors—the XS-125-4
Class D power-amplifier module from
D2 Audio, which was the primary focus in
Part One, and the AD1940 SigmaDSP
IC from Analog Devices, which is the pri-
mary focus of this installment. In both
cases, the devices must accommodate the
fact that, at their most basic level of
implementation, signal processors mani-
pulate audio signals as time-domain phe-
nomena, yet, at the application level,
people prefer to consider audio signals in
terms of their spectra and signal en-
velopes. Designers often leave this bridge
between the time-domain and applica-
tion-level models of audio signals to the
system’s user interface. The fact that the
processors bridge the two concepts
results in familiar-looking GUI presenta-
tions and could simplify implementation
of the system interface.

Though the programming environ-
ments that accompany these flexible sig-
nal processors can greatly speed parts of
your design cycle, your design methods
may need to exhibit some flexibility, as
well, particularly in design verification.
Your familiar schematic-capture and sim-
ulation tools don’t have these devices
ready and waiting as drop-in blocks,
macros, or behavioral models. Instead,
your verification efforts will likely depend
to a great extent on direct measurements.
But, given the nature of the devices and
the means of control they offer, the most
meaningful measurements will be those
that are in application-relevant terms, as
well. Common instrumentation, such as
logic analyzers, oscilloscopes, and volt-
meters—though helpful for signal trac-
ing—are less helpful for parametric veri-
fication in this environment than are
more sophisticated signal analyzers. Your
verification success, therefore, may criti-
cally depend on a solid familiarity with
your measurement equipment and your
understanding of its limitations (see side-
bar “Flying on instruments”).

FLEXIBLE TO THE CORE

The Analog Devices AD1940 is a flex-
ible, general-purpose, GUI-programma-
ble audio processor that operates ahead of
a system’s signal-distribution facilities.

Bob Adams and his SigmaDSP team
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AT A GLANCE
Bl The ratings:
o Flexible silicon parts—great!
e Support hardware and soft
ware—mostly terrific.
e Documentation—not ready for
prime time.

Software interfaces are convinc-
ing, if occasionally cumbersome.

Though the software tools are
mostly accurate, be sure to confirm
with stimulus and response meas-
urements to prevent unwanted sur-
prises.

developed the family of parts to which the
1940 belongs. To develop those devices,
Adams and the team exploited a custom
DSP core, which they designed and opti-
mized for audio-signal processing. As a
general-purpose audio processor, the
1940 cannot do with a fixed arrangement
of processing blocks, as was the case with
the XS-125-4. Instead, its GUI program-
ming-and-control environment, Sigma-
Studio, presents a drawing surface remi-
niscent of familiar schematic-capture
tools, with a library of 61 processing cells
in nine categories from which you can
choose. Two additional categories provide
system resources, such as hierarchal struc-
tures and simulation stimuli and probes.
They also include signal sources, such as
a tone, pink noise, white noise, and beep
generators.

The simulation stimuli and probe cells
enable real-time interactive spectral sim-
ulation. SigmaStudio allows you to de-
velop signal-flow block diagrams offline
without attaching the development
hardware. The diagram that Figure 1
depicts, for example, is part of a tutorial
exercise | completed after dinner one
night at the dining-room table. The next
morning, I connected my laptop to the
ADI1940 evaluation board through a USB
port, downloaded the file, and ran test
sweeps from the AP SYS-2722 through
the system. A comparison of the plots in
figures 2a and 2b indicates that the Sig-
maStudio simulation properly accounts
for the equalizers’ interband interactions
and predicts the system response that the
SYS-2722 measures. The straight-line
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plot falling along the —6-dB line in Fig-
ure 2b derives from output channels 2
and 3: signals that the equalizers do not
process. These curves, which indicate a
0.4-dB rise in the lowest decade and a
0.35-dB drop-off in the top octave, indi-
cate that similar behaviors, which appear
on the Channel 0 and Channel 1 outputs,
are not due to the equalizers’ deviation
from their predicted behavior.

The constant 6-dB difference that fig-
ures 2a and 2b depict derives from the
fact that Figure 2a’s plot simulates the
equalizer’s transfer function—a relative
measure—whereas Figure 2b’s is an
absolute measure of the system’s per-
formance with reference to 0 dBFS (deci-
bels full-scale). Though it is reasonable to
set an equalizer to provide, say, 6 dB of
gain at some frequency, a digital-audio sys-
tem cannot produce an output of 6 dBFS:
Unlike analog systems, digital-audio sys-
tems have no linear headroom above full-
scale. To prevent the system from clip-
ping, therefore, this measurement requires
a stimulus signal from the generator no
greater than —6 dBEFS. In practical sys-
tems, inputs can reach 0 dBFS; so a real
implementation of this circuit would need
to include volume-control cells to man-
age the signal amplitude in advance of the

equalizer. Analyze your design’s gain struc-
ture to ensure that you can’t clip an inter-
nal node. Using an equalizer to boost fre-
quencies complicates the issue, whereas
cutting is always safe with respect to clip-
ping hazards. Also note that, unlike obser-
vations you might make of signals in the
time domain, spectral plots are graceful at
the onset of clipping. Raising the input
level, say, 2 dB, results in spectra with
peaks that appear to have lower Qs than
the equalizer’s settings indicate, rather
than flattop peaks. A test for your system’s
gain-structure plan would include a THD
(total-harmonic-distortion)  measure-
ment with a O-dBFS sweep with spectral
shaping cells turned up as far as your appli-
cation allows. A somewhat more sophis-
ticated approach is to build adaptable
structures that exploit the AD1940’
dynamics-management cells. Consider
the trade-offs when deciding between
upstream and downstream sensing.

The measurement of this circuit em-
ployed a POF (plastic-optical-fiber) link
from the AP SYS-2722’s digital genera-
tor to the AD1940 evaluation board’s
Toslink SPDIF input. The analyzer took
the device under test’s outputs in pairs
from 's-in. TRS jacks through unbal-

(continued on pg 68)
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Figure 1 A test design using the AD1940’s SigmaStudio design environment allowed
rapid confirmation of the processor’'s parametric equalizer module. In this case, the
SYS-2722's dual-domain capability provided a system stimulus in the digital domain
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FLYING ON INSTRUMENTS

My rule for working with
test equipment with which
I’m unfamiliar is to take
sufficient time in advance
to learn about the instru-
ment’s capabilities, pro-
clivities, operating require-
ments, and controls. It may
sound insultingly simplis-
tic, but the fact remains
that anyone can generate
data, and many do. Making
solid measurements and
correctly interpreting the
results are more difficult
tasks. The first step to dis-
tinguishing between the
two is understanding the
capabilities and limitations
of the instrument (Refer-
ence A). The better a DUT
(device under test) per-
forms, the more difficult it
becomes to meaningfully
measure its performance
and not the residual errors
of the test setup and envi-
rons.

Audio Precision’s AES-
17 filter serves as an ex-
ample: The filter’s spectral
response can predictably
affect test results but do
so in a way that an opera-
tor lacking familiarity with
the measurement system
could misinterpret. A plot
of the XS-125-4’s THD
(total harmonic distortion)
operating at —0.5 dBFS
(decibels full-scale) into an
8() load falls precipitously
starting at 7 kHz (Figure
A). You’ll see this plot
shape in characterizations
of many digital-audio
devices with analog out-
puts, but the shape does
not describe the DUT so
much as it describes the
filter. In the case of the
XS-125-4, the third har-
monic evidently dominates
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the THD at full power. At 7
kHz, the dominant distor-
tion residue falls into the
AES-17 filter’s narrow tran-
sition band (Figure B). By
10 kHz, the second har-
monic is nearing the end
of the filter's passband,
and, by 12 kHz, there’s lit-
tle left in the measurement
beyond the amplifier’s
noise floor and a small
leakage term representing
the analyzer tracking fil-
ter’s finite notch depth. So,
what’s the THD doing
through the interval from 7
to 20 kHz? This measure-
ment gives us no clue, and
discovering the answer in
any application in which
the harmonics in question
approach the Nyquist fre-
quency requires detailed
knowledge of how both
the DUT and the test envi-
ronment process artifacts
that approach or pass
through the Nyquist fre-
quency.

P’'ve on a number of pre-
vious occasions worked
with Audio Precision ana-
lyzers. The most recent
interaction, though, was
a couple of years ago
(Reference B), so this was
my first experience with
the SYS-2722. The dual-
domain instrument can
generate and analyze sig-
nals in either the analog or
the digital domains and,
therefore, suits cross-
domain analysis in which
the instrument provides
the test stimulus in one
domain and tracks and
measures the response in
the other domain. This
capability came in handy
when | was examining the
AD1940 and its evaluation
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Figure A The XS-125-4’s THD+N operating at —0.5 dBFS into
an 8() load falls precipitously starting at 7 kHz, due to the fact
that the third harmonic falls into the AES-17 measurement fil-

ter's transition-band response.

board. The generator and
analyzer can drive and
receive analog signals
through balanced XLR or
unbalanced BNC connec-
tors. Digital signals appear
on balanced AES/EBU,
unbalanced SPDIF, or
optical Toslink ports.
Digital ports operate at all
standard audio-sampling
rates to 197k samples/sec.

The instrument’s capabil-
ities are extensive, yet its
user interface is well-de-
signed and generally un-
cluttered. In addition to
the instrument’s extensive
documentation, Audio
Precision has produced a
five-DVD tutorial course on
audio measurements-a
valuable accessory for
those not steeped in the
craft.

In addition to the SYS-
2722 analyzer, Audio
Precision supplied a DCX-
127 multifunction module,
which provides precision
dc sources, measurement
capabilities, and digital
1/0. The company also
supplied an SWR-2122U

unbalanced switcher,
which is a handy device for
managing multichannel
measurements, for exam-
ple. The accessories con-
nect to the SYS-2722
through the AP control-
bus interface, as does the
host PC.

| spent a good deal of
time with the AP SYS-2722
and accessories before |
could find anything to criti-
cize. It’s a solidly built sys-
tem apparently designed
by people who use the
equipment, so the instru-
ment is almost immediate-
ly comfortable to operate.
Of the few annoyances |
did collide with, all have
easy work-arounds.

If you connect acces-
sories such as the DCX-
127 to a SYS-2722, the
multifunction module must
be powered; otherwise, it
apparently drags down the
control bus. Upon launch-
ing the control software,
you will get an error mes-
sage informing you that
the analyzer is either
improperly installed or is



itself unpowered. Tech-
nically, this message is
true: You could say that an
unpowered DCX-127 is an
improper element of the
installation. Still, the mes-
sage struck me as a bit
vague, considering the
nature of the-admittedly
operator-induced-fault
that I finally located. If the
documentation mentions
the need to power all
devices on the control bus,
| missed that part. In the
end, | powered both the
SYS-2722 and the DCX-127
from the same outlet strip
and used the strip’s switch
to control power to the
test equipment.

The control-bus cable
that connects the analyzer
to your PC is a bit short
and constrains the relative
placement of the two
pieces of equipment.
According to the compa-
ny’s application-support
group, however, you can
add a DB-25 extension
cable to the instrument
end of the cable. As long
as the cable is of reason-
ably high quality, you
should be able to extend
the tether another meter
or so.

| used a laptop PC with
the analyzer, so the con-
trol-bus cable terminates
to a single-slot PCMCIA
card. The PCMCIA connec-
tor is the most fragile part
of the system. My experi-
ence with similar connec-
tors from the bad old
days of PCMCIA dial-up
modems is that they reli-
ably fail before any other
part of the systems with
which they are associated.
Although | understand that
the weakness derives from
the PCMCIA standard’s

mechanical specifications,
other industries have
developed more robust
connection methods. For
example, manufacturers of
PCMCIA cards for
modems, Ethernet, and
FireWire ports have long
since developed card
extensions that flare out to
fairly large and beefy plas-
tic enclosures for more
robust connectors. Such a
modification to the AP
PCMCIA card would reme-
dy that card’s weakness. In
the meantime, if you use a
laptop with a SYS-2722, be
careful about where you
situate the computer and
how you dress the inter-
face cable.

Last, though you may fix
plot colors for the screen
presentation or allow them
to rotate through a color
cycle, graphs you export
use colors from the color
cycle whether you like it or
not. This is not just a mat-
ter of taste: A yellow graph
on white paper is simply
unreadable, and coercing
the system to cycle to
another color has proved
to be something of a chal-
lenge that the operator
shouldn’t need to take on.
According to Audio
Precision, a simple cure is
to export the graphs as
WMF (Windows-meta-for-
mat) files and bring them
up in a graphics program
that allows you to manipu-
late vector images.
Ungroup the plots and
change the color and line
weight of each one in turn
to yield an appearance
best suited to your purpos-
es. We tried that approach
at EDN with mixed results,
using Adobe lllustrator as
the graphics program for
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Figure B Audio Precision’s optional AES-17 filter provides a flat
passband with low ripple (a) and better than the —60-dB spec-
required stopband attenuation (b) without adding more than 4-

ppm THD in the 20-kHz passband. The red lines correspond to
the AES-17-1998 spec limits.

the manipulations. We
ended up publishing plots
that | exported from the
analyzer in TIF format.
Given the extensive
capabilities the SYS-2722
brings to the bench, these
few points seem minor.
They can derail you for a
time, and a loss of bench
time could be costly if you
don’t commit a reasonable
interval to familiarizing
yourself with the equip-
ment you intend to use.
Once you master it,
though, the SYS-2722 sets
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a performance, handling,
and documentation stan-
dard to which other instru-
ments might aspire.
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Figure 2 The SigmaStudio simulation (a) properly accounts for the equalizers’ inter-
band interactions and predicts the system response that the SYS-2722 measures (b).
The straight-line plot falling along the —6-dB line in (b) derives from output channels
2 and 3, signals that the equalizers do not process. The constant 6-dB difference
between (a) and (b) is due to the fact that (a)’s plot is a simulation of the equalizer's
transfer function—a relative measure—whereas (b)’s is an absolute measure of the
system’s performance with reference to 0 dBFS.

anced, shielded leads. The AD1940s sig-
nal I/O resides strictly in the digital
domain. An AD1939 codec provides the
evaluation board’s analog-I/O facilities;
the codec adds greatly to the evaluation
board’s versatility. Less apparent, howev-
er, is the I/O flexibility inherent in the
ADI1940. The audio processor can receive
or transmit audio data in two-channel I’S,

left- or right-justified formats, or eight- or
16-channel TDM (time-division-multi-
plexed) streams.

