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The TPS63000 buck-boost DC/DC converter delivers up to 96% peak efficiency over a wide 
input voltage range of 1.8 V to 5.5 V up to 1.2 A. Extending battery life in one-cell, Li-Ion powered
multimedia handhelds, the TPS63000 provides up to 28% greater run-time compared to a standard
buck converter with a 3.3-V output – all from a space-saving 3 x 3 mm2 QFN package.

96% Efficient Buck-Boost Converter

High Performance. Analog.Texas Instruments.

Longer Run-Time

For datasheet, evaluation module and samples,
visit www.ti.com/tps63000
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Applications

– Set-top boxes

– Digital televisions

– Personal video/DVD
recorders

– Portable USB 
devices

Features

– 2.7V to 5V single-supply
operation

– Low power consumption:
55mW at 3.3V

– 2:1 Input MUX allows 
multiple input sources

– I2C Control of all functions

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

– Selectable input coupling
modes

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

– Individual channel disable
with independent channel
mute control

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

For Samples,

Evaluation Modules and

Technical Information 

3-Ch. Low-Power Video Amp
with I2C Control 

AMPLIFIERS

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

DaVinci, DLP, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1566A0 © 2006 TI

Technology for InnovatorsTM

Filter -3 dB # of Bypass Price
# of Freq Filter Bandwidth Gain Input Output SAG Starts

Device Channels (MHz) (typ) Poles (MHz) (typ) (dB) Coupling Coupling Output at 1K

THS7303 3 9, 16, 35 5 190 6
AC-Bias,

AC or DC Yes $1.65AC-STC,
DC, DC+Shift

THS7313 3 8 5 – 6
AC-Bias,

AC or DC Yes $1.20AC-STC,
DC, DC+Shift

THS7353 3 9, 16, 35 5 150 0,
AC-Bias,

AC or DC No $1.65
Adjustable

AC-STC,
DC, DC+Shift

Channel 1 of 3

6dB

SAG

Input
Mode
Select

9/16/35-MHz
Bypass

2:1
MUX

Ch. 1
Input  A Ch. 1

Output

Ch. 1
Input  B

LPF
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www.gage-applied.com
prodinfo@gage-applied.com

GaGe's OctopusTM family of multi-channel digitizers features up to 8 channels, up to 4 GB of on-board
acquisition memory, and up to 125 MS/s sampling per channel on a single-slot PCI card. 

Starting at less than $1,000 per channel, you save money by paying only for the number of channels 
that you need.  With our Octopus family of digitizers, we offer you many more options than ever before.

Introducing GaGe's Octopus family of multi-channel digitizers

Features
�  2 to 8 digitizing channels

�  12 or 14-bit resolution

�  10 to 125 MS/s sampling per 
channel

�  128 MS to 2 GS of on-board 
acquisition memory

�  Advanced on-board eXpertTM

FPGA signal analysis: peak 
detection, signal averaging, 
and FIR  ltering

�  From less than $1,000 per 
channel

�  GageScope® Windows-based 
oscilloscope software for 
programming-free operation

�  SDKs for C/C#, LabVIEW, 
or MATLAB, for custom 
development

Applications
Radar Design and Test
Disk Drive Testing
Manufacturing Test
Signal Intelligence
Lidar Systems
Communications
Non-Destructive Testing
Spectroscopy
High-Performance Imaging

Who needs lots of channels?

Our eXpertTM advanced on-board FPGA technology, such as Peak Detection, Signal Averaging, and 
FIR Filtering, is also available.

Try our GageScope® Windows-based oscilloscope software for programming-free operation or one of 
our Software Development Kits for C/C#, LabVIEW, or MATLAB, for custom development.

12-bit / 14-bit 2 Channel 4 Channel 8 Channel

10 MS/s CS8220 / CS8320 CS8240 / CS8340 CS8280 / CS8380

25 MS/s CS8222 / CS8322 CS8242 / CS8342 CS8282 / CS8382

50 MS/s CS8224 / CS8324 CS8244 / CS8344 CS8284 / CS8384

65 MS/s CS8225 / CS8325 CS8245 / CS8345 CS8285 / CS8385

100 MS/s CS8227 / CS8327 CS8247 / CS8347 CS8287 / CS8387

125 MS/s CS8229 / CS8329 CS8249 / CS8349 CS8289 / CS8389

Octopus Family of Multi-Channel Digitizers

NEW OCTOPUS MULTI-

NEW OCTOPUS MULTI-

CHANNEL DIGITIZERS

CHANNEL DIGITIZERS

Sample Application: Analog Stimulus/Response System
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Visit our website for more information: www.gage-applied.com/edn05

EDN_060525_GaGe.indd   1 4/26/2006   12:15:27 PM
587495_004.indd   1587495_004.indd   1 5/10/2006   10:19:00 AM5/10/2006   10:19:00 AM



Enter xx at www.edn.com/info

587188_005.indd   1587188_005.indd   1 5/8/2006   12:16:10 PM5/8/2006   12:16:10 PM



Enter xx at www.edn.com/info

DC measurement
Real-time plotting
DC source
Data analysis
0.1fA resolution
Organizes test file
Test sequencing
Looping control
Windows®-based GUI
Creates, edits, compiles subroutines
Data management
Sub-femtoamp noise

User test modules
Pulse I-V control software
Reliability testing
Interactive test modules
User libraries
External instrument drivers
Standardizes test methods
Automation capabilities
Prober control support
10/100 Base-T network interface
Pulse generation (dual channel)
Digital oscilloscope (dual channel)

LCR meter support
Stress/measure capabilities
Semiconductor modeling support
Switch matrix configurations (4)
Device modeling simulation support
Printing
Spreadsheets
Mass storage

4-probe Van Der Pauw resistivity measurements
Hall measurements
Subroutine libraries
Factory supplied libraries
System diagnostics
System security

Request a FREE Semiconductor Interactive Test Environment
Simulator at www.keithley.com/at/303.

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

publisher@keithley.com   � 1-800-588-9238   � Fax 440-248-6168

The industry’s leading parametric analyzer 
now has lab-grade PULSE CAPABILITY
Keithley’s easy-to-use Model 4200-SCS provides a total solution for

DC and pulse characterization and reliability testing.

ONE T O O L B O X
A L L  T H E  T O O L S

www.keithley.com
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91 JFET-based dc/dc converter operates from 300-mV supply

94 Configurable logic gates’ Schmitt inputs make versatile monostables

98 Stealth-mode LED controls itself

100 Data-acquisition system captures 16-bit voltage measurements using the USB
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Dynamic packet
classification enables
multimedia traffic on
WLANs

55Rethink your QOS
implementation to
ensure that your design

can handle wired and wireless
clients. by Edward Lor, SiNett Corp

Power dissipation 
in high-end integrated
communication
processors

63Arm yourself with tough
questions for chip
vendors to more

accurately compare power among
processors. by Ravi Chandran,

Freescale Semiconductor

contents

Digital power lures
system architects,
power-supply vendors

46Digital power promises
to lower overall system-
power costs by im-

proving maintenance costs and
reliability, lowering power-com-
ponent costs, and simplifying
BOMs. To achieve these goals,
designers must add smarts to the
traditionally dumb power subsys-
tem. Digital-power-control and 
-management ICs offer help. 

by Margery Conner, 
Technical Editor

Displays invade em-
bedded-system space

39Full-color graphics
displays in high-volume
consumer products,

such as mobile phones and music
players, have captured the
attention of the public and set new
standards for embedded-device
design. 

by Warren Webb, Technical Editor
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Maintain thermal
stability for power-
MOS devices

73Power MOSFETs can
experience thermal
effects, but designers

can use Spice-model parameters
to prevent this thermal instability.

by Stephen Meek,
On Semiconductor

A simple software
lowpass filter suits
embedded-system
applications

77Building a digital
equivalent of an analog
lowpass RC filter

requires a couple of lines of C
code. by Barry L Dorr,

Dorr Engineering

Don’t pay for level
translators in systems
using multiple power-
supply voltages

81Lower-power-supply-
voltage ICs sometimes
require today’s systems

to use several voltages. But you can
often avoid the expense of level
translators. by Gaurang Kavaiya,

Microchip Technology
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Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1518A0 © 2006 TI 

The new OPA333 zero-drift operational amplifier combines excellent precision, micropower and
tiny packaging to achieve breakthrough performance. Featuring operation down to 1.8V, the
OPA333 targets demanding applications in medical instrumentation, temperature measurement,
test equipment and consumer systems.

ZerØ-Drift Operational Amplifier

High Performance. Analog.Texas Instruments.