The AD1940 evaluation hardware and
SigmaStudio software form a seamless,
reasonably responsive operating envi-
ronment with a mostly well-behaved user
interface. However, precisely setting vir-
tual rotary controls is more difficult than
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~— similar controls on other platforms. The

wiring paths are not user-adjustable, and
symmetrical-cell arrangements can often
result in overlapping paths, which,
though mostly harmless, are difficult to
read and can slow visual verification that
the design agrees with the designer’s
intent. Barring any change in the Sig-
maStudio software, you can mitigate this
effect by imposing spatial offsets between
cells in your project work space.

The current SigmaStudio documenta-
tion is not up to the quality of the soft-
ware itself. The library documentation’s
table of contents, for example, omits some
items that are actually documented,
though the search facility can usually find

You can reach
Technical Editor

at jisraelsohn@edn.

com.

Flexible signal processors also exist
that operate in the analog domain. For
more information, go to www.edn.com/
article/CA302236.

Get more information on Class D
amplifiers at www.edn.com/article/
CA408383 and www.edn.com/article/
CA152804.

Read about audio converters at
www.edn.com/article/CA426064.

Learn about noise sources and
measurements at www.edn.com/
article/CA371088 and www.edn.com/
article/CA402133.

those items in short order if you know
how to search for them. Explanations of
many cells avoid many of the less obvi-
ous cell features. Although you can gen-
erally ignore this documentary weakness
when using cells that implement familiar
functions, it can slow down your project

development when you need to invoke a
less familiar function. The hardware doc-
umentation is likewise overly terse and
lacks both a map and a narrative expla-
nation of the board’s layout and features.
The SigmaDSP team is evidently aware
of the need for better documentation and
is working to soon upgrade it.EDN
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ADVERTISEMENT

Monolithic Dual Output
DC/DC Converter

High Performance Analog Solutions from Linear Technology

Multioutput DC/DC Converter

he LTC®3548 is a dual output,
T high efficiency, 2.25MHz,
synchronous buck regulator
that delivers up to 800mA of continu-
ous output current from one channel
and up to 400mA from the other.
Using a constant frequency and
current mode architecture, the
LTC3548 operates from an input volt-
age range of 2.5V to 5.5V, making it
ideal for single cell Li-lon, multicell
alkaline or NiMH applications. It can
generate two independent output volt-
ages as low as 0.6V, enabling it to
power the latest generation of low
voltage DSPs and microcontrollers.
Figure 2 shows an application
schematic of the LTC3548. Its 2.25MHz
switching frequency allows the use of tiny,
low cost ceramic capacitors and inductors
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AT 400mA
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Figure 1. Dual Monolithic Synchronous Buck Converter Family

less than 1mm profile. The LTC3548
uses internal switches with an Rpg o)
of only 0.35Q to deliver efficiencies as
high as 95%. It also utilizes low
dropout 100% duty cycle operation to

RUN2 Vjy RUNI
MODE/SYNC  POR

L
LTC3548

Sw2 SWA1

Figure 2. Dual Output Supplies from 5V with LTC3548

LT W%

allow output voltages up to Vi, further
extending battery run-time. No load
quiescent current is only 40pA (both
channels) and <1pA in shutdown,
ensuring optimal battery life.

Vourt =1.8V
AT 800mA

OCTOBER 27, 2005 | EDN 71



ADVERTISEMENT

Monolithic Dual Output DC/DC Converters

The LTC3548 utilizes automatic ~ features include short- 100 1000
Burst Mode® operation to reduce circuit protection and % Y
gate charge losses when the load optional external synchro- /
current drops below the level nization capability. 90 | EFFICIENCY i e
required for continuous operation, ~ Furthermore, the LTC3548 & g5 |~ ull /,/ r%ﬂ
providing optimum efficiency at is stable with ceramic % % Wl \M 0 E
light loads. If the application is noise ~ capacitors, achieving very 3 POWER LOSS 1 a
sensitive, the user can disable Burst  low output voltage ripple. E 75 ’// g
Mode, replacing it with a lower noise The dual architecture, 70 /,,/' 1 -
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of +8.5% regulation (after a 175ms
delay for output voltage “settling”),
the LTC3548 provides a POR Low,
telling the system that one or both
of the outputs are out of regulation,

the LTC3548 the most
compact synchronous step-
down solution available for
dual output voltage rails.
The LTC3548 is ideal for

LOAD CURRENT (mA)

Figure 3. LTC3548 Efficiency and Power Loss vs
Output Current

allowing the main processor to reset
the system if necessary. Other

handheld applications that require
dual outputs of up to 800mA and

400mA, high efficiency and very
small solution footprint. LT

Single Converter Provides Positive and Negative Supplies

harge coupled device (CCD) 27vyr|(')\‘42v

imagers, LCDs, op amps and

many other circuits require g%F
both a positive and negative power [ 1ov oy

supply. Typically, two DC/DC convert-
ers are used—one for the positive
supply and another for the negative

1pF

v

supply. However, the use of two ICs | 01U5T\1/ T e
and their related circuitry add cost oure) 549K Lnz
and complexity. There are single Crap, 4.7pF 47uH
converter topologies that develop < | Yg\‘;”
plus/minus supplies, but usually the L lout(ny”
second output suffers from poor regu- SHON
lation. In addition, in order to produce | Coutpy C Cout()
a second output of different ampli- —|—§‘57V“F — 0.22F I 0.3282NuF I f'ﬁz\}‘F
tude, non-standard, transformer turns - ’ - l
ratios or post regulators become *OUTPUT CURRENT =
necessary, which also increases cost, Viv_| lour(p)
complexity and efficiency losses. 4.2V | 45mA | 65mA

The LT®3472 dual DC/DC 3.8V 35mA ) S0mA

27V | 25mA | 35mA

converter simplifies the design of dual,
positive and negative, supplies by
combining two switchers that have
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Figure 4. LT3472 Schematic for Li-lon Input Delivering Positive and

Negative Outputs

www.linear.com



Vour2
5V/DIV

Voury
5V/DIV
ov

ov

N

The Schottky rectifying
diodes are integrated into the
LT3472 which shrinks and
simplifies the solution. Each
supply requires only one
resistor to set its

5ms/DIV

Figure 5. LT3472 Start Up Sequence

independent control loops and +34V
output ranges. Figure 4 shows a circuit
using the LT3472 that produces two
independently  regulated power
supplies from a single Lithium-Ion cell:
a 15V, 25mA supply and a -8V, 35mA
supply. A typical application for this
would be for amplifier circuits that
need to output a true OV with only a
single positive supply available. A low
current negative supply and boosted
positive supply rail permit full ampli-
fier output swing from OV to Vg srrery-

output voltage. The 80
LT3472 works well
with input voltages

as high as 16V. Also, it 7
includes an output sequenc-
ing feature that allows the -

negative supply to ramp up
only after the positive one
has reached 88% of its final 65
value, providing a controlled

turn on as demonstrated in

Figure 5. In situations where 60
inrush current is a problem,
the LT3472 offers a capaci-
tor-programmable soft start
feature that allows the

EFFICIENCY (%)

ADVERTISEMENT

designer to individually program the
ramp rate of each output. This feature
allows the designer to reduce inrush
current to any arbitrary level. Figure
6 shows the supply efficiency. LT

\\ \v|N =42V

ViN= 27\
\

0 010203 04050607 0809 1
OUTPUT POWER (W)

Figure 6. LT3472 Efficiency for Both Outputs
Loaded at 10% Increments

600mA Ultralow Noise Synchronous Converter

igh efficiency, low ripple
H current and a small footprint

are critical power supply
design requirements for cell phones,
MP3 players and other battery-powered
portable devices. The LTC3448 deliv-
ers excellent performance in each of

ViN
2.5V T0 5.5V

these areas. It is a high efficiency mono-
lithic, synchronous buck regulator
using a constant frequency, current
mode architecture (see Figure 7). It
achieves very low output ripple by auto-
matically shifting to linear regulator
operation at load currents below 3mA

and pulse skipping operation at moder-
ate load currents. This is a critical
feature in applications such as cell
phones, where low power supply noise
is required while in standby mode. The
combination of a 1.5MHz or 2.25MHz
switching frequency and a tiny 3mm x

Vout

‘I 1.5V@600mA
Cout

Figure 7. LTC3448 Schematic for Li-lon to 1.5V at 600mA

LT LR
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Monolithic Dual Output DC/DC Converters
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Figure 8. LTC3448 Efficiency and Power Loss vs
Output Current

3mm DFN package (or MSOP-8)
provides a solution footprint of less the
0.12 square inches.

The LTC3448 automatically
shifts gears to maintain high effi-
ciency and low noise over a wide
range of load currents. For normal
loads, it operates as a current mode
constant frequency converter which
yields well-defined ripple frequencies.
At load currents below 3mA, it auto-
matically shifts to linear regulator
operation to maintain <5mVp_p noise
and reduce the quiescent supply
current to 32pA.

No external sense resistor is
required to detect the load current.
Simply tie the MODE pin to Voyr. The
LTC3448 uses a patent pending tech-
nique to monitor the behavior of the
switching regulator to determine the
load current and to enter linear regu-
lator operation when appropriate. The
crossover between switcher mode
and linear regulator mode can also be
controlled externally by driving the

74 EDN | OCTOBER 27, 2005

MODE pin high
or low.

The LTC3448
hasa2.5Vto 5.5V
input voltage
range, perfect for
single cell Li-lon
battery-powered
applications and

LT3486: Dual Qutput LED Driver

e Wide (1000:1) Dimming Range with True Color PWM™ Dimming
¢ Independent Dimming and Shutdown Control of the LED Drivers

e Drives Up to 16 White LEDs at 25mA (8 per Driver) from a
Single Li-lon Cell

e Up to 320mA Continuous LED Current per Driver from a
Single Li-lon Cell

e +3% LED Current Programming Accuracy

is available with
an adjustable
output voltage. Its
100% duty cycle
provides low
dropout  opera-
tion, extending
battery life in
battery-powered
handheld devices. Low output voltages
are easily supported with the 0.6V
feedback reference voltage. Switching
frequency is selectable to either
1.5MHz, or 2.25MHz. Alternatively it
can be synchronized to an external
clock applied to the SYNC pin. This
high switching frequency operation

LT NS

e Open LED Protection: 36V Clamp Voltage
e Fixed Frequency Operation: Up to 2MHz
e Wide Input Voltage Range: 2.5V to 24V
e Low Shutdown Current: Igg < 1pA

e Overtemperature Protection

e Available in (5mm X< 3mm X 0.75mm) 16-Pin DFN and
16-Pin TSSOP Packages

allows the use of small surface mount
inductors and capacitors. The LTC3448
also saves space with an internal
synchronous switch, eliminating the
need for an external Schottky diode.
Efficiencies of 90% are attained in
single cell Li-Ion powered applications
at 200mA. LT

Note: £7, LTC, LT and Burst Mode are regis-
tered trademarks and True Color PWM is a
trademark of Linear Technology Corporation.
All other trademarks are the property of their
respective owners.

www.linear.com



BY BARRY CALDWELL . VITESSE

Board decoupling using
a standard methodology

TO DEAL WITH THE SIDE EFFECTS OF INCREASED CLOCK SPEEDS AND FREQUENCIES,
ENGINEERS MUST BYPASS DI/DT TRANSITIONS AND REDUCE NOISE.

s Moore’s Law has marched through the 1990s
into the new millennium, each process node has
brought a doubling of density with increased
clock and data-transfer speeds and frequencies.
Each node, however, also includes the nasty side
effects of faster chip, board, and system di/dt
transition-voltage noises, as well as signal jitter. To deal with
these side effects, engineers need to know how to correctly
bypass and decouple high-speed di/dt transitions to reduce noise
that the system contains or radiates in some form of EMI.

To achieve this goal, it is important to devise a method of
addressing the issues involved in picking and placing bypass and
decoupling capacitors for high-speed digital chips, boards, and
systems.

FINDING THE NOISE SOURCE

The purpose of decoupling a digital chip or board is to remove
unwanted frequency noise from the system at any level. To
accomplish this task, you must first look at the source or cause
of the unwanted noise. In almost all instances, di/dt or Al noise
is the source. For a digital chip or system, a change in the dig-
ital state of the chip or system from either a logic-zero state or
a logic-one state brings about a current surge that causes a cur-
rent-level change. Knowing di/dt or Al can help you find the

ZBus |
1/0Cp

I
i
I

IMAX | m === —— - = N .

frB fPD
FREQUENCY
Figure 1 At point f;, impedance starts switching to inductive
impedance; at point f,, inductance triggers a chain reaction
leading to unacceptable amounts of voltage noise.

amount of decoupling that a chip needs and then determine the
system or board-level decoupling, but you first need to devel-
op a method for finding Al:

Voo v o

dtepmos

IpER GATE = R
TTL

CHIP, DRIVER, AND 1/0-RING-DECOUPLING PARAMETERS

Chip, bus, or both

46" power/
ground pairs

PCI-X microprocessor,
eight drivers

46" power/
ground pairs

PCI-X microprocessor,
28 drivers

29LV040B, EEPROM

CY37064VP44-100ACCPLD, two power/ground pairs

Palce16C8Z
Notes:

Data-sheet
Al AV s per-pin
per pin At (mV) capacitance

24 mA 0.8 nsec 50 12 pF

2mA | s | 100
 omA | 12mec | 100 |

6 mA

Refer to tables 3, 4, and 5 for decoupling capacitance per power/ground pair.

'All sharing the same A7-chip power ring.
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Using Equation 1 and a 74-

CHIP-DECOUPLING PARAM R

VHCI1G04 chip, for example,  chip Al total At AV,
with a gate capacitance of 3 pF a  [140:MHz oscillator, 3.3V 2 mA 1 nsec 50 msec
dtof 1 nsec for t; or t,,and amax-  PCI-X microprocessor 3.3V, 0.2 mA 0.8 nsec 50 mV
imum noise voltage of 50 mV: 1.8V 1 nsec 50 mV
Al _ 291V040B, EEPROM 12 mA 5 nsec 100 mV
PER GATE 24C32, serial EEPROM 2 mA 1 psec 100 mV
3 oF 0mV _ 003754, (@) [ICYS7064VP44-100AC CPLD 12 mA 12 nsec 100 mV
1 nSEC Dual low-dropout regulators, TPS70351, 1.5A, 1.8V 1 pusec 77 mV
‘ . 33V,1.8V 0.75A, 3.3V 1 ysec 79 mV
The per-gate information is Palce16C8Z 6 mA 5 nsec 100 mV

often unavailable, so a per-pin
calculation works just as well.
Each pin generally has a drive-
cell macro behind it that you can treat as a pseudocell. Using
a T4LVC04 as a step up in complexity, the results would be:

27V =0.0135A,
C

Alpgg ppy =5 pF =

(3)
0.135V

1 nSEC

The first number, 13.5 mA, is for current drawn for each full
voltage switch per pin; the second number, 0.68 mA, indicates
the voltage droop, 5%, that causes noise-current draw from
across the power planes per pin, gate, or power bus. Therefore,
Al for the whole chip equals Al times the six drive pins, or 81-
mA, and the switching-noise (5% voltage droop) current is 4.1
mA for a 74LVC04.

Next, youneed to determine the maximum power-bus imped-
ance, because a digital system sees noise as voltage, or AI-Z=AV.
Therefore, you now have

or AIPER PIN = 5 pF =0.00068A.

AV,
A7 — Z " NOISE MAX
Al

which gives maximum impedance. From this equation, you can
look for £, the point at which 1/wCand wL, cross (Figure
1). Atf,, the decoupling capacitors must begin working as high-
frequency shorts and current supplies. The f,; point indicates
when impedance starts switching to an inductive impedance,
which limits the responsiveness of the power bus to high-fre-
quency power needs. The last parameter, oL, is the shifted

inductance line that the decoupling creates. Point f is the place

(4)

)

Note: Refer to tables 3, 4, and 5 for decoupling capacitance per chip.

at which the inductance moves the system impedance back
above the point at which current draw creates more voltage
noise than is acceptable in the system. Z ¢ is the impedance
of the power bus, which includes the power planes in a print-
ed-wiring board.

Now that you know the origin of the remaining parameters,
work toward C,, which is the capacitance value that you need
for the power/ground pairs on the chip that you are working to
decouple. Using equations 3 and 4, you can calculate C,, from
the following:

1

D 2fopZpmax™ )
The last step is to make sure that C_ will work from f; to f,,
and is achievable for the needed high-frequency decoupling
range.

Now, go back to the 74LVC04-chip example. The chip is a
CMOS hex inverter. The di for a 74LVC04 at a V. of 2.7V
has a 12-mA maximum output per driver from the data sheet.
Assuming a 10 to 90% window, dv is 2.16V, and the assumed
switching time is 1 nsec. Therefore, the minimum decoupling

capacitance for the 74LVC04 is:

72 mA x 1 nSEC
2.16V

CMIN = AI X A%V = = 33 pF (6)

However, you need to take care of the voltage droop or noise
that the driver current surge causes. So, the AV should be 50

P D-BYPA APA A DS FOR P BOARD
AT rise/fall Minimum No. of No. No.
Al per fastest capacitance || active | of power/ | of 0.01-pF | Exact value

power-ring Al edge AV, per chip driver ground | capacitors | in 0.01-pF
Component section per pin (sec) (V% section pins pairs needed capacitors
PCI-X microprocessor 0.6 0.016  25X10°° 0.05 3x10°8 96 46! Three 3
PCI-X microprocessor 0.6 0.008 1X10°° 0.05 1.2X10°8 NA 13 Two 1.2
PCI-X microprocessor 0.2 0.048 1X10-° 0.05 4X10°° Eight Four One 0.4
PCI-X microprocessor 0.6 0.004 | 4.8x10°° 0.05 4.8X10°8 29 46" Five 4.8
CY37064VP44-100 0.171 0.0045 6x10°° 0.05 2.05x10°° 38 Eight Three 2.052
Palce16C8Z 0.027 0.0045 6x10-° 0.05 3.24x10° Six One One 0.324
24C32 0.0045 0.0045 3X107 0.05 2.7X10°8 One One Three 2.7
29LV040B 0.036 0.0045 | 2.5X10°° 0.05 1.8X10°° Eight One One 0.18
40-MHz oscillator 0.002 0.002 1X10-° 0.05 4x10-" One One One 0.004

Notes: Total capacitance needed: 1.47X10".

'All sharing the same chip power ring and power/ground pairs.
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‘ Now your power solution can migrate with your FPGA! & > A‘
Pin-Compatible 3A, 2A and 1A Integrated Synchronous Bucks )

MPS provides worry-free board design and reduces cycle time with the MP2305/7/9 series of
pin compatible synchronous step-down regulators. Now, both your custom logic design and
power supply have a simple migration path.
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mV for this example. This value gives you a minimum capac-
itance of:
Cyn = 72 mA x 1 nSEC/50 mV = 1.44 nF. @
This one sample chip could be on a board with 20 or 30
chips—from a simple 74LVC04 to Pentium-class chips with hun-
dreds of pins or bond-out attachments. If more advanced soft-
ware is not close at hand, a spreadsheet is the best way to obtain
the total board capacitance and number of needed capacitors.
As afinal example, work through the calculations for a gener-
ic PCI-X board with chips having well-defined parameters and
anumber of different main and support chips. The main proces-
sor chip is a 133-MHz PCI-X chip with a 3.3V [/O ringand 1.8V
core, using a 40-MHz oscillator. Support chips are a 291.V040B
EEPROM, dual low-dropout voltage regulator to supply 3.3 and
1.8V; a Palce16C8; one two-wire serial 24C32 EEPROM; and
a CY37064VP44 CPLD. For each of these chips, you need to
locate the current drive for each driver pin; determine the sig-
nal rise time, or At; and decide on the maximum noise voltage.
Once you have chosen the decoupling capacitance, you can use
the following equations to ensure that the impedance is not
excessive and that the system does not have a resonance point:

1
ZC=\/%,and f0=m.

Table 1 covers the processor-chip board-decoupling parameters
and per-chip board-decoupling capacitance needs.

So far, this article has focused on the lowest level (closest to
the driver) or highest frequency of decoupling on a printed-wire

(8)

READ MORE ABOUT IT

assembly or circuit module—namely, the immediate quick-
response current drawn for the chip at 1 MHz and greater fre-
quencies, where t, or t; is 1 msec or less. However, bypass and
decoupling need to occur at three levels of current-frequency draw
for planned decoupling, with each of the levels requiring that the
impedance be less than 1€ for the best current-surge response
and lowest noise or jitter characteristics at the chip and system
levels. At the first level, the high-frequency quick-current surge
associated with the digital-state and signal-I/O driver changes
either on or off chip. The two other levels are the middle- and
low-frequency ranges. Both ranges are resupply points to the next
lower level of current-frequency bypass or decoupling.

MIDFREQUENCY COMPONENT LEVEL

Designers generally view the midfrequency range of tens to
hundreds of kilohertz as a board-level issue or intermediate cur-
rent- and voltage-supply depot. The intermediate bypass capac-
itors supply the chip-level decoupling capacitors with their
immediate-need surge-current resupply through relatively low-
inductance paths. The midrange bypass capacitors tend to have
an inductance path at least an order of magnitude larger than
the inductance path between the chip-level decoupling capac-
itors and the chips they supply. This tendency results in a
response time for the midrange bypass capacitance that is close
to an order of magnitude higher than the response time of the
chip-level decoupling capacitors, with capacitor values in the
single- to low-double-digit microfarad range of values.

The midrange is at a chip level. So what is At? The PCI-X
microprocessor chip has core, memory, and PCI-X operating
blocks, each of which has a different At or operating frequency.

This article makes many
assumptions and simplifi-
cations for developing a
workable approach to fin
ing the value of decouplin
capacitance at the levels
that most often exist on a
pc-board assembly. For
more precise details and
information, please see
the following sources:
Hall, Stephen H, Garrett W
1 Hall, James A MccCall,
High-Speed Digital
System Design: A Hand-
book of Interconnect
Theory and Design Prac-
tices, ISBN 0-471-36090-2,
John Wiley & Sons, 2002.
2 Van Doren, Thomas P,
“Circuit Board Layout to
Reduce Electromagnetic
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on Electrical Performance
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AT HIGH FREQUENCIES, THE PCI-X
MICROPROCESSOR CHIP NEEDS
11 0.01-wF CAPACITORS; YOU
COULD FURTHER DIVIDE THESE
CAPACITORS INTO VALUES OF

0.01 pF, 1000 pF, AND 110 pF.

The correct At is the slowest one. It gives the minimum capac-
itance that is large enough to pass all frequencies of concern in
the midrange (Table 2).

LOW FREQUENCY AND POWER RAILS

The low-frequency, or bulk-decoupling, range is associated
with the power-supply bus, which connects the system/board
power supply to the system and onto the board through either
edge fingers or cable/wire connections. This bus usually has noise
from a few hertz to 10 or 20 kHz, with a voltage and current
ripple that you must consider when specifying parts. At this
level, the value of capacitance is in either the hundreds or the
thousands of microfarads.

Also at this level, you want to make sure that the power-bus
impedance is low enough for the total board current draw (AL )

MIDSPEED-BYPASS-CAPACITANCE NE

AT
rise/fall
slowest
edge for

chip (sec)

Component

CY37064VP44-100

40-MHz oscillator

Notes: Total capacitance needed: 1.23X10-%
Chip level requires no per-pin current drive.

AT
rise/fall
slowest
edge on

Component board (sec)

CY37064VP44-100

40-MHz oscillator

DS FOR PCI SCSI BOARD

o171t | exi0® | 005 | 205x10° | 38 | Egw | One |
(00045 | <10 | 005 | 27x10° | Two | One | One |

LOW-SPEED-BYPASS-CAPACITANCE NEEDS FOR PCI SCSI BOARD

o7 | ex10° | 005 | 206x10° | a8 | Egn |
| 00045 | axi0’ | 005 | 27xi0® | Two | One |
oo | 1x10° | 005 | 4xi0" | O | One |

and the maximum voltage-noise budget. To determine this infor-
mation, you need to know X, ., which is equal to AV, jp1ay/
AL, Once you know the maximum impedance, you need to esti-
mate, calculate, or measure inductance for the power-supply rail
leading up to the board. You can use this power-rail inductance,
L., to find the total capacitance the board needs to determine
Xiyax- You can also use the L to calculate the power-rail fre-
quency needed to arrive at the total board capacitance.

RESULTS

Tables 3 through 5 show the results for high-, middle-, and low-
frequency capacitance calculations on the PCI-X HAB (host-
adapter-bus) board. At high frequencies, the PCI-X micro-
processor chip needs 11 0.01-wF capacitors. In practice, you could
further divide these capacitors into values of 0.01 wE 1000 pE
and 110 pE, to give a number sufficient for one decoupling capac-
itor per two power/ground-pin pairs. This step minimizes the via
and plane inductance in an attempt to keep the impedance from
the capacitors to the power pin as far below 1€} as possible. How-
ever, you must also stay within the necessary amount of capaci-
tance and use a minimal number of capacitors. Three values help
hold the response curve as flat as possible across the high-fre-
quency spectrum. You should not place the capacitors next to each
other in a parallel arrangement, because doing so dampens the
effectiveness of the very-low-value capacitor. One practical side

No. of
active Exact
Minimum driver 1-pF value in
capacitance pins on capacitors 1-uF
per chip (wF) chip needed capacitors

0.02052

0.00004

No.
of active No.
driver of power/
Minimum gates/ ground 10-pF
capacitance pins pins capacitors
per chip in chip on chip needed

Notes: The board power/ground capacitance is 7.5 nF for one power/ground pair, assuming a 3.5X6.6-in. board with a relative dielectric of
4.3 and 3 mils of space between the power planes. In this case, the power/ground pair would have an inductance of either 178 or 51 pH,
depending on the width and length orientation, where the length is 6.6 in., and the width is 3.5 in. for the smaller inductance. These two bits
of information give an impedance for the board power/ground-plane pair of approximately 0.083, or 0.154().

Total capacitance needed: 3.28 X108,
Board level requires no per-pin current drive.
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benefit of knowing the correct amount of
capacitance is that you can avoid overus-
ing capacitors, which can open board-rout-
ing channels around large chips and reduce
via count through power and ground
planes.

You then need to calculate the total
board bulk capacitance. Make sure that
high, middle, and low ranges add up to

a total that will give the capacitance
value that will deliver the needed imped-

ance for X, for the power-supply rail:
X .=AV /AL From Table 5,

MAX NOISEMAX
AV, osimax=20 mV, and Al =1.64A.

=0.030€2, and L is 200 nH. So,
frs =X ax/27L,=0.030/27200 nH=24
kHz. Therefore, C_,=1/2m =220

rE

XMAX

f.PS>(MAX

You won't find any

N our S62's PEB prototyping capabilities

Imagine, a benchtop PCB milling machine
that does everything your board house can
do, and is as easy to use as your laser printer.

Introducing the new ProtoMat S62, a robust
machine that will produce any of your circuit
ideas—even plated through holes—right
at your side. Just send it any CAD/CAM file
and this quiet device will produce a perfect
prototype in minutes.

e Affordable, entry-level price tag

o The best milling speed, resolution, and
accuracy in the industry

e Single-sided, double-sided, and multilayered
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o Automatically changes tools, and doesn’t
require a compressed air supply

o Optional vacuum table and front-to-back
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The total capacitance from tables 3, 4,
and 5 is 1.62 WE So, the board needs 220
WF for bulk capacitance to pull the power-
supply-rail impedance up to 0.030€). This
value is large for a board that is the size
of anormal PCI plug-in card. You should
therefore review issues that can affect
the value for the bulk capacitance if this
amount of bulk decoupling will be a
problem.

A AV, voltage droop, or jitter factor of
50 mV might indicate that the analysis is
too stringent, so you should look at other
ways to lower the power-supply-rail induc-
tance to reduce the bulk decoupling to a
smaller value. Changing AV to 100 mV
moves C_, to 54 wE This change, howev-
er, makes the invalid assumption that only
this card is on the PCI power rail. You can
achieve the same effect by reducing the
power-supply-rail inductance to 100 nH.

The key parameter for specifying a
more appropriate amount of decoupling
capacitance is keeping the current-supply
bus impedance between the bulk capac-
itors and the power supplies below 1€).
The lower the impedance, the better your
chance of minimizing the voltage noise
orjitter that the 0Q), nonideal power-bus
impedance generates.

A critical topic that this article does not
cover is the impedance between the decou-
pling/bypass-capacitor placement and the
attachment methodologies. The best cap-
acitor-attachment approach is to use sur-
face-mount components with vias in pads
to create small inductance-loop areas and,
thus, small inductance values to minimize
the impact on path impedance.Ebn
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Simplify Power Supply Designs

ROHM LDO Regulators

Wide Operating

Multiple Output Circuits

¢Vc >

Temperature Range
(-40°C to +125°C)

Low Output Tolerance

(£1.0%) CTLC

Ultra-high Electrostatic
Discharge Resistance
(8kV ESD)

overcurrent
overvoltage
excessive temperature

Compatible with Compact
Ceramic Capacitors

Pb-free
RoHS Compliant

d )
TR0 RomHs

Directive Compl

Standard Fixed Output

Output: 2A-Input voltage: up to 35V
Output: 1.5-1.8-2.5-3.0-3.3-5.0-9.0-12-16V

BA[J[IDDO series / BAL ][ JDDOW series in all 27 models

Output: 1A+Input voltage: up to 35V
Output: 3.0-3.3:5.0:6.0-7.0-8.0-9.0-10-12-15V

BALI[ICCO series / BALI[JCCOW series in all 39 models

Standard Variable Output

® Zero current consumption during standby mode. Products
with built-in shutdown switches are also available.