Right on Target

For datasheet and samples, visit 
www.ti.com/opa333

0.02µV/°C Drift

1.8V - 5.5V

1.1µVpp Noise

350kHz

OPA333

Precision
2µV offset

microPower
17µA

Small Package
SC70, SOT23
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MMeeddiiaa  CCeenntteerr::  sseerrvviinngg  vviiddeeoo  
ttoo  ssccrreeeennss  llaarrggee  aanndd  ssmmaallll

How ably can a PC serve as the center 
of the home-entertainment universe?
➔www.edn.com/article/CA6325593

DDeessiiggnn  IIddeeaa::  PPrrooggrraammmmeedd  rreeffeerreennccee  
oosscciillllaattoorr  ggeenneerraatteess  nnoonnssttaannddaarrdd  cclloocckk  
ffrreeqquueenncciieess
➔www.edn.com/article/CA6325589

DDoouubbllee  ttaakkee::  RReeaasssseessssiinngg  xx8866  CCPPUUss  
iinn  eemmbbeeddddeedd--ssyysstteemm  aapppplliiccaattiioonnss
➔www.edn.com/article/CA6325588

DDeessiiggnn  IIddeeaa::  MMiiccrrooccoonnttrroolllleerr  ssiimmpplliiffiieess  
bbaatttteerryy--ssttaattee--ooff--cchhaarrggee  mmeeaassuurreemmeenntt
➔ www.edn.com/article/CA6325591

PPoowweerr--mmaannaaggeemmeenntt  tteecchhnniiqquueess  
ffoorr  mmuullttiimmeeddiiaa  mmoobbiillee  pphhoonneess
➔www.edn.com/article/CA6321535

DDeessiiggnn  IIddeeaa::  UUssee  aa  sswwiittcchhiinngg--rreegguullaattoorr
ccoonnttrroolllleerr  ttoo  ggeenneerraattee  ffaasstt  ppuullsseess
➔www.edn.com/article/CA6321526

KKeeyyss  ttoo  ssiimmuullaattiioonn  aacccceelleerraattiioonn  
aanndd  eemmuullaattiioonn  ssuucccceessss
➔www.edn.com/article/CA6325597

SSUUBBMMIITT  YYOOUURR  DDEESSIIGGNN  IIDDEEAA

The Design Ideas section (pg 91
and www.edn.com/designideas)
remains one of EDN’s most popu-
lar. But it doesn’t write itself. So if
you’ve got a good idea, please sub-
mit it. You could get it published in
EDN—and make $150.
➔ www.edn.com/info/30988.html

online contents
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DDIIGGIITTAALL  PPOOWWEERR  LLUURREESS  SSYYSSTTEEMM  AARRCCHHIITTEECCTTSS,,  
PPOOWWEERR--SSUUPPPPLLYY  VVEENNDDOORRSS  
(pg 46):

DDiiggiittaall  ppoowweerr  IICC  ccoommbbiinneess  ppoowweerr  ccoonnvveerrssiioonn  
aanndd  mmaannaaggeemmeenntt
➔www.edn.com/article/CA6268902

DDiiggiittaall  ppoowweerr  ccoonnttrroolllleerr  iiss  ffaasstt  aanndd  ssooffttwwaarree--ccoonnffiigguurraabbllee
➔www.edn.com/article/CA6293748

SSCCAALLIINNGG::  AA  BBAALLAANNCCEEDD  VVIIEEWW,,  PPAARRTT  TTWWOO  (pg 34):

SSccaalliinngg::  aa  bbaallaanncceedd  vviieeww,,  ppaarrtt  oonnee
➔ www.edn.com/article/CA6317072

AA  SSIIMMPPLLEE  SSOOFFTTWWAARREE  LLOOWWPPAASSSS  FFIILLTTEERR  SSUUIITTSS  
EEMMBBEEDDDDEEDD--SSYYSSTTEEMM  AAPPPPLLIICCAATTIIOONNSS (pg 77):

DDeessiiggnn  IIddeeaa::  LLoowwppaassss  ffiilltteerr  uusseess  oonnllyy  ttwwoo  vvaalluueess
➔ www.edn.com/article/CA90759

BBaakkeerr’’ss  BBeesstt::  TThhrreeee  aalltteerrnnaattiivveess  ttoo  yyoouurr  aalliiaassiinngg  pprroobblleemmss
➔ www.edn.com/article/CA379883

READERS’ CHOICE

FROM THE VAULT

www.edn.com

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

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

IN CELEBRATION OF
OUR 50TH YEAR OF
PUBLICATION, we’re
revisiting articles from
deep in the EDN archives
in a new department
called Milestones That
Mattered. In each installment, we analyze an event that
turned out to have lasting significance—even if no one
(including EDN editors) grasped its importance at the time.
Read the latest Milestones That Mattered column on 
pg 36 and check out these previous editions:

TThhee  ppllaannaarr  IICC——rreevvoolluuttiioonn  uunnddeerreessttiimmaatteedd (April 27, 2006)

Read EDN’s 1960 coverage of the development of the
planar IC. We underestimated its importance—but so did
everyone else.
➔ www.edn.com/article/CA6325586

RRAAMMAACC  llaauunncchheedd  ddiisskk--ddrriivvee  rreevvoolluuttiioonn (March 30, 2006)

A two-paragraph item in the November 1956 issue of
EDN noted IBM’s development of the 350 Disk File, pre-
cursor to today’s hard-disk drives.
➔ www.edn.com/article/CA6317063

VOICE OF THE ENGINEER

50years

designideas
READERS SOLVE DESIGN PROBLEMS
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See section 17 to browse over 80 pages of industrial
control solutions & panel meters from these great 
manufacturers.

your panel meter
distributor of choice.ALLIED

With Allied, your electronic and
electromechanical product solutions are
unlimited. If it’s not in our catalog, 
WE’LL FIND IT FOR YOU.
1.800.433.5700

©
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In December 1998, I did a hands-on
comparison of Windows NT-based PCs
and Unix workstations (Reference 2).
I tested systems ranging from a Pentium
II PC that I built to a Compaq (www.
compaq.com) dual-processor Pentium
II-based workstation to a Hewlett-
Packard (www.hp.com) J Class Unix
workstation. The PCs fared well,
although the larger caches in the Unix
systems paid off in some applications.
But, at the time, readers were adamant
that engineering work demanded a
Unix workstation. The readers based
their preference on the operating sys-
tem rather than on the hardware. A
column in the same issue stated my
preference for Windows NT over Unix
(Reference 3). It garnered a response
from readers that filled my e-mail inbox
with a collective critique of my intel-
lect. But I was correct in my prediction
that the PC market would supersede
the workstation market.

Since 1998, many factors have com-
bined to undermine the future of the
specialty workstation. First, worksta-
tions lost whatever performance edge
they once held. The effort of HP and
Intel (www.intel.com) to build the Ita-
nium processor has been a failure in
workstations and has fared only slight-
ly better in servers. Sun has also failed
to offer compelling performance ad-
vantages in UltraSPARC. In fact, Fujit-

su (www.fujitsu.com) largely outpaced
Sun in UltraSPARC development,
even though Sun used its own Texas
Instruments (www.ti.com)-manufac-
tured chips. But the availability of Pen-
tium-class designs from both AMD
(www.amd.com) and Intel has erased
any advantage that UltraSPARC once
enjoyed. The features of PC-support
chips, such as graphics processors from
Nvidia (www.nvidia.com) and ATI
(www.ati.com), have also equaled or
surpassed the abilities of mainstream
workstations.

Linux is the second factor in the suc-
cess of the PC as a workstation. I was
wrong in 1998 about Windows NT.
Even today, Windows XP lacks the
robustness for critical engineering
applications. But major EDA compa-
nies have ported their applications to
Linux. Sun and others have always
made many of their profits from their
operating systems and were slow to
embrace Linux. But that latency cost
them hardware business in both work-
stations and servers.

Finally, notebook technology has
made PC workstations popular with
engineers. Today, engineers can take
their workstations home or on trips,
and those workstations are still fairly
powerful tools. Several companies
once tried to roll out portable Unix
workstations, but the technology was

expensive and never caught on. But the
skyrocketing popularity of notebooks
has led to amazing developments in
power-system design, cooling, and
low-power ICs that allow notebook
vendors to offer systems that approach
the power of a desktop. Gaming note-
books are among the hottest segments
and offer the performance and graph-
ics features—albeit with a different
operating system—that design engi-
neers need.

With the workstation and server seg-
ments vulnerable, Sun, Silicon Graph-
ics, and others have fallen back on 
the high-performance-computing seg-
ment. The companies offer densely
clustered systems and even supercom-
puters. But PC hardware is also attack-
ing the high-performance-computer
market. The Top 500 Supercomputer
Sites Web page lists the most powerful
systems (Reference 4). A system based
on Dell (www.dell.com) PowerEdge
systems occupies the fifth spot.

When I consider the success of the
PC in the high end, the continued push
into multiple-PC homes, and the Tro-
jan-horse approach to hiding PCs
inside PVRs (personal video recorders)
or next-generation HD-DVD players, I
have to wonder about those people who
claim that the PC is dead. How could
we live without the PC, whose success
underlies everything from test equip-
ment to industrial control to automo-
tive systems?EDN

R E F E R E N C E S
“Silicon Graphics Files for Chapter

11 Protection,” The Wall Street
Journal, May 8, 2006, http://online.
wsj.com/article/SB1147083679716
46497.html?mod=technology_main_
whats_news.

Wright, Maury, “Hands-On Eval-
uation: Workstations go under the
microscope,” EDN, Dec 3, 1998, pg
90, www.edn.com/article/CA81883.

Wright, Maury, “Unix or NT? Why,
NT, of course,” EDN, Dec 3, 1998,
pg 38 www.edn.com/article/
CA81886.

Top500 Supercomputer Sites,
www.top500.org.

BY MAURY WRIGHT, EDITOR IN CHIEF

s the specialty-engineering workstation dead? Just this morning, I
read that Silicon Graphics (www.sgi.com) filed for Chapter 11 pro-
tection (Reference 1). The account blamed the company’s troubles
in part on “competition from machines based on standard compo-
nents used in PCs.” This news came just two weeks after Scott
McNealy stepped down from his post as chief executive officer of

Sun Microsystems (www.sun.com). And Sun’s business in both work-
stations and servers has for several years fared poorly. Without question,
the PC is behind the trouble at both companies. But just how did the
PC displace the workstation?

I
The PC is the workstation

,,
E D N . C O M M E N T
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For more information on our SPM products, 
evaluation boards, and all of our design tools,
visit www.fairchildsemi.com/spm.

www.fairchildsemi.com

Inverter motor designs: 
half the energy, cost and time.

Meet energy usage regulations with SPM

Satisfy government energy requirements for home 
appliances with Fairchild's Smart Power Modules (SPM)
for variable speed motor drives. One highly integrated
package, with up to 16 discrete components, provides
space savings, ease-of-use and greater reliability.

Our SPM portfolio covers inverter motor designs from
50W to 3kW, all with adjustable switching speeds,
superior thermal resistance and low EMI. We’re also 
the only company to offer a module for partial PFC 
switching converters.