® Enhanced reliability through internal over-voltage,

over-current and temperature protection circuits.
@ 3-terminal LDOs are available that are pin ’ ' ' )
compatible with standard 78series and can > 7

be used as replacements.

Output: 2A-Input voltage: up to 35V
Variable output: 1.5 to 16V
BAOODDOW series

Output: 1A-Input voltage: up to 35V
Variable output: 3.0 to 15V
BAOOCCOW series

® Zero current consumption during standby
with built-in shutdown switch.

® » &

@ Variable output type for high reliability.

Secondary Source for Local Power

Output: 500mA Input voltage: up to 7V
Output: 1.0-1.2-1.5-1.8:2.5:3.0-3.3V
BDLI[JKA5 series / BDLI[IKA5W series in all 21 models

Variable output: 1.0 to 3.3V
BDOOKAS5W series

Output: 1A

Input voltage: up to 18V

Output: 1.5:1.8-2.5-3.0-3.3+5.0+6.0+7.0+8.0:9.0:10.0V
BA[J[]BCO series in all 50 models

Variable output: 1.5 to 12V
BDOOBCOW series

CMOS for Portable Devices

Output: 1.5A

Input voltage: up to 18V

Output: 1.5+1.8-2.5-3.0-3.3:5.0+6.0°6.3+8.0°9.0:10.0V
BA[J[JJCS5T series in all 11 models

Variable output: 1.5 to 12V
BDOOJC5WT seriess

® Low voltage operation - ideal for power
supplies.

@ High accuracy output voltage (+1%).

® Compatible with ceramic capacitors
resulting in a smaller footprint.

® Suitable for secondary power supply systems
due to their high accuracy capabilities, low
noise characteristics, and small package sizes.

Output: 300mA - Input voltage: up to 5.5V
Output: 1.5-1.8-2.5-2.8-2.9:3.0:3.1-3.3V
BALJ[JMA3W series in all 8 models

Output: 1.5°1.8+1.85°2.5-2.8+2.9+3.0+3.1:3.3V
Output: 150mA-Input voltage: up to 5.5V

@ Low voltage operation - ideal for portables.

@ Excellent stability and high-speed transition
response characteristics.

@ Extremely low dropout voltage (0.06V at lo=100mA).
@ Compact, thin, high-power package.

BALIJFB1W series / BALJ[ILB1W series in all 17 models

Excellence in Electronics

1.888.775. ROHM




Intersil Digital Potentiometers

High Performance Analog

Available in
2mm x 2.5mm
8-lead TDFN
and 3mm x 3mm
8-lead MSOP

Huge Digital
Control in a
Tiny Package

Intersil's unleashes the X93154/55/56,
the world's smallest and lowest cost
Non-Volatile Digital Potentiometer.

The X93154, X93155 and X93156 addresses new market needs for
high volume and space constrained applications such as portable or
personal communications devices. The integration of non-volatile
EEPROM for the wiper position provides design advantages including
lower programming current and the elimination of additional high
voltage supplies required by one-time programmable products.

X93156 Detailed Block Diagram Features
B et

(NG) o s p T T ~— 3-wire up/down interface
i N B ~— 32 wiper tap points. Wiper position
29 T . .
! ! ' stored in non-volatile memory and

(@)

Al this functionality in

5-bit A [ -
tlny 2mm x 2.5mm Nﬂé‘ﬁ:ﬁ‘e One of 32 i ! Transfer j ! Resistor " recalled on power-up
TDFN package i Do |11 Goln 14 A ~— Low power CMOS, with V¢ of
Soreara ' 2.7V t0 5.5V, active current of
|| e ' " 250uA max, and standby current
cc Circuitry o
v | : RL of 1A max
— ~ High reliability with endurance
200,000 data changes per bit and
register data retention of 100 years
~— Available in 8-lead MSOP and
TDFN packages
~— Pb-free and RoHS compliant
Key Parameters packaging available
Description Conditions MIN TYP MAX Unit
Supply Voltage X93154 2.7 3 83 \
X93155 4.5 5 5.5 V
X93156 2.7 - 5.5 V
End-to-end Resistence 35 50 65 kQ Datasheet, free samp|es’ and
Ry, Ri Terminal Voltages 0 - Vce \ . . .
P e P - ; o more information available at
Noise Ref: TkHz . 120 - dBv www.intersil.com @
Wiper Resistance X93156 - - 1100 Q
Wiper Current - - 0.6 mA
Resolution - 3 - %
Temperature (Industrial) -40°C - +85°C (03
-t ®
Intersil — Amplify your performance with advanced signal processing. | I‘Itel Si I®
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BY HR MODI - POWER-ONE

Moveto 12V bus
eliminates need for
Isolated dc/dc converters

THE PART AND COST REDUCTIONS OF THE LOWER VOLTAGE, 12V
BUS OUTWEIGH THE BENEFITS OF THE HIGHER VOLTAGE, 48V BUS.

owering the ICs scattered on and across the mul-

tiple pc boards in a system has always presented

challenges to power-supply designers. As long as

the required voltages were relatively high, it was

possible to locate the power conversion in a

remote area of the system, where thermal and
noise management was easier. However, as the required volt-
ages decreased, power-conversion devices moved closer and clos-
er to the usage points of power.

This migration from multiple output-power supplies, driven
by the lower voltage and higher current requirements of the lat-
est microprocessors, has reached a point at which today’s sys-
tems exclusively use a single 48V front-end power supply with
final conversion to the lower voltages done on the pc board.
The increasing converter-power densities and the resulting con-
verter-size reductions are major reasons for the rapid adoption
of a distributed-power architecture (Table 1).

The next emerging trend, driven by technology-conversion
advances and cost considerations, is the shift from a 48V to a
12V distribution bus and the resulting elimination of the
onboard isolated dc/dc converter.

Several parameters—including the need for battery backup,
the overall system-power level, device efficiency, copper-trace
losses, connector consideration, and overall system cost—will
drive your decision to use either one of the distribution volt-
ages, and you should examine each new system design for the
optimal approach.

48V BUS AND IBA

In 48V systems, an ac/dc front end or, in the case of battery
backup, an ac/dc rectifier to the 48V-distribution-bus voltage
converts the input ac. An isolated dc/dc converter further con-
verts the bus voltage on each pc board to an intermediate-bus
voltage and distributes it on the board to individual nonisolat-
ed POL (point-of-load) converters powering the ICs. Such
design is commonly called an IBA (intermediate-bus architec-
ture, Figure 1).

The distribution of a higher 48V-bus voltage at lower currents
allows for smaller traces and connectors. Because the output
Schottky-rectifier-diode drops are small fractions of the output
voltage, 48V front ends can be efficient and cost-effective. Dis-
tribution of the higher voltages reduces the need for heavy cop-

48V BUS INTERMEDIATE VOLTAGE BUS 19V BUS

o o o
v ~| POL, >V, + ~| POL, >V,

AC/DC
AC—> CONVERTER [ ]
AC/DC DC/DC
POL,

AC—1 GCONVERTER CONVERTER 2 Vs —> POL, >V,
BATTERY I_ — POLv vy b~ POLy |-v,

= o o)

Figure 1 IBA relies on a 48V bus to distribute power to take advan-
tage of the lower current and smaller circuit traces for power distribu-
tion, with separate point-of-load dc/dc converters to drop the voltage

to 12V.

Figure 2 In a 12V-bus architecture, the single 12V bus elim-
inates the need for the intermediate 48V conversion, but
the higher currents of the lower voltage 12V distribution
systems result in heavier traces and bus bars.
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CONVERTER-POWER DENSITIES AND
RESULTING CONVERTER-SIZE REDUCTIONS

Power density
(W/in.%)

PNPIS00 1500 | 48 | 99 | 15 | o

CONSIDERATIONS FOR CHOOSING
A 48 OR A 12V BUS

\ 12V bus [| 48V bus

Consideration ||[Advanced || Distributed || Advanced|| Distributed

Efficiency

Current X X

CURRENT VERSUS TRACE WIDTH (IN.)

Current (A) 20°C 30°C 50°C

10007 0003 | 0005 | 0.002 | 0004 |

|05 o018 | o3 o013 | o027 |

per traces, or bus bars, and special high-current connectors, thus
saving both system cost and space. However, the pc board still
needs a secondary conversion by a de/dc converter to the lower
voltages that the POLs require.

You must compare the penalties of lower overall efficiency—
due to the three conversion stages and the cost and pc-board
space resulting from the additional 48 to 12V dc/dc converters—
with the benefits of power transmission at the higher voltages.

WHEN A SYSTEM REQUIRES
BATTERY BACKUP, THE 48V BUS
IS THE OBVIOUS CHOICE.
HOWEVER, FOR SYSTEMS USING
LESS THAN 3000W, THE 12V BUS
IS GAINING GROUND.

12V BUS BENEFITS FROM AC/DC EFFICIENCY

With the widespread adoption of synchronous rectification,
the increased efficiency of ac/dc conversion has enabled 12V-
output front-end power supplies to be as efficient as higher volt-
age output converters.

Designs that require no battery backup can effectively use the
12V bus to directly supply 12V to each pc board. Because the
ac/dc front ends provide basic system isolation, you can elimi-
nate additional isolation on the board and channel the 12V bus
directly to the individual POLs (Figure 2).
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Figure 3 Although at power levels higher than 3000W, a 48V bus
usually is a better choice, the 12V bus is gaining ground for sys-
tems using less than 3000W, requiring heavier pc-board traces
to carry the higher currents. For example, a 3000W system at
12V has 250A distributed across the system.

The trade-offs of the lower voltage distribution are the require-
ments for higher distribution currents and the resulting need
to use heavier pc-board traces and bus bars.

48V VERSUS 12V BUS

So, how do you decide which bus level to use? Although there
are many factors to consider, system-power level can be a quick
starting point in the selection process (Table 2).

When a system requires battery backup, the 48V bus is the
obvious choice. At the power levels higher than 3000W/, the
48V bus is usually a better choice. However, for systems using
less than 3000W/, the 12V bus is gaining ground.

As Figure 3 shows, 3000W at 12V would require that 250A
be distributed across the system. Distributing such high currents
requires serious consideration for proper power-distribution
methods. Factors include the number of pc boards in a system,
the overall system-bus-distribution schemes, the required pc-
board-trace widths, and the need for heavier pc-board bus-bar
arrangements.

Mainframe computers have for many years used such power-
distribution methods. Distribution of high currents on the pc
board itself is a fairly recent development. Higher current dis-
tribution on the pc board requires wider traces, thicker copper,
and consideration for extra layers (Table 3). Proper airflow on
the pc board is also a big factor in reducing the trace widths.

Connections to the pc board are other important considera-
tions with higher currents. New connector designs that can
accommodate such high currents are currently available.Ebn
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Intersil Switch/MUX Products

High Performance Analog

Industry’s Lowest Distortion and
Highest ESD Sub 0.5Q Analog Switches

9kV ESD-protected, +1.1V to +4.5V, single supply, dual SPDT switches ensure reliability in handheld applications.

Effj, ailab/g .
- &5 Ic"’a v K
‘\@ < ® g
' Faciad” E Nl
MJ Handheld
r_/ Road Map of Analog Switch Packaging \
.

PeLe

DFN SOT-23 SC-70 Package

Small ooooooooooooo}Smallest

/

‘ Less than 0.014% audio distortion into a real-world
| 32Q headphone application

1SL8484 Icom = 100mA |SL8484 /
ol £\ e | [T TTI T
| .
02 AT | Less than 0.5Q Ry, across input | 0.0144 |
o025 LA\ \\/ /\ signal range results in lower 2.5Vpp, 20mW ACROSS 32Q LOAD, V+ = 3.6V
024 et signal loss or higher output of 0.0142
g o N\ / \ | midi and voice signals g
z L =z
o 022 /\\ Vi=av A\ T 0014 A A/ A~
A\ /N 2 "
0.21 \ z NS
A [ 0.0138
0.2 \ l
Ve =36V /
Vi =43V
oS N~—" Jl' 0.0136
0.18 ’ )
0 1 2 3 4 s 7 9KVESD HBM l 20 50 100 200 500 1K 2K 5K 10K 20K
Veom (V)
Frequency (Hz)
ON-RESISTANCE vs SUPPLY VOLTAGE vs
SWITCH VOLTAGE DISTORTION vs FREQUENCY
Switch or Type of 'oson)  Ton) Torp CHGINJ Leakage SRCCap  DRN Cap lec Vcc Range
Device MUX Configuration Switch (€2) (ns) (ns) (pC) (nA) (pF) (ON) (pF)  (nA) (£V) Package
1SL8484 Switch/MUX Dual 2x1 SPDT 0.27 20 15 128 0.01 115 224 80 +1.65t0+4.5 10Ld DFN,
10 Ld MSOP
ISL8499 Switch/MUX Quad 2x1 SPDT 0.26 15 13 120 0.01 106 212 80 +1.65t0+4.5 16 Ld QFN,
(Dual DPDT) 16 Ld TSSOP
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Intersil Switching Regulators

High Performance Analog

DC/DC Buck Regulators
with Integrated FETs Resist Heat

ailab,
< /e,.o
(! 9&’,
%'k'ee P"“:él7
HTSSOP THERMAL RESISTANCE vs
PCB AREA (NO AIR FLOW)
. e 5.0mm— The first line of defense
| against heat is a
45 Tﬂ'm thermally-efficient HTSOP-28
R package, which utilizes an
= 40 é exposed thermal pad
g \ § | undsmeath the IC to spread Built-in thermal protection
< - heat through the PCB. s
3 35 5 i and voltage margining
for actual in-circuit
30 \ LA The V7ypinis a performance validation.
\ formula-based, accurate
25 indicator of the internal
1 2 3 4 5 6 7 8 9 silicon junction temperature.
PCB Area (in?)
If all else fails and the
temperature sensor indicates
™ a junction temperature above
SEL“ T0.047pF T 390pF — 135°C, the PWM Regulator
. Y i Cose will shut down.
cor v | e || ot
3 \
e ‘ Key Features:
STP N VIN EOIZHFVW y
om o | = — 4A (EL7554) and 6A (EL7566)
- _ = o Vo continuous output current
Controller Drivers —O .
160uF] ~— Up to 96% efficiency
PGND im BO i
eorert] ~— Built-in 5% voltage margining
Sense .
Comp ~— 3V-to-6V input voltage
Re £ ‘L} 3 PG, . P d .
Co = FB L — 0.58in2 (EL7554) and 0.72 in2
SGND © LR - (EL7566) footprint with
"1 components on one side
' of PCB
~— Adjustable switching frequency
to 1MHz
Key Specifications
Vin Vin Vour Vour lour BOM Total
Device (min) (V) (max) (V) (min) (V) (max) (V) (max) (A) Freq. Efficiency Footprint Package
EL7554 3 6 0.8 Wiy 4 200kHz to 1MHz 95% 0.8x0.72 28 Ld HTSSOP
EL7566 3 6 0.8 Wiy 6 200kHz to 1MHz 95% 1x0.72 28 Ld HTSSOP
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Intersil Video Products

High Performance Analog

Eliminate Extra Voltage Supply with
Integrated Triple +3.3V Video Buffer

The 1SL59830 triple video buffer delivers DC-accurate coupling of video onto a 752 double-terminated line,
and 300MHz of -3dB bandwidth performance.

?s“‘“ab/e,.o
6"(N"eie\""(:{-
ISL59830 Functional Block Diagram
The 1SL59830 runs on
3.3V, eliminating the 3.3V 1SL59830 eliminates the
need for an additional 5’( need for output DC
5V supply voltage. o) blocking capacitors.
N Video Displays
0 75Q '
oo SIS i
470uF
Video [ 750
Signal | © 6dB %—‘\N\:— Key Features:
\l\_ ZOHF 750 ~— Triple single-supply buffer
o 6dB /r%_'W\I_ — Operates from single +3.3V
S z
|| On-board 47007 supply
With integrated 6dB -1.5V | Regulator ISL59830 eliminates — Eliminates need for DC
buffers, the only o . :
external components ISL59830 :zeLTlg?odr foorrcsrgﬁcgmg blocking capacitors
required are 75Q pu?np & spIitraiIg — Fixed gain of 2 output buffer
termination resistors. implementation by
/7 integrating on-board — Output 3-statable
regulation. — Enable/disable functions
a ~— 50MHz 0.1dB bandwidth
7 ~— 300MHz -3dB bandwidth
Key Specifications
Slew Gain I
BN@ Rate Vs Vs  Vy  Ral- A, (per Diff  Diff  Vog
#of -3dB (VI (min) (max) (nV/ to- (min) amp) Igas lour  Vour Gain Phase (max) CMRR PSRR
Device Amps (MHz Ms V] Vi Hz Rail \} mA] MA mA) Vi o mV dB dB Package
(MHz) ) V) (V) Hy) (V) (mA) (UA) (mA) (V) (%) () (mV) (dB) (dB)
ISL59830 3 200 500 30 36 20 Y 2 5 NA 50/ -18to 006 04 25 90 90  16LdQSOP

-18 3.3

intersjl.

HIGH PERFORMANCE ANALOG

Intersil — Amplify your performance with advanced signal processing.




Intersil Digital Potentiometers

High Performance Analog

World’s Smallest and Lowest Cost
Non-Volatile Digital Potentiometer

The X93154, X93155 and X93156 address new market needs for high-volume and space-constrained
applications such as portable or personal communications devices. s,

®°
= 3
o
/N 3 &

e w

ree P2°

Handheld Medical ] X93156 Detailed Block Diagram
(U i
' INC 5-bit 3 H
(HC) UplDéwn F—
(CS) ) Counter 30 1
1 29 P
' . | 28 P
Al this functionality 5t ! "
o Non-volatile L i 1" Rw
n tlny 2mm x 2.5mm Memory One of 32 1 1 Transfer | 1 Resistor |
Decoders | Gates .| Amay |
TDFN package T | i ]
L Store and : i
Control 1 i
Recall |
Vcc_ Circuitry 0 I
e i R

Key Features:

~— 3-wire up/down interface

~— 32 wiper tap points. Wiper position stored in non-volatile
memory and recalled on power-up

~— Low power CMOS, with V¢ of 2.7V to 5.5V, active current
of 250pA max, and standby current of 1A max

~— High reliability with endurance 200,000 data changes per
bit and register data retention of 100 years

~— Available in 8 Ld MSOP and TDFN packages

Key Specifications
Single Vs Vs Vs Standby
Resistance  Supply Range Range Range Wiper Wiper Current
Memory Interface Options (Ve 27V- 3.0V- 45V- Resistance V, -Vy Current  Resistance Isb
Device Type Type (k) GND) 5.5V 5.5V 5.5V Taper v) (ly) (MA)  (RW@ly) (HA) Package
X93154 Non-Volatile 3-Wire 50 X X Linear 0to+3.0 0.6 1kQ @ 1 8 Ld MSOP,
(Up/Down) 0.6mA 8Ld DFN
X93155 Non-Volatile 3-Wire 50 X X Linear 0to Ve 0.6 1kQ @ 2 8 Ld MSOP
(Up/Down) 0.6mA
X93156 Non-Volatile 3-Wire 12.5,50 X X Linear 0toVee 0.6 1kQ @ 1 8 Ld MSOP
(Up/Down) 0.6mA
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Intersil Battery Charger ICs

High Performance Analog

HV Dual Input Battery Charger Simplifies Design

ISL6299 is a fully integrated, single-cell Li-ion / Li-Polymer battery charger with 28V tolerant input

ge Eff,c/ ,‘a\lab/e
| i * ® $
Fast-charging rates of . &
“r 2
\‘ an AC adapter “ackad ee P

End-of-charge indicator
| islatched based upon

_ T completed charge.
I
I

Integrated OVP reduces

extemal-protection When the battery voltage falls
requirement ~ below minimum spec, the
) charger operates with a trickle
4 charge current of 14% of the
28V tolerant cradle with Convenience of a programmed cradle input or at
' overvoltage protection USB charger | 53mA for USB power.

Industry’s Highest Input Voltage in the
Most Compact Package

Intersil's ISL6294, single-cell Li-ion / Li-Polymer battery charger IC can handle input voltages up to 28V,
eliminating the need for an overvoltage protection circuit

v“a“ableg
If the battery voltage is below 2.6V the ISL6294 charges the battery %»,ee ”c.\“""
with a trickle current of one-tenth of Izzr . When the battery voltage 8Ld p
reaches 4.2V, the charger enters a CV mode and regulates to fully W@‘“ v o
charge the battery without the risk of overcharge. e c
Trickle Constant Current | N Constant Voltage
L ! Key Features:
. Charge Voltage - — 28V maximum input voltage
o e ~ Programmable end-of-charge current
268V F—— Cu?rslrﬁ ~ Thermaguard™ charge current thermal
ol / han foldback for thermal protection
REF f——+
—~ N ~— No external blocking diode required
CHG CHG ~— Integrated pass element and current
Indication sensor
Time

0,
TYPICAL CHARGE PROFILE — 1% voltage accuracy
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Intersil Timing Products

High Performance Analog

Real Time Clock with InterSeal’,
Preserves Battery Life

The InterSeal™ battery saver seal prevents initial battery current drain prior to first use by switching to
backup mode after first power up with less than 400nA typical power dissipation.

InterSeal™
BATTERY SAVER

%Ge Efﬁc,é', v:4'¢1\Ialll,43/°
& ~%
() ;
* 3 &
Packas® Free po°

. . Network Routers, Huhs
Medical Handheld Security Cameras Switches, Bridges

11 Year Life Time

dntersil ; 3 Intelligent Battery Backup Switchover

Vop and backup source with intelligent switchover help
to ensure continuous RTC operation and integrity of
register and memory contents.

ISL1208/9

Key Features:

~— The on-chip oscillator compensation allows on-the-fly frequency
adjustment across temperature range.

~— The flexible signal frequency output pin (IRQ output) functions both as
an interrupt signal alarm for action or a user-selectable signal.

~ ISL1209 event detection notifies and records “intrusion” time.

Key Specifications
Batt
On-Chip Switch EEPROM
# of Power-ON Watch- Clock 0SC Temp or Super IRQ Size (Bits)
Device Vee Vearr Alarms Reset Dog Timer  FreqOut  Compensation Cap Output (K) Package
ISL1208 27t055 18t05.5 1 N N Y Y Y Y 16 Bits SRAM 8 Ld MSOP, 8 Ld SOIC
ISL1209 271055 181055 1 N N Y Y Y Y 16 Bits SRAM 10 Ld MSOP, 18 Ld PDIP
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Intersil Switching Regulators

High Performance Analog
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Stop letting thermal management issues
limit your designs. Contact GrafTech, the
innovator of natural graphite technologies,
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need for complex and costly attachment
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shock and vibration performance are
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HS-400™ material, a proprietary composite
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This impressive thermal performance is
made possible by the highly directional
properties of eGraf® natural graphite.

To create a superior lightweight heat sink,
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conductivity epoxy.

Graftech can custom design and thermally model heat sinks with any type of base design:
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Heat Sink Comparison
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GrafTech knows natural graphite. Our
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BY SHAKER SARWARY, ATRENTA, AND MICHAEL A BEAVER,

INSILICA

A systematic approach
to verifying FSMs

CAREFUL ATTENTION TO MANAGING THE DESIGN-STYLE CHOICES
AND COMPLEXITY ATTRIBUTES FOR FINITE-STATE MACHINES CAN
IMPACT THE QUALITY AND VERIFIABILITY OF THE FINAL IMPLEMENTATION.

arge SOCs (systems on chips) comprise many FSMs

(finite-state machines), which combine with data-

paths, memories, and other components. Although

FSMs are among the most abundant components

on chips, many designers lack an understanding of

their role and their impact on the quality and val-
idation of the final chip implementation. FSMs are sources of
functional bugs in SOCs. Designers often attribute poor tim-
ing, power, and performance to poor FSM design; therefore,
FSM verifiability and FSM-design-style considerations are
important aspects of SOC design. Although verification tools
can perform checks on FSMs, such as deadlock and unreach-
able states, these tools may not consider the aspects of FSM-
design styles (Figure 1). This article takes a predictive look at
FSMs and discusses functional and implementation issues result-
ing from various FSM-design styles. It also provides guidelines
for designing and implementing FSMs to

tually deadlock”—may remain unidentified during simple ver-
ification and simulation but can cause serious failures on-chip.
Figure 2 shows an example of an eventually deadlocked state.

Another common condition occurs when an FSM register
becomes stuck at a constant value of zero or one that is caused
by FSM encoding, and it may indicate a wrong or suboptimal
encoding. An asynchronous input is an FSM input coming from
a clock domain other than the one controlling the state regis-
ters. This condition may arise from properly built, functional
handshaking circuitry. However, designers should review any
asynchronous inputs to ensure that an unsynchronized input
does not cause any clock-crossing issues.

FSM METRICS

In addition to these problems, the FSM-design style may
impact the verifiability of an FSM. Designers should analyze

meet design goals (references 1 and 2).
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Figure 1 Verification tools such as Atrenta's SpyGlass can perform checks on FSMs,
such as deadlock and unreachable states.
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metrics to determine whether a given simulated or formal val-
idation flow can verify the FSM. Designers can use FSM attrib-
utes, such as the number and depth of states, transitions, inputs,
and outputs, to qualify an FSM from an implementation and
verification point of view. These attributes can have a major
impact on the quality of implementation of an FSM. Encoding
styles, output, and next-state-logic descriptions, as well as the
presence and description of the initial state, can affect the imple-
mentation and verification of an FSM.

The number of states is the first indicator of an FSM’s com-
plexity. A larger set of states can make the FSM code difficult
to read, difficult to understand, and likely to contain functional
bugs. A large number of states can complicate the FSM encod-
ing, and it can contribute to extra combinational and sequen-
tial logic that incurs timing, area, and power penalties. Large
FSMs make the validation effort more challenging and may lead
to low verification coverage. Decomposing larger FSMs into
smaller, communicating FSMs helps in all these areas. Keep-
ing the number of states lower than 20 is a good FSM-coding
practice.

The number of transitions in an FSM is another indicator of
the FSM’s complexity. Complex transitions can lead to com-
plex next-state combinational logic, which can directly impact
the timing. Similar to FSMs with a large number of states, an
FSM with a large number of transitions increases the designer’s
effort to maintain, enhance, and verify that FSM. Reducing the
number of transitions may require rebuilding a module with new

“define SO 2'b00
‘define S1 2'b01
‘define S2 2'b10
‘define S3 2'b11

module fsm(clk, rst_n, out);

input clk;
input rst_n;

output out;

reg out;

reg[1:0] cstate;
/Ireg[1:0] nstate;
reg [3:0] cnt;

always @(posedge clk or negedge rst_n) begin
if (~rst_n) begin
cnt<=0;
cstate <= 'S0;
out<=0;
end
else
case (cstate)
'S0: begin
out <= 1'b0;
cstate <="'S1;
end
'S1: begin
out<=1'b1;
cnt<=cnt+1;
cstate <= 'S2;
end
'S2: begin
out <= 1'b0;
if (cnt ==4'p0100)
cstate <="'S2;

In an eventually
deadlocked state, the
FSM moves from State 2 else

to State O until the count eﬁzta'e <='80;
reaches a value of 4. The endcase
FSM then locks in State 2. end

endmodule
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control circuitry, but this technique results in more modular
code that is easier to maintain and enhance. Typically, two tran-
sitions per state should be sufficient to express common func-
tions in terms of an FSM. For a 20-state FSM, 40 transitions
would occur.

The number of inputs to or outputs from an FSM impacts the
complexity of the output and the next-state logic. As a rule of
thumb, the number of inputs to an FSM should not exceed the
number of states in an FSM. Typically, the number of outputs
from an FSM should be small. For example, 25 outputs would
help control complexity.

The depth of the FSM refers to the number of states on the
longest path from an initial state without visiting the same state
twice. Deep FSMs may be harder to verify, especially when they
have a high number of states and transitions, which makes the
FSM wide and deep. The FSM depth should be kept at less than

15 to enable a simpler verification and debugging process.

STYLES

The encoding style for an FSM has a high impact on the qual-
ity of the FSM implementation in timing, area, power, and other
attributes. Some of the most common encoding styles include
one-hot encoding, Gray encoding, and minimum encoding. The
one-hot-encoding style means that only one bit of the state reg-
isters can be at one for any given state of the FSM. This encod-
ing may result in a higher number of registers in the final imple-
mentation. The combinational-logic complexity resulting from
one-hot encoding may be comparable or slightly more than
other encoding styles, but the combinational logic controlling
the data input of each state register may be smaller, which may
contribute to better timing performance. A designer may choose
this encoding style for its simplicity and its timing performance.