Smart Power Modules: where energy is critical, 
SPM is there. Fairchild Smart Power Modules are the optimal solution 

for variable speed motor drives in home appliance designs.
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A world of circuit protection solutions 
for a greener planet.

308 Constitution Drive
Menlo Park, CA 94025-1164
Tel 1-800-227-7040   Tel 1-650-361-6900
www.circuitprotection.com
© 2005 Tyco Electronics Corporation

Raychem Circuit Protection devices have always made electronic products 
safer and more reliable. Now they make them more environmentally friendly 
too. With the Restriction of Hazardous Substances (RoHS) initiative soon to take
effect, Raychem Circuit Protection has moved swiftly to help you comply. All of the
products across our vast portfolio of circuit protection solutions are RoHS 
compliant and ready to ship. Meeting strict new environmental requirements is
critical. So it’s critical to protect your circuits—and your planet—with the innovative
solutions you can only get from Raychem Circuit Protection. Get free product 
samples and more information about RoHS requirements at our online resource
center: www.circuitprotection.com/rohs
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NI CompactDAQ provides the 

plug-and-play simplicity of USB for

sensor, electrical, mechanical, and

physical measurements. It delivers fast

and accurate data acquisition in a small,

simple, and affordable system.

• Hi-Speed USB (2.0) for up to 3.2 MS/s 
signal streaming

• Multiple connectivity options 
for sensors and signals

• Hot-swappable modules with 
built-in signal conditioning

• Simple setup with 
hardware autodetection

• Driver for National Instruments
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Simple. 
Complete.
USB Data Acquisition.
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ADCs that meet your specific design objectives.

The product families shown above 
represent a fraction of our mid-range ADCs.

More ADCs, meeting more design requirements, than any other company
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In data conversion, analog is everywhere.

www.analog.com/selectADC

Our selection means satisfying the performance and value you need

With more than 500 ADCs, Analog Devices provides a solution for the most demanding performance 

and budget requirements, in a range of applications—including automotive, industrial, consumer, 

communications, and medical equipment. We have the industry’s broadest combinations of converter

architecture, sample rate, dc accuracy, ac linearity, resolution, and power consumption to meet your 

specifications. You can also select the number of inputs, types of supplies, package preference, and, 

of course, price. Our extensive portfolio of data converters, amplifiers, and other analog ICs allows you to

optimize your design and only pay for the features you require. So no matter what your design objectives,

you can rely on Analog Devices for the performance and value you need.

Pricing shown is in USD in quantities greater than 1k.
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47 lumens/watt at 
350mA drive current

Reduced thermal 
resistance to 8ºC/watt

Available in warm & cool 
white color temperatures 
(2,700K-10,000K)

Cree XLamp 7090 LED

Outperform the rest. Today, Cree delivers the industry's highest 

performance power LEDs for general lighting applications, with the highest 

efficacy white light output at 350mA and the best thermal performance. 

To see the future of LED lighting for yourself, visit www.cree.com/xlamp or call

1-800-533-2583 to register for Cree XLamp LED samples, and qualify to

receive a Cree XLamp LED flashlight.

Please visit us at Lightfair International – Booth #1832

Photo: Courtesy of Hotel Gansevoort

Leading the lighting revolution.
Cree XLamp® LEDs
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USB 2.0 becomes interface 
to modular data-acquisition systems

nel, not only handle the signal
conditioning and analog-to-digi-
tal conversion, but also provide
appropriate physical interfaces,
such as screw terminals or con-
nectors, for the sensors.

The series currently includes
11 types of modules, several of
which handle multiple channels.
Eight modules fit into a 10�
3.47�3.47-in., 11 to 30V-dc-
powered CompactDaq chassis.
One of the modules accepts 32
analog inputs, allowing one chas-
sis to monitor 256 channels. For
applications that require ac-line
power, NI provides an external
ac-to-dc supply. Depending on
the module type, ADC resolution
is either 16 or 24 bits. Analog-to-
digital-conversion rates range
from 15 samples/sec to 250k
samples/sec. Speed of the digi-
tal-I/O channels is 10 MHz. The
system interface is high-speed
USB 2.0.

—by Dan Strassberg
�National Instruments,
www.ni.com.

Although USB has become popular as
an interface for small, stand-alone, mul-
tichannel data-acquisition units, Na-

tional Instruments’ announcement of the
CompactDaq system adds another dimen-
sion—plug-in modularity—to USB-based data
acquisition. Many sensors require excitation,
signal conditioning, or both, and many instru-
mentation setups use multiple sensor types

that require different kinds of signal condition-
ing. A system might include several dc-excit-
ed, strain-gauge-bridge-based load cells; sev-
eral piezoelectric accelerometers; and a few
thermocouples. Without additional hardware,
stand-alone USB data-acquisition units can’t
handle such combinations.

The 2.75�3.44�0.875-in. C-series I/O
modules, which sell for $12 to $325 per chan-

BittWare recently announced a high-performance analog-to-digital-I/O card in the PMC
(PCI-mezzanine-card) form factor. The high-speed TRPM� (Tetra-PMC�) analog-input
board provides data capture for four 14-bit ADC channels operating as fast as 105 MHz

and streams this data directly to a reconfigurable Altera (www.altera.com) Cyclone II FPGA.  The
FPGA controls the ADCs; distributes the high-speed, converted data; and enables configurable
preprocessing of the data for digital filtering, decimation, and digital downconversion. 

BittWare offers software-development tools that allow designers to develop application code
and integrate the Tetra-PMC� into their systems.  For user-configured preprocessing, Altera pro-
vides a suite of development tools for the Cyclone II. The TRPM� will be available in the sec-
ond quarter of this year at a list price of $3995.—by Warren Webb
�BittWare Inc, www.bittware.com.

PMC board unites four ADC channels, FPGA 

The Tetra-PMC� board features four ADCs operating as fast as 105 MHz and a Cyclone II
FPGA providing control, data distribution, and front-end processing.

CompactDaq systems bring mod-
ularity and ease of connection to
USB-based data acquisition.
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HyperTransport, the
physical-layer inter-
chip-communications

standard whose claim to fame
has been its use on Advanced
Micro Devices (www.amd.com)
CPU chips, has rolled out its
most recent revision, Hyper-
Transport 3.0. The new spec
substantially changes the ca-
pabilities of the interface,
broadening its applicability and
positioning HyperTransport as
a foundation technology for
the future of board-level multi-
processing.

Fundamentally, HyperTrans-
port has been an elegantly
simple concept: 16 data lines
plus clock-signal and side-
band-control-signal pins, all

New HyperTransport
version opens 
multicore doors

running synchronously using
LVDS (low-voltage differential
signaling). Running at a 1.4-
GHz clock rate, the 2.0 version
of the specification offered
both high peak data rate and
low latency, which are important
for the short-haul, chip-to-chip
backbone applications that it
targets. As a thin, point-to-
point-interconnect layer, Hyper-
Transport can power up, trans-
fer a string of packets, and
power down with nearly as lit-
tle fuss as simple point-to-
point wiring but at much high-
er speeds than would be pos-
sible for individual asynchro-
nous links.

This virtue led to AMD’s de-
cision to adopt HyperTransport

for inclusion on the company’s
recent CPU designs, serving
as the link between the CPU
and the north bridge and, more
significantly for the future, the
link between CPUs, both on
the die in the dual-core Op-
teron and between chips in
board-level multiprocessing
servers. AMD also uses the
link to connect accelerator
cores to CPUs.

The most obvious difference
between 3.0 and 2.0 is the
3.0’s higher maximum clock
speed: 2.6 GHz. This increase
allows aggregate throughput
over a 16-bit link of 20.8
Gbytes/sec. This change, in
turn, demands increased com-
plexity on both the transmitter
and the receiver sides of the
connection. The transmitter
gets enhanced training pat-
terns to cope with the multibit
skew that can occur at these
speeds. It also now can employ

scrambling to ease the receiv-
er’s recovery job. The receiver
has added equalization capa-
bilities and can use clock-
based phase alignment to
undo multibit skew in the in-
terconnect medium. Along
with these new features, the
new version retains 100%
compatibility with previous op-
erating modes.

The 3.0 specification also
retains HyperTransport HTX—
the ability to operate at longer
distances and through a stan-
dard connector. This feature
permits designers to create a
HyperTransport link to a
daughtercard, allowing plug-in
accelerator cards. The spec
also retains a hot-swapping
feature with a nod toward the
online-maintenance needs of
server farmers.

These features also have
demanded new technology at
the higher clock rate. Under
the new standard, a Hyper-
Transport interface must
sense when it is capacitively
coupled to its partner through
an HTX link, as opposed to di-
rectly wired to the partner
through a standard chip-to-
chip link. If the HTX link is in
use, the interface must shift to
an 8b/10b-coding scheme.
This requirement means that
the receiver must execute a
more complex clock-recovery
algorithm.

Concurrently with the release
of the specification, the Hyper-
Transport Consortium has an-
nounced that GDA Tech-
nologies (www.gdatech.com) is
developing HyperTransport
3.0-interface IP (intellectual
property). Extensive discus-
sions have taken place with
AMD—a major player in the
new spec—and with accelera-
tor vendors and FPGA leaders.

—by Ron Wilson
�HyperTransport Con-
sortium, www.hyper
transport.org.

CHIP TO CHIP BOARD TO BOARD

HYPERTRANSPORT TECHNOLOGY

PCI EXPRESS

SERIAL RAPIDIO

PARALLEL RAPIDIO

SYSTEM TO SYSTEM

INFINIBAND
SPI-4

FIBRE CHANNEL
ETHERNET

ASI

LOWEST LATENCY HIGHEST LATENCY

INSIDE THE BOX OUTSIDE THE BOX

The latest version of HyperTransport substantially changes the interface.
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BUILT TO
LAST

The EBC-C3 embeds 9 different functions to 
provide a processor- and I/O-intensive solution.  
It operates over a -40° to +85°C temperature
range without the need of a fan, making it ideal
for embedded applications such as robotics,
MIL/COTS, transportation, pipeline, and
machine control.

It runs Windows® CE, Windows® XP embedded,
Linux, and other operating systems as VxWorks
and QNX.  And its x86-PC software compatibility
assures a wide range of tools to aid in your appli-
cation’s program development and checkout. 

Fanless EBX 733MHz P3 
with COM, dual ENET,
USB and Video
•VIA 733MHz or 1GHz C3 CPU
•PC-compatible, supports Windows®

XP, CE, Linux and x86 RTOS
•Up to 512MB PC133 SDRAM
•Up 1GB bootable DOC®, 512KB 

SRAM, or 1MB EPROM
•Type I and II CompactFlash cards 

supported up to 2GB
•CRT, flat panel, and LVDS 
•Two 10/100 Ethernet controllers
•Four USB ports
•Four serial COM ports
•LPT, Kybd, and mouse
•48 bi-directional I/O lines 
•Two EIDE and one floppy disk 

controller
•AC97 Audio supported
•PC/104 & PC/104-Plus expansion
•+5 volt only operation
•EBX size:  5.75" x 8.0"  

(146 mm x 203 mm)
•-40° to +85°C operation (733MHz)
•Quick Start Developers Kits for 

Windows® XP, CE, and Linux
•Immediate availability Call 817-274-7553 or

Visit www.winsystems.com
Ask about our 30-day 
product evaluation!

715 Stadium Drive  •  Arlington, Texas 76011
Phone  817-274-7553  •  FAX  817-548-1358   
E-mail: info@winsystems.com

WinSystems®

TM
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With its introduction of
an 18-GHz unit, Le-
Croy has taken pos-

session of the real-time-DSO-
bandwidth crown, an honor
that, in just the last year, has ro-
tated among LeCroy and its
two leading competitors: Agi-
lent (www.agilent.com), cur-
rently at 13 GHz, and Tektronix
(www.tektronix.com), currently
at 15 GHz. At the widely used
ratio of �3-dB bandwidth�
1.8�bit rate, LeCroy’s new
SDA 18000 is the first real-
time scope with enough band-
width to accurately reproduce
a 10-Gbps-Ethernet or a 9.6-
Gbps-FBDIMM (fully buffered
dual-inline-memory-module)
data stream.

Although the scope has four
channels, you can obtain the
high bandwidth on only one.
Moreover, when you use the
18-GHz mode, the only other
usable channel offers band-
width of only 6 GHz. You can
also select 11-GHz bandwidth

on one channel and 6 GHz on
two channels or 6 GHz on all
four channels.

Unlike the other two real-
time scopes that offer band-
width greater than 12 GHz, the
SDA 18000 does not enhance
its bandwidth by using digital-
signal processing, an approach
that LeCroy says presents
some significant drawbacks,
including waveform distortion
and increased baseline noise.
The excessive noise can lead
to a scope’s reporting erro-
neously high jitter on signals
under test. A scope can, how-
ever, also use digital-signal
processing to reduce its noise.
According to LeCroy, the SDA
18000 and at least one com-
petitive scope use this ap-
proach. But using digital-signal
processing both to enhance
bandwidth and to reduce noise
results in noise greater than
that obtainable in a scope that
uses digital-signal processing
only to reduce noise.

LeCroy achieves the 18-
GHz bandwidth through a
technique it calls DBI (digital-
bandwidth interleaving). To
amplify an 18-GHz-bandwidth
signal, the SDA 18000 uses

two amplifiers with a �3-dB
bandwidth of 6 GHz and one
with a bandwidth of 8 GHz.
One amplifier processes the
portion of the signal that ex-
tends from dc to 6 GHz. A sec-
ond amplifier, preceded by a

pulse
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mixer and a downconverter,
mixes an 11.5-GHz carrier
with the portion that extends
from 6 to 11 GHz to translate
its frequency range downward
to 0.5 to 5.5 GHz. The scope
then amplifies and remixes this
amplified signal with the 11.5-
GHz carrier for upconversion
back to the 6- to 11-GHz
band. A similar approach sub-
tracts 18.5 GHz from the 11-
to 18-GHz portion of the sig-
nal, amplifies it, and upcon-
verts it to its original frequency
band. The 6-, 5-, and 7-GHz-
bandwidth signals then recom-
bine to produce a single ampli-
fied, 18-GHz-bandwidth sig-
nal. Three time-interleaved,
20G-sample/sec ADCs then
digitize the signal, producing a
single digitized record of the
18-GHz-bandwidth signal.

When you use the scope as
a four-channel, 6-GHz-band-
width instrument, it redeploys
the 6- to 11-GHz amplifier and
one of the ADCs and its asso-
ciated acquisition memory to
Channel 2 and the 11- to 18-
GHz amplifier and its ADC and
acquisition memory to Channel
3. This mode does not use the
two mixers from Channel 2,
the two from Channel 3, or the
final mixer. In addition, when
you operate the channels sep-
arately and the scope is digi-
tizing at its maximum rate, the
three ADCs make simultane-
ous conversions every 50
psec, whereas, in the inter-
leaved mode, the conversion
duties rotate among the three
ADCs. Every 16.67 psec, one
of them digitizes the 18-GHz-
bandwidth signal.

Another feature of the SDA
18000 is its use of a Q-Scale
feature for jitter analysis. Le-
Croy believes that its new
scope is the first to offer this
feature, but the company ex-
pects that at least one of its
competitors will soon offer the

6-GHz
CHANNEL 1

6-GHz
CHANNEL 2

8-GHz
CHANNEL 3

11.5-GHz
LOCAL

OSCILLATOR

18.5-GHz
LOCAL

OSCILLATOR

TRIPLEXER

RECOM-
BINATION

DSP DOMAIN

WAVEFORM
DISPLAY

LOCAL-
OSCILLATOR
SOFTWARE

LOCAL-
OSCILLATOR
SOFTWARE

8

8

8

0.5 TO 
5.5 GHz

6 TO 
11 GHz

11 TO 
18 GHz

0 TO 
6 GHz

0 TO 
18 GHz

0.5 TO 
7.5 GHz

INPUT

Using digital-bandwidth interleaving, the SDA 18000 uses three amplifiers to amplify 5-, 6-, and 
7-GHz segments of an 18-GHz-bandwidth signal. The scope then reassembles the signal into an
amplified replica of the original, and three time-interleaved, 20G-sample/sec ADCs digitize it.

Real-time-DSO bandwidth reaches 
18 GHz—fast enough for 10-Gbps data streams

When you
operate the

channels sepa-
rately and the
scope is digitiz-
ing at its maxi-
mum rate, the
three ADCs
make simultane-
ous conversions
every 50 psec.
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The FPGA Eye Opener!

The complete transceiver solution with best-in-class signal integrity.

www.altera.com

Copyright © 2006 Altera Corporation. All rights reserved. Altera, The Programmable Solutions Company, the stylized Altera logo, specific device designations, and all other words and logos that are 
identified as trademarks and/or service marks are, unless noted otherwise, the trademarks and service marks of Altera Corporation in the U.S. and other countries. All other product or service names 
are the property of their respective holders. Altera products are protected under numerous U.S. and foreign patents and pending applications, mask work rights, and copyrights.

Stratix® II GX FPGAs offer the industry’s most comprehensive 
solution for high-speed serial applications. With significantly 
lower power consumption than competing devices, Stratix II GX 
FPGAs have up to 20 transceivers performing with exceptional 
noise immunity from 622 Mbps to 6.375 Gbps. Designers 
have immediate access to Quartus® II software support and 
an array of intellectual property (IP) cores, system models, 
development boards, and collateral—everything needed to 
complete a design in the shortest amount of time. 

Discover Stratix II GX FPGAs today at www.altera.com. 

 • Up to 20 transceivers with dynamic pre-emphasis, 
equalization, and output voltage control

• Best-in-class signal integrity from 622 Mbps to 6.375 
Gbps with exceptional channel-to-channel noise immunity

• Low power consumption (140 mW/channel at 3.125 Gbps 
and 240 mW/channel at 6.375 Gbps) while retaining best-
in-class jitter performance

• Dedicated circuitry supporting wide range of protocol 
standards across multiple data rates

Transmit eye diagram at 6.375 Gbps. For characterization details, see www.altera.com/stratix2gx/characterization. 
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feature. Q-Scale replots the
envelopes of gaussian jitter dis-
tributions as straight lines, en-
abling you to more quickly de-
termine peak-to-peak jitter and
to easily separate random and
deterministic jitter components.

As you might expect, the
high bandwidth comes at a 
premium; the base price is
$128,000. However, when you
order the scope with a new, 18-
GHz differential amplifier and
software that decodes the
8b/10b embedded clocking in

ultrahigh-speed data streams,
the price comes to $144,490.
An option that increases the
per-channel memory to 16M
points (48M in the 18-GHz
mode) costs $4990, and an
option that increases the per-
channel memory depth to 50
million points (150 million in the
18-GHz mode) costs $14,990.
Note that, at the 60G-sam-
ple/sec acquisition rate in the
18-GHz mode, the duration of
a 150-million-point record is
only 2.5 msec. Owners of

LeCroy’s earlier SDA 11000
scopes can trade up to the
SDA 18000 for $86,000.

For those who can get by with
9-GHz bandwidth, LeCroy is in-
troducing the SDA 9000 with
prices starting at $90,000. This
unit also has four channels,
which, when you use them sep-
arately, each provide a band-
width of 6 GHz. However, the
unit has no 18-GHz mode.
Instead, you can operate the
scope with two 9-GHz-band-
width channels or one 9-GHz

Designing the power
portion of portable
USB-based devices
gets easier with the
Linear Technology
LTC4089 and LTC4089-
5. The products inte-
grate battery charg-
ers—the 4089 with a
fixed 5V output and
the 4089-5 with a vari-
able output that tracks
the battery voltage for
improved efficiency.