Gray encoding is a special state-encoding style in which
source and destination states for any transition in an FSM have
only one different bit in their encodings. Because a single reg-
ister can change value during any transition, Gray encoding is
the best choice for lower power consumption. The number of
registers for encoding the states may be small, but the combi-
national-logic complexity for next-state and output generation
is unpredictable. It may be difficult to find an optimal Gray-
encoding scheme for large FSMs with many transitions.

Minimum encoding results in the minimum number of state
registers, but the control logic may be more complex. A design-
er can minimize the combinational logic with carefully assigned
encoding. Depending on the level of optimization in the encod-
ing, this encoding style may result in good or poor timing and
area performance. Unless a designer deploys an optimized encod-
ing scheme, this encoding style may be a poor choice. Use it if
the total number of registers in a design is a concern, but don’t
use it if power is the main concern.
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Designers may want to consider custom
encoding as a variation of the minimum-

check not only coding styles and syntax,
but also potential functional problems,

encoding style, which adds extra bits or reg-
isters to accomplish power, area, or timing
goals. It does not have to follow the one-
hot- or Gray-encoding style, and designers

. . on this article.
should not use it unless the project’s per-

We encourage your comments!
Go to www.edn.com/ms4138 and click
on Feedback Loop to post a comment

such as deadlock states. Once the tool
identifies a bug or problem area, a com-
prehensive debugging environment needs
to perform a root-cause analysis. This
debugging environment should support a

formance requirements justify its use.

Moore and Mealey are two FSM styles operating from an out-
put perspective. The output logic of a Moore FSM is only a func-
tion of the state registers, whereas the output logic of a Mealey
machine is a function of FSM inputs and state registers. It is safer
to design a Moore machine. If a design requires a Mealey
machine, the designer must thoroughly validate the output logic
and the higher level module using the FSM. It is important to
watch for any failures resulting from asynchronous behavior of

the FSM outputs.
NEXT-STATE LOGIC

Another way to look at FSMs is from a next-state-logic per-
spective. In simple FSMs, each state is a macro that represents
the encoding of the FSM, and each assignment to a next-state
variable is a direct assignment to these macros. When a design-
er directly assigns the next-state variable to a state macro, the
logic involved in the next-state calculation comes from condi-
tional statements preceding the assignment and the state’s
encoding. For code clarity, use simple assignments for next-state
variables in an FSM.

However, in some cases, the next state may not use a simple
assignment, such as when an FSM requires a complex next-state
scheme requiring heavy logic computation. In these cases, the
FSM may compute the next state in a separate function or task
to simplify or modularize the code. In some cases, a designer may
use the function to compute FSM outputs. These extensions
indicate FSM complexity, and designers should avoid them
whenever possible by decomposing and simplifying the FSM.

The FSM may also compute the next state by using arithmetic
or logic operators. The most common arithmetic operation is
assigning the next state as the current state incremented by a
constant value. This next-state-computation scheme hides com-
plexity. There may be more states than items in the case state-
ment defining the FSM because each next-state calculation may
engender a new state that the items lack. This next-state-com-
putation scheme becomes even more complex when it appears
in the default item of the case statement.

An FSM may have one or more initial states. As a general
rule, an FSM should have an initial state, and the designer
should integrate a reset signal into the FSM description to ini-
tialize the FSM. An FSM without a standard initial state is sus-
ceptible to functional problems and can introduce extra diffi-
culty in analysis, verification, and maintenance.

VALIDATION

Given how FSM features can impact the verification and
implementation of a design, it is important to automate the val-
idation methodology so that systematic controls enforce an
FSM-design style for a project. The validation tools must auto-
matically detect functional issues in FSMs. The tool should
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clear messaging mechanism, RTL-code

back annotation, schematic highlighting, an FSM-bubble-dia-
gram viewer, and a waveform viewer. All of these components
must tightly integrate to facilitate debugging and the analysis
for FSM-related bugs. The tool should present implementation
issues in a succinct chart of easy analysis and an FSM-quality
audit. This report should link to the debugging environment
for easy access and modification of the associated RTL code, as
well as FSM exploration.

FSMs are among the biggest sources of bugs and problems in
a design. Designers should carefully analyze the metrics to deter-
mine the quality of an FSM with regard to its impact on final
implementation and verifiability. For a given project, a design-
er may choose one or multiple FSM styles to fit the requirements
of a project. Additionally, for various FSM attributes, such as
the number of states and the number of transitions, the design-
er should implement an upper limit that supports the project
requirement and enables easier verifiability of each FSM.

These requirements define an FSM-design methodology that
tools should automatically enforce to remove human errors and
reduce the design time, building time, and time to market. By
thoroughly understanding the types of FSMs and when to use
different styles, designers can develop better FSMs. To avoid
costly re-spins, it’s important to follow the creation guidelines
and look for a good FSM-validation approach.Epn
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C oscillator has stable amplitude

Julius Foit, Czech Technical University, Prague, Czech Republic

Many applications call for wide-
range-tunable LC oscillators
that can deliver a nearly constant-fre-
quency, nearly harmonic-free output
even when the circuit’s output load
changes. From a design viewpoint,
eliminating either inductive or capaci-
tive LC circuit taps and transformer
couplings within the frequency-deter-
mining circuit simplifies fabrication
and production, as does the option of
grounding one side of the tuned LC cir-
cuit. These requirements suggest a cir-
cuit that can automatically and effi-
ciently internally adjust loop gain, the
basic criterion for oscillation. In addi-
tion, the circuit must provide sufficient
gain to oscillate with low-impedance
LC circuits and regulate the oscilla-
tion’s amplitude to improve frequency
stability and minimize THD (total har-
monic distortion).
Designers have exploited many cir-
cuit topologies—some highly com-
plex—in their attempts to achieve

AMPLIFIER
lour=Ff(Vin)
INPUT OUTPUT
Vin l
= lour
-—
C== L

Figure 1 A parallel LC circuit and
an amplifying voltage-to-current
converter form a basic oscillator.

these design goals, but certain active
devices’ basic properties can help de-
signers obtain acceptable behavior from
a simple oscillator circuit. Figure 1
shows a basic LC-oscillator arrange-
ment. The amplifier operates as a non-
inverting voltage-controlled current
source. The LC circuit converts the
amplifier’s output current, I, to volt-
age, V|, and applies it as input to the
amplifier. Equation 1 shows the formal
condition for oscillation:

Ag=tourRo s
ViN

In this equation, A, is the overall volt-
age amplification and R, is the LC cir-
cuit’s dynamic resistance at its resonant
frequency. In practical circuits, the
value of R depends on the LC circuit’s
properties and thus can fall anywhere
within a wide range. Also, Equation 1
assumes an ideal amplifier—that is, one
having characteristics that are inde-
pendent of frequency.

Figure 1 and Equation 1 yield a sim-
ple insight into the basic design prob-
lem: If the operation over a wide fre-
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quency range demands the use of sev-
eral LC circuits with widely varying
values of R ), the amplifier’s properties
must be adjustable over a wide range.
You can adjust the amplification to ful-
fill the gain-limitation condition for
the worst-case LC circuit and then rely
on device nonlinearities to reduce
amplification under overdrive condi-
tions. However, a heavily overdriven
amplifier’s input- and output-differen-
tial resistances can drop to a fraction
of their optimum, high-resistance val-
ues. Second, large amounts of nonlin-
ear distortion can impair frequency sta-
bility. Moreover, these effects depend

Ay Ay
V-A V-A
I ly
— —
Vi l Rs Voo l c= L
FEEDBACK
-

Figure 2 Adding a second voltage-to-current converter isolates the tuned

circuit.

OCTOBER 27, 2005 | EDN 93



94 EDN |

designideas

Aq Ay
V-A V-A
I ly
—_— —
—| v
Vi l Rs Voo l c=—= L
FEEDBACK
-—
Veont l I Cs
= RECTIFIER

Figure 3 Rectifying a portion of the signal provides a gain-control voltage

for the amplifiers.
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Figure 4 Control characteristics
of an idealized JFET exhibit lin-
ear variation of forward transcon-
ductance versus gate-to-source
voltage.

heavily on the amplifier’s power-supply
voltage, causing frequency stability to
deteriorate if the supply voltage varies
with load.

Various oscillator circuits use differ-
ent designs within the amplifier block
in Figure 1. The popular common-
emitter Or common-source transistor
stage presents two important draw-
backs: First, it’s an inverting amplifier,
and, second, its output does not behave
as a good current source, especially
when heavily overdriven. Attempts to
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avoid these problems include trans-
former coupling or providing imped-
ance-matching taps on the LC circuit,
both of which complicate the design
and only partially solve the problems.

As Figure 2 shows, another oscilla-
tor topology features two cascaded non-
inverting amplifiers, A, and A, as volt-
age-to-current converters (voltage-
controlled current sources). In the cir-
cuit, coupling resistor Ry converts
amplifier As output current, I, to
voltage V, and drives the second
stage, A,. The tuned circuit’s dynamic
resistance converts A,’s output current
to output voltage, V,,, which feeds
back to A s input to complete the pos-
itive-feedback loop. The overall loop
amplification, A appears in
Equation 2:

TOTAL’

AToTAaL = A XAy =
RsRp[y21s1| X [y2152]-

In this equation, R,=QwL is the
dynamic resistance of the LC circuit at
resonance at the w frequency, Q is the
quality factor of the LC circuit, A, and
A, are the equivalent voltage amplifi-
cations of both amplifier stages, and
Iy, | and Iy, o | are the real parts of
differential-forward-transfer ~ admit-
tances of both amplifying stages. For
self-sustained oscillations, the basic
condition A >1 in Equation 1

(2)

TOTAL

must apply for all values of the LC cir-
cuit’s dynamic resistance, R, In theo-
ry, this condition presents no problem;
however, in practice, a situation arises
in which the circuit must operate as an
LC oscillator with a broad range of tun-
ing inductances and capacitances; a
wide range of tuned-circuit quality-fac-
tor Q, which the inductor primarily
determines; a constant-amplitude out-
put at any combination of conditions
A and B; and the best possible fre-
quency stability versus supply voltage
and load.

Most LC oscillator circuits cannot
simultaneously fulfill all of these require-
ments. Some oscillator circuits can
sequentially fulfill some requirements,
but none can fulfill all of them without
complicating the circuit beyond rea-
sonable limits. Figure 3 shows a circuit
deriving an external dc control signal
from V,, to control the voltage-to-cur-
rent-conversion coefficients—that is,
amplification factors—of A and A,.
Applying amplification control to
both stages considerably increases the
control’s effectiveness. In addition to
the original positive feedback for start-
ing and sustaining oscillation, you can
add an indirect negative-feedback
path to the oscillator circuit to limit
V,,’s amplitude. To meet the original
design goals, amplifier blocks A, and A,
should exhibit voltage-controlled
input-versus-output  characteristics,
should possess linear-control amplifi-
cation characteristics (Figure 4),
should not invert the signal’s phase, and
should draw nearly no input current.
Also, to emulate a current source, A,
should present the highest possible dif-
ferential internal output resistance.

The best active devices for both
amplifier stages are the selected N-
channel, medium-grade BF245Bs
JFETs with a drain current of 5 mA at
a gate-to-source voltage of OV and a
drain-to-source voltage of 15V. Figure
5 shows the final circuit, in which Q,
operates as a common-drain amplifier,
A, and Q, operates as a common-gate
amplifier, A .

The gate-source junction of Q, rec-
tifies the ac voltage, V,,, across the
tuned circuit. Coupling capacitor C,
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Figure 5 The completed oscillator circuit features a minimal component count.

in Figure 5 doubles as dc-voltage-
smoothing capacitor Cg in Figure 3
because its bottom electrode connects
to ground through the low dc resistance
of tuning coil L. The dc-control volt-
age drives the gate of Q, through resis-
tor R,. Capacitor C, connects Q,’s gate
to ground for ac signals, and Q, oper-
ates in common-gate connection be-
cause Qs source drives Q,’s source. To
minimize frequency variations due to
changing loads, a relatively low-value
resistor, R, in series with Qs drain, iso-
lates the output from the circuit’s fre-
quency-determining components. In
addition, one lead each of L and C con-
nects to ground.

The waveforms in Figure 6a and 6b
show no substantial change in the volt-
age across the tuned circuit even for
widely different values of L and C. The
voltage across the tuned circuit remains
constant within 3% over a supply-volt-
age range of 8 to 30V. The same or bet-
ter amplitude stability holds for the out-
put voltage (Figure 6¢), even at fre-
quencies as low as 5 kHz and as high as
50 MHz with no adjustment of any pas-
sive-component values, except for L
and C. Reducing the value of R, yields
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a smaller output voltage, further di-
minishing the effects of load variations
on the operating frequency.

The dc level of the top, flat part of
V oy rests at ground potential, and the
waveform goes negative due to the neg-
ative power-supply voltage. Because of
automatic-gain-control action, the
waveshape remains remarkably consis-
tent, regardless of frequency, exhibiting
slightly rounded corners, mostly due to
stray capacitances, at frequencies high-
er than 25 MHz. Only the LC circuit’s
ungrounded end provides a perfect sine
wave. Other voltage and current wave-
forms exhibit cutoff distortion because
both transistors operate roughly in
Class B mode, shifting toward Class C
at increasing power-supply voltages.
You can extract a sine wave directly
from the LC circuit, but variations in
load impedance will influence the oper-
ating frequency.

On the other hand, the negative dc
feedback controlling the gain of both
transistors prevents even relatively
large-load-impedance variations across
the tuned circuit from greatly affecting
the generated amplitude until the LC
circuit’s Q factor drops very low. At the

avz:12.1v

ave:11.2v

(b)

avV1:1.82V

¥ 1:500mV=

(c)

Figure 6 A clean sine wave (V22 in
Figure 3) appears across the tuned
circuit at 280 kHz for values of 147
pH and 2200 pF for L, and C,,
respectively (a). The sine wave with
respective values of 56 wH and 60
pF differ (b). The output waveform
at 280 kHz, for values of 147 pH
for L, and 2200 pF for C,, exhibits
a flat top (c).

expense of added complexity and a larg-
er component count, you can include
a buffer stage and extract a true sine
wave from the LC circuit, but, in the
circuit’s original application as a radar-
marker generator, the constant output
amplitude ranked as of greater impor-
tance than the waveshape.Ebn
(continued on pg 100)



advertisement

"ECHNOLOGY
|

\_

DESIGN
NOTES

Monitor and Profect Automotive Systems with Integrated

Current Sensing - Design Note 374
John Munson

Introduction

An automobile is an unforgiving environment for inte-
grated circuits, where under-the-hood operating tem-
peratures run from —40°C to 125°C and large transient
excursions on the battery voltage bus are expected. In the
past, electronics were part of the well-protected and
centralized Engine Control Unit (ECU), but the trend is
toward more distributed electronics. Electrically driven
accessories and fault-protection monitoring functions are
leaving the protective umbrella of the ECU and migrating
directly into vehicle subsystems.

For example, many functions formerly driven by the
engine—via belt and pulley or hydraulics—are now elec-
trically driven (motorized), such as water pumps, steering
mechanisms, brake actuators and various body controls.
These functions can become a safety risk if they are not
continually monitored for operational readiness and/or
have a back-up mode of operation. In either case, real-
time monitoring becomes necessary and generally
involves accurately measuring the current draw of each
subsystem.

Simple Current Monitoring Solutions

The LT®6100 and LTC6101 are high side current-sense
amplifiersthat have been developed specifically to address
the automotive designers’ needs. These parts require a
minimum number of support components to operate in
the harsh automotive battery-bus environment.

Figure 1 shows a basic high side current monitor using the
LTC6101. The selection of Ryy and Rgyr establishes the
desired gain of this circuit, powered directly from the
battery bus. The current output of the LTC6101 allows it
to be located remotely to Rgyt. Thus, the amplifier can be
placed directly at the shunt, while Royr is placed near the
monitoring electronics without ground drop errors.

This circuit has a fast 1us response time that makes itideal
for providing MOSFET load switch protection. The switch
element may be the high side type connected between the
sense resistor and the load, a low side type between the

load and ground or an H-bridge. The circuit is program-
mable to produce up to 1mA of full-scale output current
into Royr, yet draws a mere 250pA supply current when
the load is off.

Figure 2 shows the LT6100 used as a combination
current sensor and fuse monitor. This part includes on-
chip output buffering and was designed to operate with
the low supply voltage (>2.7V), typical of vehicle data
acquisition systems, while the sense inputs monitor
signals at the higher battery bus potential. The LT6100

AT, LTC and LT are registered trademarks of Linear Technology Corporation.
All other trademarks are the property of their respective owners.
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inputs are tolerant of large input differentials, thus allow-
ing the blown-fuse operating condition (this would be
detected by an output full-scale indication). The LT6100
canalso be powered down while maintaining highimped-
ance sense inputs, drawing less than 1pA max from the
battery bus.

Solving the H-Bridge Problem

Many of the newer electric drive functions, such as
steering assist, are bidirectional in nature. These func-
tions are generally driven by H-bridge MOSFET arrays
using pulse-width-modulation (PWM) methods to vary
the commanded torque. In these systems, there are two
main purposes for current monitoring. One is to monitor
the currentin the load, to track its performance against the
desired command (i.e., closed-loop servo law), and
another is for fault detection and protection features.

A common monitoring approach in these systems is to
amplify the voltage on a “flying” sense resistor, as shown
in Figure 3. Unfortunately, several potentially hazardous
fault scenarios go undetected, such as a simple short to
ground at a motor terminal. Another complication is the
noise introduced by the PWM activity. While the PWM
noise may be filtered for purposes of the servo law,
information useful for protection becomes obscured. The
best solution is to simply provide two circuits that indi-
vidually protect each half-bridge and report the bidirec-
tional load current. In some cases, a smart MOSFET

BATTERY BUS

=L

= "= DN374F03

Figure 3. Limited Performance H-Bridge Current Monitor
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bridge driver may already include sense resistors and
offer the protection features needed. In these situations,
the best solution is the one that derives the load informa-
tion with the least additional circuitry.

Figure 4 shows a differential load measurement for an
ADC using twin unidirectional sense measurements. Each
LTC6101 performs high side sensing that rapidly responds
to fault conditions, including load shorts and MOSFET
failures. Hardware local to the switch module (not shown
in the diagram) can provide the protection logic and fur-
nish a status flag to the control system. The two LTC6101
outputs taken differentially produce a bidirectional load
measurement for the control servo. The ground-refer-
enced signals are compatible with most AZ ADCs. The AZ
ADC circuitalso provides a “free” integration function that
removes PWM content from the measurement. This
scheme also eliminates the need for analog-to-digital
conversions at the rate needed to support switch protec-
tion, thus reducing cost and complexity.

Conclusion

The LT6100and LTC6101 high side current-sense ampli-
fiers simplify designs in the automotive environment.
High transient voltage tolerance (105V forthe LTC6101HV)
and ground-referenced outputs make it possible to
improve robustness and substantially reduce the parts-
count over traditional solutions.
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Use a system’s real-time clock
to “hide” a code sequence

Mihaela Costin, Delmhorst Instruments, Towaco, NJ

Although the concept of a total-

ly accessible system represents
an ideal situation for users, designers
now must limit access to—and conceal
code sequences for—software routines
for calibration, diagnostics, memory
erasure, system reset, and more. In a sys-
tem that includes a computer-compat-
ible interface, such as an RS-232, a
GPIB, or an infrared-I/O port, the sys-
tem’s software can detect unique input
patterns and execute the “secret” code
sequences. But if a system lacks a data
port, any attempt to implement a
secret-access feature in a publicly acces-
sible user interface makes it transparent

to the user, even if the feature includes
password protection. This Design Idea
offers an efficient way to activate a code
sequence without making the customer
aware that such a feature exists and
without requiring any hardware modi-
fications.

If a system includes an RTC (real-
time clock), you can define a date and
time stamp that invokes the hidden
code. The date acts as a password, and,
if you choose a date far in the past, a
casual user would be unlikely to stum-
ble across it. To implement the routine,
you can modify the system software by
inserting a date- and time-check rou-

Shunt regulator eases
power-supply-start-up woes

Michael O’Loughlin, Texas Instruments, Nashua, NH

The popular and multiply

sourced TL431 three-terminal
shunt regulator offers designers consid-
erable versatility in its applications.
Figure 1a illustrates the TL431’s inter-
nal circuitry, which comprises a preci-
sion voltage reference, an operational
amplifier, and a shunt transistor (Ref-
erence 1). In a typical voltage-regula-
tor application, two external resistors,
R, and R, determine the shunt-regu-
lated output voltage at the lower end
of load resistor R (Figure 1b). By way
of illustration, the TL431 and a few
external active and passive components
can serve as a low-power auxiliary
power supply for an SMPS (switched-
mode-power-supply) PWM (pulse-
width-modulated) controller. In some
power-supply designs, an auxiliary
winding on the step-down transformer
supplies power to the PWM controller.
Under light output loads, the auxiliary
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winding may supply inadequate power
to the PWM controller. For example,

tine at the location in which the hid-
den code executes. Under normal con-
ditions, the program skips the hidden
code and executes the routine only if
the system’s date matches the one that
the routine specifies.

For example, the following pseudo-
code illustrates the use of Aug 12, 1980,
as a system “password”:

Check_date:

if (Read_RTC(year) ==1980 and

Read RTC(month) ==8 and

Read_RTC(day) ==12)

run_hidden_sequence();

Continue_the_Code();

After completing the procedure, you
must remember to reset the system’s
clock to the current date and time.
Otherwise, the system executes the spe-
cial code for the remainder of the day
until the clock rolls over to the next
day.EDN

derives power for PWM controller IC,
through an auxiliary bias winding,
W,y Which is part of transformer T .
Resistor R and capacitor C, ,forma
trickle-charge circuit that supplies
start-up power to IC, . To conserve
energy, resistor R supplies just enough

current to trickle-charge C,,, , to volt-

the converter circuit in Figure 2 | age V, . Once the circuit starts, it
V|N
VIN
Rs
. Rs
CATHODE | Vspunt Vv
R O out
" IC, Vour
TL431
RA
RB
RB
_'_ ANODE =
(a) - (b)

Figure 1 An uncomplicated block diagram (a) conceals the TL431's internal
complexity, but you need only three external resistors to use the TL431 in a

basic shunt-regulator circuit (b).
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operates as you would expect and deliv-
ers output power to the load, and the
auxiliary winding and its components
power the PWM controller.

However, removing the output load
reduces the energy supplied to the aux-
iliary bias winding, depleting the
charge on C, and causing IC, to
turn off, which in turn upsets output-
voltage regulation and causes the power
supply to operate erratically. A low-
power bias-supply circuit supplies
light-load start-up power and then
switches off to conserve power when-
ever the auxiliary winding can supply
enough energy to PWM controller IC,
(Figure 3). In this circuit, a series-pass
regulator turns on under light-load
conditions and turns off when the bias
winding can supply the energy to the
PWM controller, thus conserving
energy under load and improving con-
verter efficiency.

Resistors R, through R, shunt reg-
ulator IC , diode D, and transistor Q,
form the low-load series-pass-regulated
bias supply. You select these compo-
nents to produce a voltage at Q’s emit-
ter that falls between IC s turn-off volt-
age and the nominal voltage produced
by rectifying the auxiliary bias winding’s
output, V, . you- 10 effect, the voltage
at IC’s V. pin follows in wired-OR
fashion whichever is higher: V,,
or the voltage at transistor Q,’s emitter.
When the auxiliary bias winding and its
components deliver sufficient power,
Q,’s emitter sees a reverse bias, and Q,
shuts off to conserve energy. Con-
versely, Q, supplies power when V,
decreases below V,, y o\ due toalight
output load. Note that the circuit still
must include trickle-charge resistor R |
because most PWM controllers incor-
porate undervoltage lockout, the abil-
ity to start at a higher than nominal
supply voltage.

To design the series-pass regulator,
select resistor R, to supply sufficient
operating current to IC,, and select
resistor R, to maintain Qs collector
voltage and current within its safe oper-
ating area. Select resistors R, and R ; to
set the series regulator’s output voltage
above IC s start-up voltage and below
the nominal voltage supplied by the
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Figure 3 In this improved design, pulse-width-controller IC, derives its

power from R, for start-up, auxiliary winding W

aux for normal operation,

and shunt-regulator circuit IC, and Q, for low-load operation.

auxiliary winding’s rectified output.
Choose bypass capacitor C, to mini-
mize ripple voltage across IC,.

You can use the following equation
to adjust the voltage divider formed by
resistors R, and R;:

VRer _
RB
Vaux_Nom —Vpr—Vee@,)~ Vrer—1V
Ry, '
The voltage at Qs emitter must fall
below the nominal auxiliary voltage,

which the auxiliary bias winding sup-
plies. Vi represents shunt regulator
IC,s internal nominal reference voltage
of 2.495V,and V, and V., represent
D,’s voltage drop and Q s forward base-
emitter voltage, respectively.EDN
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M@ O’Loughlin, Michael, “Shunt regula-
tor serves as inexpensive op amp in
power supplies;” EDN, Sept 15,
2005, pg 96, www.edn.com/
article/CA6255051.
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Design Example:
VIRTEX"  Get 1-5W lower power per FPGA,
only with the Virtex-4 family

Check the specs for yourself at realistic operating temperatures
(Tj =85°C). Different logic architecture or dielectric just won’t
do it. No competing FPGA comes close to Virtex-4 for total

power savings—take it to the lab and see.

» 73% lower static power
« Up to 86% lower dynamic power

Total Power (W)

UNIQUE TRIPLE-OXIDE TECHNOLOGY
& EMBEDDED IP

-nr ¥ Target -1

0 ¥ Frequency . At the 90nm technology node, power is the next big challenge
0 50 100 150 200 s  for system level designers. An inferior device can suffer leakage,
Performance (MHz) dramatic surges in static power, and thermal runaway. That’s
why we designed our Virtex-4 FPGAs with Triple-Oxide
Design Example: LX60 vs. 2560. Target Frequency = 200 MHz. Worst-case process. Technology”, embedded IP, and power-saving conﬁguration

20K LUTSs, 20K Flip-Flops, IMbit On-Chip RAM, 64 DSP Blocks, 128 2.5V 1/Os
Based on Xilinx tool v4.0 and competitor tool v2.1
For higher density devices, achieve up to 5W lower power staying within the power budget.

circuitry. Now you can meet your performance goals, while

Visit www.xilinx.com/virtex4/lowpower today, and get the right
solution on board before your power issues start heating up.

$TXILNX

The Programmable Logic Company*

www.xilinx.com/virtex4/lowpower View The
TechOnLine
Seminar Today

BREAKTHROUGH PERFORMANCE AT THE LOWEST COST I—

© 2005 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.




hh =

Performance Beyond Limits
... ready for Extreme Embedded Computing?

ETXexpress

Reliable COM.0 Solutions

ETXexpress products are next generation
embedded modules based on the PICMG
COM Express standard. ETXexpress
provides the hightest performance and
1/0 bandwidth available in COMs.

» PCI Express - the elemental data path
» Gigabit Ethernet - for high connectivity
» USB 2.0 - for fast periphery

» Serial ATA - for fast drives

ETXexpress-PM > ACPI - for optimized power management
» Highest performance state of the art embedded module
» Intel® Pentium® M processor and advanced Intel® chipset

com - E-,)(‘*L.’ess‘” Get ready. Get ETXexpress

Express Visit www.kontron.com/ETXexpress

Intel’
Communications
Alliance
Premier Member

Computer-On-
Modules

Blades &
Mezzanines

CPU
Boards

Mobile
Rugged

Custom
Solutions

Systems

Kontron and the Kontron logo are registered trademarks of Kontron AG. All other trademarks

are the property of their respective owners. ©2005 Kontron America, Inc.

¢ kontron
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OPTOELECTRONICS/DISPLAYS

Surface-mount series has

high-power infrared LED in 0805 chip

The OP200 GaA 1A infrared-LED devices come in an 0805-chip package with
a flat, molded lens providing a wide beam angle and evenly distributed emis-
sion pattern. The units produce an 880-nm wavelength and feature a 1.5V forward
voltage, 50-mA continuous forward current, and 130-mW power dissipation at 25°C.
The device produces a 0.2 mW/cm? aperture power at 20-mA forward current. The

OP200 sensors cost 20 cents (2500).
Optek Technology, www.optekinc.com

for backlight color and

monochrome LCDs

These white, single-LED back-

lights provide light for color and
monochrome LCDs. The units can have
a diagonal measurement of 0.25 to 4.7 in.
The devices incorporate the vendor’s
MicroLens pixel-based light-extraction
technology. Measuring 0.6 mm thick, the

backlights cost $1.20 for a 1.5-in.-diago-
nal unit for cell-phone displays and $1.75
for backlights in a monochrome digital-
thermostat display.