The controller offers
a seamless transition
between battery, USB,
and external 6 to 36V
power sources. A 200-
mV integrated ideal
diode and the integrat-
ed optional external
ideal-diode controller
provide a low-loss
power path for battery
operation.

—by Maury Wright
�Linear Technology,
www.linear.com.

USB power
manager
integrates
battery charger
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“We’ve come very close to 
realizing the vision of Teilhard 
de Chardin: a web of intelligence
surrounding the earth, a collective
human consciousness with access
to all knowledge. This could be the
single most important outcome of
the communications revolution.”
Hal Hellman, heralded science writer, EDN, Oct 14, 1981
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Serial bus enhances venerable I2C-bus speed

channel and two 6-GHz chan-
nels. Prices for the SDA 9000
with deep memory are the same
as those for the SDA 18000.

—by Dan Strassberg
�LeCroy Corp, www.lecroy.
com.

Since Philips in the
early 1980s de-
veloped the I2C

as a two-wire, low- to
medium-speed commu-
nication bus, it has be-
come the de facto stan-
dard for onboard com-
munication and, when
you bolster it with driv-
ers, for board-to-board
communication. How-
ever, as communication
speeds have increased
and interboard and even inter-
cabinet communication have
become commonplace, the I2C
bus has been in need of a
speed and drive-capacity over-
haul. Hoping to bring users up
to date and attract a new user
base, Philips has now intro-
duced a family of devices
based on the Fm� (fast-
mode-plus) specification. Fm�
tightens the bus tolerances
and timing requirements and
allows a top speed of 1 MHz
versus 400 kHz for the old
version and a 10-times-
greater-than-normal bus-drive
capability of as much as 4000
pF.

“Most of our customers
needed to make trade-offs be-
tween the bus length,  the
speed, and the number of de-

vices on the bus,” says Dhwani
Vyas, general manager of the
interface-product line at
Philips Semiconductors. “Fm�
gives a larger playing field:
With fewer devices, you can go
longer distances.” The new
specification also allows for
device ID, which allows you to
query each device about its
manufacturing and revision-
level information. In addition,
Fm� allows for three address
pins on each device with four
states, allowing for as many as
64 device addresses.

“Fm� is an extension of the
I2C spec,” says Steve Blozis,
marketing manager for I2C-
logic devices at Philips. “The
devices will be backward-com-
patible with I2C buses.”
According to Blozis, some

backers of other buses
similar to I2C, such as
the SMBus, have been
concerned because
Philips owned a patent
on the bus, but the ba-
sic I2C patent expired
August 2004.

The initial three de-
vices in the new family
are the PCA9633 4-bit
I2C LED controllers for
RGBA (red-green-
blue-alpha) color mix-

ing, the PCA9698 advanced
40-bit I2C I/O expander, and
the PCA9665 fast-mode-
plus-parallel-bus-to-I2C-bus
controllers. Prices range from
55 cents to $2.05.

—by Margery Conner
�Philips Semiconductors,
www.semiconductors.philips.
com.

Fm� tightens the bus tolerances and timing
requirements and allows a top speed of 1 MHz
versus 400 kHz for the old version and a 10-
times-greater-than-normal bus-drive capability
of as much as 4000 pF.
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Blackfin is spinning

Get started using Blackfin now: 
analog.com/blackfin-is-everywhere

Scratch vinyl goes digital
Professional DJs gave Denon a special request: “We want to play MP3s 
with all the features of our vinyl rigs, including scratch, reverse, brake,
filter, and flanger.” But enabling these user control needs, coupled with 
near-zero latency of audio encoding and decoding, required a unique 32-bit
processor. So Denon cued up Blackfin®. With 800 MMACS performance at 
$5 cost, Blackfin scratched the competition. Now Blackfin is everywhere,
bringing the beats.
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Are you feeling a twinge
of fear about all those
well-educated Chinese

engineers who may right now
be working on a design that
competes with your compa-
ny’s product? Warnings in the
business and trade media are
currently bombarding engi-
neers in the United States and
Europe that well-educated, rel-
atively low-paid Chinese engi-
neers present a seemingly in-
surmountable threat to their
US and European livelihoods.
Consider how some Japanese
companies have successfully
responded to the same threat.

Now a bastion of quality en-
gineering, Japan was a genera-
tion ago firmly ensconced in the
high-volume, low-margin end of
the business spectrum, the tra-
ditional way for a cheap-labor
country to enter the world mar-
ket. However, part of the pack-
age deal of success is that
wages of both professional and
unskilled workers rise, and, if
cheap labor is the only advan-
tage a country has, it’s in danger
from the next upstart region. 

Many US power-supply ven-
dors fixate on the low-end,
cost-driven portion of the
power-system business and
exhibit lukewarm interest in
and commitment to develop-
ing digital-power technology
for future designs. The most
common refrain is that price
drives the power-supply busi-
ness and that any technology
that adds to the cost of a pow-
er supply can kill the product’s
competitiveness.

On the other hand, a Japan-

ese power-supply vendor, such
as Lambda/TDK, supports
three digital-power R&D efforts
in three divisions. According to
Hiroyuki Yashiro, chief technol-
ogy officer for Lambda/TDK,
the company assumes that,
within three years, digital-pow-
er technology will play a signif-
icant role in the company’s
products. And Bellnix, a relative-
ly small Japanese vendor of
point-of-load converters, a noto-
riously cutthroat market, is now
selling digital-power-technolo-
gy-based converters. These
companies realize that their fu-
tures lie in high-end designs for
the noncommodity markets. If
they rely on bare-bones de-
signs with little added engi-

neering value, Chinese vendors
will outsell them.

Why can’t China duplicate
Lambda/TDK’s know-how in
switching power supplies, as it
has in consumer markets, such
as cell phones?  Says Takeo
Suzuki, president of Lambda/
TDK, “Chinese companies
have been successful in com-
peting in the cell-phone market

pulse
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Whereas photovoltaic cells directly convert light to electricity, thermophoto-
voltaic cells rely on light to drive a heat absorber and then convert the heat to
electrical energy. The Belgian-based IMEC (Interuniversity Microelectronics
Center) lab has developed a new germanium-based process that offers better
efficiency than silicon-based thermophotovoltaic cells. Generally, thermopho-
tovoltaic cells benefit from using a material with a lower bandgap than silicon.
Germanium meets the bandgap requirement but presents a challenge in sur-
face passivation. IMEC worked with germanium-wafer vendor Umicore
(www.umicore.com) to attack the passivation problem because germanium is
lower in cost than alternative low-bandgap materials.

The new process forms the shallow emitter of the germanium cell using dif-
fusion from a spin-on oxide. Meanwhile, a thin, plasma-deposited, amorphous
silicon layer solves the passivation problem. The result is a cell with an open-
circuit voltage higher than 270 mV, an air-mass-1.5-spectra standard efficiency
of nearly 8%, and a broad spectral response of 400 to 1700 nm. IMEC claims
that the performance significantly exceeds that of cells under the given illumi-
nation conditions. 

IMEC hopes to move quickly in realizing production of germanium-based
cells. The manufacturing process is largely compatible with the organization’s
solar-cell process, but the cells require refining for stability for use with higher
intensity light.—by Maury Wright
�IMEC, www.imec.be.

Germanium boosts thermophotovoltaic efficiency

Japanese power-supply
vendors see engineers 
as competitive advantages

GLOBAL  DES IGNER

Frequency-agile WiMax transceiver 
matches client to band
Flexibility in frequency band is a big obstacle in WiMax deploy-
ment and is also the reason that the wireless-broadband technol-
ogy can work in any region worldwide. Such flexibility, however,
can result in the need for multiple radio implementations for
client designs. Belgium-based AsicAhead believes that it can
overcome that obstacle with its new, reprogrammable AA1001
transceiver that works across all frequency bands for the IEEE
802.16e mobile flavor of WiMax. The company also claims that
the AA1001 design eliminates the need for expensive SAW
(surface-acoustic-wave) filters and a TCXO (temperature-com-
pensated crystal oscillator)—components that competing trans-
ceivers commonly require. Production quantities are due in the
next quarter at $18 (10,000).—by Maury Wright
�AsicAhead NV, www.asicahead.com.

because they can easily buy
the enabling technology, such
as special-purpose processors,
from Silicon Valley. That’s not
the case in high-end-power-
supply design. The know-how
resides in Lambda’s engineers.”

—by Margery Conner
�Lambda/TDK, www.tdk.co.
jp.
�Bellnix, www.bellnix.com.
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Blackfin is for everyone

Get started using Blackfin now: 
analog.com/blackfin-is-everywhere

Cost-effective H.264 video processing
To give consumers twice the channel count at superior video quality,
all with a breakthrough cost structure, USDTV turned on Blackfin’s 
advantages. These include less than $0.02/MIPS of Blackfin’s dual-core
processor, and processing power that easily handles audio and video 
algorithms, including H.264 video processing. Advanced video processing,
digital rights management, and an industry-leading cost per MIP:
No wonder Blackfin® is everywhere.
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Researchers at the NIST
(National Institute of Stan-
dards and Technology) have
used lasers to trap and cool
atoms of erbium, a rare earth
metal whose unusual magnet-
ic, electronic, and optical prop-
erties may be useful in tele-
communications, semiconduc-
tor manufacturing, and quan-
tum computing. Due to its
complex energy structure, er-
bium has previously proved
difficult to contain; its 110
possible energy levels have
stymied attempts at laser cool-
ing, which requires precise,

controlled manipulation of the
atoms’ energy emissions.

Magnetic fields and six
counter-propagating purple
lasers allowed the NIST team
to trap more than 1 million
atoms in a 100-micron space.
Thus incarcerated, the atoms
will now yield to further study,
and scientists may eventually
put them to work emitting pho-
tons for telecom applications
or doping semiconductor ma-
terials.
�National Institute of
Standards and Tech-
nology, www.nist.gov.
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Laser-wielding scientists
corral wild erbium atoms

Enslaved viruses 
build tiny batteries
Scientists at the Massachusetts Institute of
Technology have altered the genes of a common
virus to self-assemble into the anode of a yet-to-
be-built lithium-ion battery. Genetic manipulation
causes the microbes to make proteins on their
coats that collect molecules of cobalt-oxide and
gold in a room-temperature reaction. When scien-
tists coaxed these metal-plated viruses to align on
a polymer sheet, the viruses formed wires 880 nm
long and 6 nm in diameter.

The MIT researchers state that, once these virus-
based anodes become parts of complete manu-
factured batteries, the anodes will deliver energy
density two to three times better than existing ma-
terials, thanks to their nanoscale structure. The
group aims to build batteries ranging from the
size of a rice grain to the size of current hearing-
aid batteries.
�Massachusetts Institute of Technology,
www.mit.edu.

NIST scientists used six purple lasers to cool and trap atoms of
erbium, an elusive metal with potentially useful properties.

IBM scientists constructed a ring-oscillator circuit around a single
carbon nanotube; the 2-nm-diameter nanotube is visible in the in-
set (right).

IBM Research has an-
nounced what it claims is the
first complete IC built on a
single carbon-nanotube mol-
ecule. The feat represents a
significant advance, accord-
ing to the company, because it
will allow researchers to eval-
uate the presumed perform-

ance benefits of carbon nan-
otubes over traditional semi-
conductors.

The IBM scientists built the
circuit, a ring oscillator, using
standard semiconductor proc-
esses and employed a single
molecule as the base for all
the circuit’s components. The

architecture uses unique car-
bon-nanotube properties and
maintains compatibility with
established circuit concepts,
according to the company. The
ring oscillator often finds use
in such tests because it
stresses certain material char-
acteristics and thus indicates
how the technology may per-
form in complete chips, IBM

says. The team observed cir-
cuit speeds 1 million times
faster than previous circuits
built using multiple nan-
otubes—but still far slower
than existing silicon devices.
�IBM Research, www.
research.ibm.com.

RESEARCH UPDATE

Scientists complete
carbon-nanotube circuit

BY MATTHEW MILLER
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International Rectifier’s iPOWIR™ devices feature
built-in, full function PWM control and protection
circuits with optimized power semiconductors and
associated passives, achieving high power
density, while eliminating up to 20 or more critical
discrete components.

Features

• Reduces board space up to 60%

• Over 90% efficient (12VIN, 3.3 VOUT @15A)

• Reduced design complexity versus
discrete solutions

• Saves up to 3 months design time

• No de-rating up to 90°C PCB and
case temperature 

Let International Rectifier’s online simulation
support at mypower.irf.com and reference
design kits help you with your next design.

iPOWIR is a trademark of International Rectifier

15A, SIMPLE, SMALL BUCK CONVERTER

iP120x Synchronous Buck Power Blocks Reduce Board Space Up to 60%

THE POWER MANAGEMENT LEADER
for more information call 1.800.981.8699 or visit us at 

www.irf.com/dcdc

No external bias supply required Over-current hiccup or latch protection

Over-voltage protection

Over-temperature
protection

External
synchronization

Part
#

iP1201

iP1202

iP1203

Package

BGA
9.25mm x
15.5mm x

2.6mm

BGA
9.25mm x
15.5mm x

2.6mm

LGA
9mm x
9mm x
2.3mm

VIN
(min/max)

3.14V
to 5.5V

5.5V to
13.2V

5.5V to
13.2V

VOUT

0.8V-2.5V for 3.3VIN
0.8V-3.3V for 5VIN

0.8V-5V for 12VIN
0.8V-3.3V for <6VIN

0.8V-8.0V for 12VIN
0.8V-3.3V for <6VIN

IOUT

15A dual
30A single

15A dual
30A single

15A single

Frequency

200 - 400kHz

200 - 400kHz

200 - 400kHz

Reference Designs 
Available

IRDCiP1201-A
IRDCiP1202-A
IRDCiP1203-A

NEW
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from the two currents cancel. Inter-
ruptions to the returning current path
have serious negative effects on the
EMI/EMC performance of a pc board.
Even slight deviations in the returning
current path can dramatically increase
emissions.

Logic diagrams completely omit the
returning signal path. They presuppose
a perfect common reference node—
ground—for all signals. This idealized
node maintains the same voltage at all
points of use. 

Anybody can make a good ground
system at audio frequencies. But no one
can make one at 100 MHz, spread out
over the area of a typical pc board. 

When the size of your pc board
exceeds the signal wavelengths, your
solid-plane layers operate in distributed
fashion. Perturbations slosh across the
plane from side to side. The
instantaneous voltages at dif-
ferent parts of the plane
differ markedly, rendering
meaningless the concept

of a universal common ground refer-
ence. 

When my students ask me how to use
ground, I say, “Ground is a good place
to grow potatoes and carrots.” 

I focus my attention not on ground,
but on the physical relation of each sig-
nal trace to its nearest local-reference

plane. That nearest plane, regardless of
the dc voltage it carries, forms the main
conduit for high-frequency returning
signal current. 

For example, consider a trace routed
next to a power layer. The EMI per-
formance of that trace hinges on the
continuity of the power layer. If the
trace crosses a chopped-up power
region, the boundary of that region
interrupts the path of returning signal
current on the power layer. In a relat-
ed way, changing layers within the pc
board interrupts the flow of returning
signal current.

Remember: Signal current always
returns to its source. If you interrupt the
natural path of the returning signal cur-
rent, it will find another way home.
The only question is whether the
returning signal current remains close
to the outbound signal current on a
smooth, continuous solid plane or takes
a stray path elsewhere that causes EMI
problems. 

Today’s high-speed, complex pc
boards have many layers. Who has time
to examine each critical signal for a
good returning-current path? 

I don’t, but my computer does. It uses
automated EMC-rule-checking tools.
These tools uncover the hidden
schematic, examining each net in turn,
regardless of the pc-board complexity. 

If you have not investigated this new
class of tool, it’s time to do so. Look for
a tool that interfaces well with your
design process, is easy-to-use, and can
display rule violations in a graphical
and easy-to-understand manner.EDN

BY HOWARD JOHNSON, PhD

our schematic is lying. It shows only the intended flow
of signal power. It masks details crucial to the operation
of unintentional signal pathways, such as crosstalk and
EMI. To understand these factors, you must uncover the
hidden schematic operating behind your logic diagram. 
The hidden schematic represents, among other things,

the flow of physical current in your pc board. Current never flows “one
way,” as logic diagrams show; it always makes a loop out to the load and
returning to the source. For EMI purposes, the returning current path
is as important as the intended signal path. As long as you keep the out-
going and returning signal paths closely aligned, the radiation patterns 

Ground is a good
place to grow pota-
toes and carrots.

Hidden schematic

,,
S I G N A L  I N T E G R I T Y

Go to www.edn.com/060525hj
and click on Feedback Loop to post a 
comment on this column.

MORE   AT EDN.COM

Howard Johnson will be back in an
upcoming issue. You can reach

Bruce Archambeault through
www.mossbayeda.com, and
you can reach Howard
Johnson at www.sigcon.com
and howie03@sigcon.com.
Comments invited!

+

Y
I’ve invited my good friend, Bruce Archambeault,
PhD, creator of the IBM EMC-rule-checking program
“EMSAT,” to share his thoughts about ground. 
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silicon-process history supports them,
as do the foreseeable trends in silicon-
process development.

The first value to calculate is the max-
imum VDD. Ignoring the slight rise in
the apparent dielectric strength of ultra-
thin films compared with thicker film
and bulk samples, VDD is essentially pro-
portional to gate-oxide thickness, TOX.
TOX, in turn, scales directly with the
process’s minimum feature size, LMIN, by
a ratio that has held essentially constant
over process evolutions that saw LMIN
decline from 3 microns to 60 nm:

Linear circuits require head room
between the signal swing and the supply
rails. Bult’s model captures this quantity
in the form of a voltage efficiency, �VOL:

Setting �VOL to a reasonable constant
value, say 80%, gives the maximum
peak-to-peak signal amplitude, VSIG.

The application determines the nec-
essary dynamic range:

where VUNWANTED refers to the various
voltage-error terms, including white
noise, 1/f noise, and offset.

Though VUNWANTED results from the
combination of multiple sources, often
in practice one term dominates. As a
result, the load-capacitance calculation
depends on which term is most impor-
tant to the application.

Applications that are sensitive to off-
set voltage require a high degree of
device matching. Below the 700-nm
node, the minimum capacitance to
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attain a given degree of matching varies
in proportion to1/LMIN..(Calculations
are available in Reference 2.) The min-
imum capacitance for a given dynamic
range for circuits in which either white
noise or 1/f noise is the dominant con-
sideration varies as 1/LMIN

2. At the 90-
nm node, the minimum capacitance for
matching is about 200 times larger than
the minimum capacitance for white
noise, which is about 200 times larger
than the minimum capacitance for 1/f
noise. For this reason, circuits that
demand a high degree of dc accuracy
often use device averaging and offset-
cancellation techniques.

Given the minimum capacitance
that the circuit requires to attain the
specified dynamic range, you can calcu-
late the drive current necessary to meet
bandwidth, slew-rate, settling-time, and
distortion criteria. The next installment
of this column will pick up from here.EDN

R E F E R E N C E S
Israelsohn, Joshua, “Scaling: a bal-

anced view, part one,” EDN, March
30, 2006, pg 40, www.edn.com/
article/CA6317072.

Bult, Klaas, “The effect of technol-
ogy scaling on power dissipation in
analog circuits,” International Solid-
State Circuits Conference 2006, Feb
5, 2006.