Global Lighting Technologies, www.
glthome.com

LED has 50-mA
drive current

The white-emission LTWE670DS

color LED features heat-manage-
ment technology that allows it to accom-
modate currents as high as 50 mA. The
LED generates 3000 mcd and has a 120°
viewing angle. The lead-free, ROHS (re-
duction-of-hazardous-substances)-compli-

ant device comes in various light intensi-
ty/brightness and hue/chromaticity co-
ordinates.

LiteOn Inc, www.us.liteon.com

3W power-LED
module features
90-lumen brightness

Based on Cree Xlamp technology,

the 3W LK3 series LED module
comes in a metal-core pc-board base. The
device has a 100° viewing angle with full-
spectrum wavelengths from 465 to 635
nm and in white to 8000K. Additional
peripherals include a 700-mA maximum
I, rating and a 90-lumen brightness. The
LK3 module costs $6.
BivarOpto, www.bivar.com

Surface-mount RGB LED
features water-clear lens
for diode protection

N With a low profile, the SML5050-
RBGIK-TR surface-mount, full-
spectrum RGB LED measures 5.5X5.5
mm. Emitting high-intensity light in a 120°
viewing angle, the LED features 150 to 500
med luminous intensities at a 20-mA cur-
rent, depending on the color. A water-clear
lens protects the diode array. The SML-
5050RBG1K-TR SMT LED costs $2.15.
LEDtronics, www.ledtronics.com

8.4-in. TFT LCD suits
industrial use

Measuring 8.4 in., this amorphous-

silicon, TFT (thin-film-transistor),
VGA -resolution LCD features a 400-cd/
m? luminance and a 72% color gamut,
equivalent to a CRT. The device has a
viewing angle of 170°and a — 10 to +70°C
operating-temperature range.
NEC Electronics America Inc, www.
am.necel.com
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MICROPROCESSORS

FPGA-based processor
PMC includes memory
and high-speed data I/0

Targeting SDR (software-defined-

radio) and DSP applications, the
[CS-1580 baseband-processing engine
employs a user-programmable Xilinx Vir-
tex I Pro FPGA surrounded with mem-
ory and high-speed data I/O. The device
also includes four banks of SDRAM, four
banks of high-speed QDRII SRAM, and
two 128-Mbit flash-memory units. It pro-
vides a 64/66 PCI interface, as well as
high-speed serial-switched-fabric capa-
bilities, enabling an aggregate bandwidth
of 25 Gbps.
Radstone Embedded Computing,
www.radstone.com

Video-control-processor
IP suits hard-disk formats
The programmable SVEN (scal-

able-video-engine) platform com-
plies with video-decoder standards, in-

cluding H.264, VC-1, and MPEG-2 for

resolutions of 1080i and 720p. The
product features a video-processing en-
gine, a picture-memory controller, 1P
(intellectual property) for process-en-
tropy-decoding tasks, and a binarization
extension. The video-control processor
uses multiple-instruction, multiple-
data control to provide parallel-pro-
cessing slots; each slot has its own data
memory. The processor uses a three-
stage instruction pipeline, permitting
two neighboring slots to work in paral-
lel to allow conditional executions
within one cycle.

On Demand Microelectronics, www.
ondemand.co.at

Processor targets ZigBee-
network applications

Targeting processor-intensive Zig-

Bee applications that benefit from
a dedicated microcontroller, the EM260
network processor features an EmberZNet
2.0 networking stack. The EmberZNet 2.0
includes a transport layer for wireless com-
munications and supports application pro-

IS YOUR INVERTER COMPATIBLE

m When you use an ERG inverter, it will be compatible with your panel.
m If one of our many standard inverters isn’t a perfect match, we'll build one that is.

m Lifetime Project Support

B Find the inverter you need at www.ergpower.com.

m Call for Inverter/Application Assistance.

1-800-215-5866

www.ergpower.com

€ndicott Research Group, Inc.
The Power Behind the Display

106 EDN | OCTOBER 27, 2005

files for home controls and user-defined
network applications. A development kit
with distributed network-debugging and
visualization tools allows users to upload
firmware and collect debugging informa-
tion simultaneously across multiple de-
vices. The EM260 costs $3.50.

Ember Corp, www.ember.com

Video-optimized IP
cores target handheld
semiconductor design

Adding to the Mali line of smart

pixel-processing cores, the Mali
video series comprises the Mali 110V, Mali
55V, and Mali GP-V geometric-process-
ing core. These pixel-processing cores
function with the ARM core to acceler-
ate video encoding and decoding to 30
frames/sec, as well as handle motion esti-
mation, motion compensation, video scal-
ing, image differencing, and color-space-
conversion tasks. Suited for handheld-
semiconductor design, the cores include
an out-of-the-box software stack that is
preverified to support OpenGL ES and
Microsoft Direct3D Mobile, along with a
performance-analysis tool.
Falanx Microsystems, www.falanx.com

Compiler-development
system supports
embedded-C extensions

TR 18037 programming lan-

guages—C extensions to support
embedded processors—specify fixed-
point arithmetic, named-address spaces,
named-register storage classes, and basic
[/O-hardware-addressing support in the C
programming language. This embedded-
C-language package features front-end
support for embedded-C-language ex-
tensions, runtime libraries, and intrinsic
function libraries for creating embedded-
C compilers. Available packages include
the CoSy base, DSP-C, Embedded C,
C++, advanced optimizations, the
CoSy Express generator, ARM CG,
Pentium CG, and Sparc CG. Perpetual
licenses cost $250,000.
ACE Associated Compiler Experts,
www.ace.nl
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Maxwell Technologies™ BOOSTCAP® ultracapacitors were
designed to work with system batteries to improve power
management and relieve peak load-time stress on batteries.

The MC2600 series ultracapacitors boast unrivaled performance
with over 1,000,000 duty cycles and a 10 year life span perfect
for hybrid power applications, battery back-up or any application
requiring a boost in power that batteries alone can not handle.

Peak Power Shaving

Available Power

Peak Power Supplied
By The Ultracapacitor

Raquired Poyer

Find The Right Ultracapacitor Solution With Our Free Sizing Tool: www.maxwell.com/go.php?id=210

www.maxwell.com info@maxwell.com

1.858.503.3300

TCAP axwell

ULTRACAPACITORS TECHNOLOGIES
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High—Speed Digital Design

a two-day workshop in Black Magic for serious digital designers

San Jose, CA - January 30-31

Advanced High—Speed Signal Propagation

for experienced digital designers who want to press their designs to the upper limits of speed and distance

San Jose, CA - February 2-3

REGI

For more info contact Signal Consulting, Inc. 509-997-0505 or infoO3@sigcon.com
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This advertising is for new
and current products.

M Standalone
l_IE Vision System .~

OEM $79

apein piepuels

640x480 Image Sensor, Color/BW, 4x3", C/C++
Programmable x86, CompactFiash FAT, Ethernet TCP/IP,
RS232/485, RTC, TTL

Machine vision; ID mark check; Pattern recognition;
Industrial process control; Motion position detection;

Security monitoring; image acquisition and recording.

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

1724 Pl(nssa Ave Suite A
Davis, CA US
Tel: 530- 758 0I80 o Fax: 530-758-0181

ey e e

INC. sdles@tern.com

USB CANbus 12C RS232/485 GPS

USB to I12C
for PC’s

NEW! UCA93LV - bus-powered

USB 12C interface - great for laptops!
400kHz bus monitoring / addr. filtering!
Also: PCI93LV - PClbus version 12C

$499.00

* USB to RS232

EASILY turn legacy RS232 devices into
USB with just one ic! Simply replace
RS232 level-shifting ic with FT232BM

- including all Windows/Linux/Mac drivers!

7 ‘ Saelig Company Inc.

master/slave/bus-monitor.

12C & USB BUS ANALYZERS
§3d0J3S O0d ® 9NIDOO0O1-VvVLiva

p: 888-7-SAELIG
www.saelig.com

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

VERSALOGIC

CORPORATION

(800) 824-3163 * info@VersaLogic.com

TechRecovery

Test Equipment At Wholesale Prices

www.techrecovery.com

Guaranteed

Anritsu Sitemaster $331/S331A/5331B

HP Agilent 33250A 80MHz Function Generator

HP Agilent 4142B Modular DC Source

HP Agilent 83711B 1-20GHz Synth. Generator $12,995.00
HP Agilent 86100A Infiniium Scope - Opt. 001 $11,495.00

HP Agilent E4400A 1GHz RF Signal Generator ~ $5,995.00
HP Agilent E4418B Single-Channel Power Meter $2,495.00
Tektronix AFG2020 Waveform Generator $6,995.00
Tektronix AM700 Audio Measurement System  $5,995,00
Tektronix TDS3014B 100MHz 4Ch. Oscilloscope $3,995.00
Voltech AT3600 Transformer Tester * Various Configs. * Call

Call Today!
Toll-Free
1-877-TestUSA

Quick TuriTNg@
Calibration Aval iy
International Shipping.

ARM \=2 Development Tools for ARM

CONNECTED

IDE's, In-Circuit Emulators & Evaluation Boards

Embest IDE for ARM
'Mimco/gtmllerdevelopment tools

® High-performance, low-cost tool suit
e Includes editor, compiler, debugger,
flash programmer and JTAG emulator

- Flash Programmer
® Downloads code to ARM7/9 target
boardvia JTAG port
= eSupports on-chip flash
= programming for LPC2000 series,
At91SAM7 series and STR710 series

In-Circuit Emulators
-EthenetandUSB%onbased
®JTAG compatible for target
communication

—— &g 'SupportEmbestlDE ADS, SDT,

n Evaluatlon Boards for ARM
AN!SAWS“ 317'\'710FZZT6 LPCZDM

53C2410
Board

Getmore mfo at

I’C/SMBus

@ Bus Monitors

® Protocol
Analyzers

® Host
Adapters

® Multiplexers

& Batfery
Applications

® Software
Tools

CC

Micro Computer Control

I’C is a trademark of Philips Corporation

WWw.mcc-us.com

Many Accessories Available
On Rush Shipped Cabinets

A wide array of vertical racks, 15°
sloped front consoles, work stations
and instrument cabinets will ship
within five days of receipt of order
under Equipto Electronics Corpora-
tion’s “Express Line” service. Many
accessories can be specified.

Equipto Electronics Corp.
800-204-7225 » Fax 630-897-5314

web site: www.equiptoelec.com
e-mail: info@equiptoelec.com

YorCOMPLETE
Ultrasonic Sensor Source

* Electrostatic Sensors  * Piezoelectric Sensors
* Ranging Modules * Components, Kits

I SensComp
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YESTERDAY’S HYPE MEETS TODAY'S REALITY

STATS

Airport gives advanced baggage-handling system the boot

Ongoing problems with the advanced, automated baggage-handling system delayed the

opening of the Denver International Airport for 16 months until February 1995. Now-
defunct BAE Automated Systems designed the system using the Wonderware InTouch human-
machine interface from Invensys Systems Inc. The system’s cost zoomed from an estimated
total of $185 million to more than $300 million, due to extra engineering and debugging costs,
interest, and penalties.

With 26 miles of track, the system was supposed to shunt bags in small, gray carts from
source to destination, tracking and steering the carts onto conveyor tracks. A central computer
would track carts in real time and would control per-cart steering. But tracking the carts and
dealing with inevitable spills, pileups, breakdowns, and other deviations from ideal overwhelmed
the system. After years of trying to fix it or work around it, airport officials have shut down the
system. They are dismantling its parts and selling them off for scrap. They plan to replace the
system with a more manual one employing handheld bar-code readers and lots of people. You
can get more details at http://ntlbts.gov/DOCS/rc953bbrhtml.—by Bill Schweber
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Scalahle, cost-effective
solution for complex
PCB designs

Quickly creating the fanout for dense,
high-pin-count devices is just one of
the many tasks made easy with
OrCAD® PCB Designer. Here are
some others:

* Quickly placing critical components
to optimize logical connections

* Producing customized reports

e Adding or customizing drill
tolerances, symbols, characters

* Routing power and ground to split
power planes

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

* OrCAD Capture® schematic entry

* OrCAD PCB Editor place-and-route
(based on Cadence® Allegro® technology)

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

You can further enhance productivity
by adding optional PSpice® A/D for
circuit simulation or by adding

OrCAD Signal Explorer (based on
Cadence Allegro technology) for signal
integrity and topology exploration.

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

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

OrCAD PGB Designer has
a growing number of fans

nc. Al rights reserved in the U.S. and other countries.
go, OrCAD Capture, PSpice, and SPECCTRA are registered trademarks of Cadence Design Systems, Inc.
e
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ema-eda.com



Your Black Box

approach fo visual

embedded design.

Go from concept to embedded ASIC
in one hour or less with PSoC Express.’
Start with our Programmable-System-on-Chip™ (PSoC™)
mixed-signal array: Powerful programmable analog
and digital blocks with MCU and flash for less than $2,
replacing thousands of fixedfunction ICs. Pair it with
free PSoC Express software, our revolutionary, codefree
visual design tool. The result is hasslefree system-level
embedded design with unprecedented time to market.
The PSoC Express tool suite provides:

HesT | Development time reduction of 90% + vs.

SPEC | competitive toolsets

= Freedom from C and assembly coding, automatic
code generation with no registers to define, no code
optimization, and no debug required

® Drag-and-drop access to our library of temperature
sensors, switches, potentiometers, relays, FETs and fans

= Automatic generation of a datasheet, schematic and
bill of materials

= Portability to our fullfeatured PSoC Designer™ tool

I WANT MY BLACK BOX DESIGN KIT
For a PSoC Express Development Kit,
free PSoC Express Software, or to attend
a free NetSeminar; visit
www.cypress.com/ad/psocexpress

PSOC
EXPRESS

DEVELOPMENT TIME COMPARISON

MPLAB 70 & PIC 18 66 HOURS ‘ ‘

PSoC Designer™ 4.2 43 HOURS

I Debug
[ Software

LESS THAN AN HOUR M Hardware

PSoC Express™ 1.1

15 20 25 30 35 40 45 50 55 60 65

TIME IN HOURS

PSoC Express can reduce your development time from weeks to less than an hour.

FAST CODE-FREE VISUAL DESIGN
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9010 150°C

12Cslave
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| OFF ‘ ON ‘BLINKING‘

Error

Visually input external sensors, logic functions, output devices, and 12C
communications while PSoC Express codes, simulates, and automatically
programs your application into the PSoC IC.
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PSoC, Programmable System-onChip, PSoC Designer and PSoC Express are trademarks of Cypress Semiconductor Corporation. © Cypress Semiconductor Corporation. Al rights reserved