BY JOSHUA ISRAELSOHN, CONTRIBUTING TECHNICAL EDITOR

n the last installment of Analog Domain, I began a summary of Klaas
Bult’s analysis on the effect of technology scaling on power dissipation
(references 1 and 2). This column replicates the minimum-circuit
model and Bult’s Algorithm for reference (figures 1 and 2). The algo-
rithm depends on three process-dependent quantities and eight appli-
cation-dependent parameters. It calculates six circuit measures, the

last of which is the minimum power dissipation for the minimum circuit.
Bult’s analysis does hang on a few assumptions, but more than a decade of

Scaling: a balanced view, part two

,,
A N A L O G  D O M A I N

I

Joshua Israelsohn is director, technical
information at International Rectifier
Corp and is a contributing technical ed-
itor at EDN Worldwide. You can reach
him at edn-joshua@mindspring.com.
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Figure 2 Bult’s analysis combines application requirements (blue) with terms
that derive from the process scale (green) to generate calculated values
(brown) resulting in a power estimate for the model subcircuit.

Figure 1 A single-transistor gain stage serves as
Bult’s model minimum subcircuit.
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M I L E S T O N E S  T H A T M A T T E R E D

Reference designs matter,
as this TV design illustrates

ou might wonder why we would choose a TV design as
a milestone in our 50th-anniversary review of key events
that had lasting impact. Well, the TV clearly had a last-
ing impact, and, at the time, using transistors in TVs
was leading-edge technology. But this Texas Instruments
(www.ti.com) design probably isn’t milestone-worthy

per se. In fact, TI clearly stated that it had no intention of manufac-
turing the TV set. Instead, the TI engineers set out to prove the via-
bility of using transistors in a TV design, hoping that their work would
lead TV manufacturers to adopt transistors in place of vacuum tubes.
You can go to www.edn.com/060525mtm to read the entire story and
see a schematic; the sidebar “Self-contained TV receiver uses 24 tran-
sistors” is an excerpt. Nowhere in the original article will you find the
term “reference design,” but that’s precisely what TI’s engineers cre-
ated. Today, the reference design is more important than ever.

Y
business. And, for vendors of support
chips and components, getting a refer-
ence design to include one of their
components can be more important
that calling on the end customer.

In EDN’s first Global Report in
November 2004, we covered the
importance of reference designs in
“Adaptive engineering” (www.edn.
com/article/CA474470). Product man-
agers from LSI Logic (www.lsi
logic.com) recounted how some man-
ufacturing houses would use an
unchanged version of the company’s
DVD-recorder reference design, which
it based on an ASSP (application-spe-

cific standard product). That use
would also include the provided user
interface and software based on Wind
River Systems’ (www.windriver.com)
VxWorks. Other manufacturers with
more available engineering resources
would optimize the design with custom
software, attempting to differentiate
their products. But in both cases or any-
where in between, the reference design
was a key to winning business.

Perhaps the account of National
Semiconductor’s (www.national.com)
selling laser drivers for DVD players and
recorders was even more telling. The
maker of a DVD player buys laser driv-
ers only in the form of optical-pickup-
unit subsystems. In such a case, the
component vendor may need to win a
spot in a reference design or a spot in
the actual subsystem design to sell the
product.

Reference designs drive our indus-
try in everything from power-manage-
ment subsystems in MP3 players to
complete designs of products, such as
Bluetooth-based hands-free kits for
mobile handsets. Reference designs are
milestone-worthy.EDN

Take, for example, a mobile hand-
set, a DVD recorder, or even a subsys-
tem, such as the optical pickup unit in
a DVD player/recorder. The reference
design is paramount. For the product-
design team, the reference design jump-

starts the project and allows the team
to meet shrinking market windows. For
the vendor of the chip at the center of
the design, the quality of that vendor’s
reference design may be more impor-
tant than the chip itself in winning

VOICE OF THE ENGINEER
50years

Twenty-four transistors and one high-voltage rectifier tube perform
all of the functions required to develop a high-definition picture and accompany-
ing sound in a completely self-contained portable television receiver. Power is
furnished by a 10-cell nickel-cadmium battery providing 12V at 700 mA, aver-
age current. The picture tube employed in this receiver is a 9QP4 whose fila-
ment has been modified to operate at 12V with 150 mA.

Two tuners were developed for this receiver. The more sensitive one uses
tetrode transistors in the RF amplifier, mixer and oscillator. Its disadvantages lie
in a much higher cost and a 12- to 14-dB noise figure. The second tuner uses
two 2N623 diffused-base transistors in the mixer and oscillator stages, with no
RF amplifier. Noise figure is 9 to 11 dB, but overall tuner gain is only 10 to 12
dB on channel 13. This compares with an overall tuner gain of 20 to 22 dB
(channel 13) for the tetrode tuner. Cost is considerably lower for this unit and
is said to compare favorably with current vacuum-tube tuners.

This receiver was developed by Roger Webster and Harry Cooke of the
Circuit Development branch of Texas Instruments Inc (Dallas). The purpose of
this work was to determine the feasibility of designing a transistorized television
receiver using Texas Instrument units. There is no intent by this firm to manu-
facture such receivers.

—EDN, September 1958

09
.0

1.
58 Self-contained TV receiver 

uses 24 transistors

FROMTHEVAULT

MAURY WRIGHT • EDITOR IN CHIEF

The maker of a DVD
player buys laser driv-
ers only in the form of
optical-pickup-unit
subsystems.
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A graphical-display system
allows a designer to create a
simple operator interface that
sequentially deals with a single
command or function at a time.
The designer can “hide” most of
the complexity and auxiliary
features until they are necessary

to simplify operation. A graphical-display
interface is your product’s first impression
and provides an obvious way to differentiate
your product from your competitors’ prod-
ucts. Designers can use graphics to create a
unique look and feel for their products and
deliver a similar theme across an entire
product line. When you couple a graphics
display with a touchpanel overlay, the user
can simulate almost any front-panel config-
uration and still be able to add or change
features with a firmware modification.

A display system may be able to ease prod-
uct-development-schedule problems and
offer additional or recurring revenues. Prod-

s prices plummet, embedded-
system designers are turning
to graphical displays to sim-
plify operation, ease system
upgrades, and distinguish
their products. Designers of

traditional embedded products focused on maximiz-
ing performance with less emphasis on the user inter-
face. However, the dazzling full-color graphics in
today’s PCs, mobile phones, and other portable con-
sumer devices have raised consumer expectations for
all electronic products. These rising user-interface
expectations, along with ubiquitous networking, have
redefined traditional embedded-design rules. Newer
embedded products are not necessarily limited in
computing and memory resources and may easily
require more processing power for communications
and a graphical display than for the application.

A

FULL-COLOR GRAPHICS DISPLAYS
IN HIGH-VOLUME CONSUMER
PRODUCTS, SUCH AS MOBILE
PHONES AND MUSIC PLAYERS,
HAVE CAPTURED THE ATTENTION
OF THE PUBLIC AND SET NEW
STANDARDS FOR EMBEDDED-
DEVICE DESIGN.

BY WARREN WEBB • TECHNICAL EDITOR

MAY 25, 2006  |  EDN 39

DISPLAYS
INVADE

EMBEDDED-
SYSTEM
SPACE

Figure 1 Electronic-
paper displays from E
Ink contain millions of
bistable microcapsules
that change color with
an activating charge.
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uct design is always a compromise be-
tween first to market and the best set of
features. A flexible graphics interface,
along with a built-in network connection,
offers the option of shipping the product
with an initial set of features and then
upgrading firmware over the network to
meet competitive pressures or to fix prob-
lems. Another marketing strategy is to
offer a limited-function device at a low
price and then offer to sell the user
optional, remotely activated features or
services. Either approach requires a well-
designed, general-purpose hardware plat-
form with an adaptable graphics unit and
sufficient system resources to accommo-
date future software applications.

DISPLAY PROCESSOR
Designing a display-based interface into

an embedded product is a major under-
taking with significant impact on cost and
scheduling. An application that once
required an 8-bit processor may need a
second CPU or an upgrade to 16 or 32
bits when you take graphics into consid-
eration. A graphics subsystem also con-
sumes substantial memory and power
resources. Combining graphics processing

with a legacy embedded-system task may
also require the addition of a real-time
operating system to maintain timing per-
formance for the application. In addition,
the display unit requires a new power
source and mechanical packaging.

Designers have several alternatives to
integrating a graphics display into an
embedded device. The most radical
approach is to redesign the device with a
new processor section that can support
both the embedded task and the graph-
ics display. The software team can then
develop a custom graphics library for the
embedded-system application. Although
this method probably requires extensive
NRE (nonrecurring-engineering) costs, it
should produce the most efficient system
with the least expensive production hard-
ware. A less intrusive approach is to treat
the graphics section as an external peri-
pheral with a communications channel to

the embedded processor. This technique
allows developers to choose off-the-shelf
graphics and software elements to mini-
mize development costs.

Active-matrix-LCD screens are the
most popular graphics-output devices for
embedded systems because of their low
power requirements, low weight, superi-
or image quality, and fast response. LCDs
sandwich cells of a light-polarizing liquid
between two perpendicularly polarized
glass panels that a matrix of TFTs (thin-
film transistors) drives. An electric cur-
rent changes the polarization character-
istics of the liquid and blocks light trans-
mission through that cell. Expanding on
this basic principle, manufacturers offer a
wide array of high-resolution, mono-
chrome and color LCD panels to fit most
embedded-system applications. Many
designers combine an LCD panel with a
resistive touchscreen or several variable-
function input switches to form the com-
plete user interface.

OLED (organic-LED)-display tech-
nology, which Eastman Kodak developed
more than 20 years ago, are gaining pop-
ularity in embedded-system applications
because the technology offers potential-
ly brighter, higher contrast images with
less power and lower manufacturing costs
than LCDs. OLEDs sandwich several
organic films between a metallic cathode
and a transparent anode. The carbon-
based films comprise a hole-injection
layer, a hole-transport layer, an emissive
layer, and an electron-transport layer. The
choice of organic materials and the layer
structure determine the color, operating
lifetime, and power efficiency. When you
apply voltage to the OLED, the injected
positive and negative charges recombine
in the emissive layer and create electro-
luminescent light. Unlike LCD panels,

Figure 2 Qualcomm’s IMOD technology combines MEMS structures with thin-film
optics to duplicate the light interference iridescence in nature.

AT A G L A N C E
The recent popularity of con-

sumer devices with full graphics dis-
plays puts pressure on embedded-
system designers to match the user
experience.

Although internally complex, a
graphical display simplifies the user
interface by hiding auxiliary functions
and features until the user needs
them.

A well-designed embedded
device with a graphical user inter-
face may survive product changes
and updates without hardware 
modifications.

Several vendors offer complete
drop-in graphics subsystems that act
as stand-alone serial peripherals to
embedded processors.

Embedded-system developers
can replace user-interface hardware
with a communications link to com-
mon external consumer devices.

�

�

�

�

�

Figure 3 Sharp Microelectronics’ 3.5-in.,
quarter-VGA TFT LCD targets low-power,
portable designs requiring high-brightness
displays.
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OLEDs emit light and require no back-
lighting. OLEDs suffer from reduced
yields and limited life span. Further, water
can easily damage the matrix.

PAPER DISPLAY
Although the technology has roots in

the 1970s, recent advances in manufac-
turing techniques have renewed interest
in electronic-paper displays. These dis-
plays possess a paperlike, high-contrast
appearance; ultralow power consumption;
and a thin, light, sometimes-flexible form
(Figure 1). It gives the viewer the expe-
rience of reading from paper but adds the
power of updatable information. Millions
of microcapsules, containing a dark fluid
and hundreds of tiny, white chips, cover
electronic-paper displays. With an acti-
vation grid controlling the charge at each
microcapsule, you can specify the color at
each pixel by forcing the white chips to
rise to the surface or sink to the bottom.
An advantage of this electronic-ink
approach is that the bistable, nonvolatile
microcapsules retain their position when
you turn off the power. To demonstrate
the concept, E Ink offers a Linux-based
electronic-paper-development kit that
provides an 800�600-pixel display, elec-
tronics, and software to construct a bat-
tery-powered, portable book reader.

Qualcomm hopes to define the next
generation of display technology by com-
bining MEMS (microelectromechanical-
system) structures with thin-film optics.
The company used as its model the nat-
ural microscopic structures on butterfly
wings and peacock feathers to produce
the IMOD (interferometric-modulator
display), which uses interference to mod-
ulate the light and create low-power,
reflective displays (Figure 2). IMOD ele-
ments typically measure 10 to 100
microns per side and include a tiny film
structure that moves just enough to reflect
a precise wavelength of light. The reflec-
tive film moves a certain distance, and
that distance determines the color of the
IMOD elements, each of which repre-
sents 400 to 1000 dpi. Designers can
group several of these elements to form a
single pixel. To create a flat-panel display,
Qualcomm fabricates and packages a large
array of IMOD elements in the desired
format. Finally, the company attaches

driver chips at the elements’ edge to com-
plete the display. Because the reflective
IMOD requires no backlight, the unit has
low power consumption.

Regardless of the technology you
select, graphics-software libraries and
drivers are essential to any display system.
You can obtain control routines from the
display manufacturer, third-party vendors,
or in-house. Alternatively, the operating
system may integrate these routines. Sim-
ple drawing libraries include subroutines
to render lines, circles, boxes, and a lim-
ited selection of text type styles. The next
step up is an object-oriented graphics
library that includes pushbuttons, sliders,
gauges, graphs, and drop-down menus. If
you change one or more objects on the
screen, library routines automatically
redraw the affected objects. The third
level of software is the graphics manager,
such as Microsoft Windows or X Win-
dows, in which applications can inde-
pendently control their portions of the
display screen. The complexity and soft-
ware footprint grow depending on the
library model you select.

For designers wanting to start with a
bare-bones display and develop their own
interfaces and custom software, Sharp
Microelectronics recently introduced a
3.5-in. transflective TFT-LCD display
with 100 cd/m2 of brightness (Figure 3).
The quarter-VGA LQ035Q7DH01 mod-
ule targets portable devices requiring low
power consumption and operation in a
wide range of lighting conditions. Such
applications include GPS (global-posi-

Figure 4 A new, 4-in., color, touch-display
module from Reach Technology allows
designers to integrate graphics as an
intelligent serial device.
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tioning-system) units, PDAs (personal
digital assistants), bar-code scanners, and
test equipment. The display features
262,144 colors, power consumption of
less than 365 mW, a contrast ratio in
transmissive mode of 100-to-1, and an
operating temperature of �10 to �70�C.
Including the LED-backlight system, the
display module measures only 4 mm thick
and weighs approximately 45g.  The LQ-
035Q7DH01 sells for $145 (50).

DROP-IN DISPLAYS
Several vendors offer evaluation plat-

forms that combine the LCD screen, dis-
play controller, graphics library, and
touchscreen to minimize the develop-
ment effort. This off-the-shelf approach
eliminates the user-interface-hardware
development and software integration
and allows the designer to add graphics to
a device with a simple serial interface. For
example, Reach Technology recently an-
nounced a 4-in., color, TFT touch-display
module for medical, industrial, and gam-
ing applications (Figure 4). The compa-
ny based the 42-0086 display-module kit
on the Reach SLCD controller card and
a 320�240-pixel LG Philips LCD panel.
The unit requires no special operating sys-
tem or library on the host processor and

allows users to access the LCD as an intel-
ligent serial device. The system writes
text and graphics images to the display by
issuing one of more than 50 high-level
commands. Standard features include a
variety of built-in fonts, buttons, charts,
and meters, along with high-level macro
capability. A built-in touch interface
allows you to define graphics buttons on-
screen; when you push these buttons, they
return a serial string. The SLCD micro-
processor code includes a graphics
library, text fonts, predefined bit maps,
and a command interpreter. The 42-0086
module is available as an evaluation kit
with a power supply and serial cable for
$345 (one).

A display system would be cost-pro-
hibitive for deeply embedded devices;
however, you can still create a graphical
user interface for such devices. For exam-
ple, a short-range wireless connection to
a general-purpose device, such as a PDA,
laptop computer, or mobile phone, can
give users a full-graphics display of device
operation. Bluetooth, 802.11, infrared,
and even a hard-wired connection
enable graphical interaction with a much
lower development effort and minimal
hardware cost. Embedded devices lacking
network connections may need no hard-
ware user interface at all. An Internet
connection can turn any connected PC
with a standard browser into a remote
front panel. Plenty of free or low-cost
Web-development tools are available to
help create a user-friendly interface. With
an Internet connection, you can also use
the same communications link for re-
mote software updates and product data
collection.

As graphics become commonplace in
computer and consumer electronics,
embedded-system designers must offer
similar multimedia features to live up to
user expectations and stay competitive. A
graphical user interface can often trans-
form a complex embedded device into a
simpler, streamlined product with easy-to-
update features. With a broad range of off-
the-shelf hardware and software products
available, designers now have the tools to
incorporate a sophisticated graphics
interface into ever smaller embedded
devices.EDN
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well with an analog-control loop? Ana-
log-control loops tout accuracy, engi-
neers’ understanding of their design, and
the support of a plethora of analog-con-
trol ICs. However, an analog-control loop
targets a specific narrowly defined load.
If the load has a wide variation, howev-
er, it’s difficult to tune the analog loop
over the load’s entire range. In addition,
if you need a design platform that you
reuse in a variety of products without
changing the parts, analog is a poor
match. Says Ron van Dell, president and
chief executive officer of Primarion, “If

it’s a true digital controller, then design-
ers can configure all the aspects of that
controller by putting values in registers,
using no outside hardware changes.”
Designers can more quickly optimize and
debug the system, working only on a PC’s
GUI, than they can by soldering and
unsoldering various onboard resistance
and capacitance values, he says. (For a
more detailed explanation of how a dig-
ital PWM works, see Reference 1.)

Digital-control loops require a rela-
tively fast, powerful processor, which is a
drawback in the penny-pinching world of

power subsystems. Proponents of digital
claim that designers can offset the cost of
the processor by eliminating some com-
ponents or by using cheaper passive com-
ponents. Says Don Paulus, vice president
and general manager of Linear Technol-
ogy’s power-management-product line,
“The accuracy with which you generate
power is inherently an analog function.
However, when you have all this digital
capability, instead of making absolutely
accurate parts, you can make relatively
‘sloppy’ parts and then use the digital con-
trol to calibrate out a lot of those errors.
It’s akin to what’s happened in signal con-
ditioning, in which you can often make
systems that are not very accurate and
then calibrate out all the errors.”

But performance metrics for power
include more than just accuracy, says
Paulus. “We’re looking at the promise for
digital technology to address transient
capability,” he says. “For example, if the
supply knows that a large load step is
coming, it could alter its loop dynamics
on the fly; respond quickly to that tran-
sient; and then shift back to its steady-
state, lower bandwidth precision. That
kind of flexibility could affect the need for
load capacitors.” Although interested in
digital power, few traditional “silver-box”
(closed-frame)-power-supply manufac-
turers have rushed to switch to it. Only
a small slice of Linear’s customer base has
any interest in digital power, says Paulus.

But digital power involves more than

BY MARGERY CONNER • TECHNICAL EDITOR

n the past year, digital power has been a hot topic for sys-
tem architects, power-supply designers, and mixed-signal-
IC vendors. Nay-sayers argue that digital power is need-
lessly expensive and complex—a solution in search of a
problem. Proponents argue just as vehemently that digital
power is inevitable and will within a few years virtually
take over the power-subsystem landscape. These seeming-
ly incompatible viewpoints seem strange for a technology
as straightforward as system power, but the disparate views
are understandable once you find that each side offers dif-
ferent definitions of digital power and often refers to dif-
ferent applications. This confusion occurs because digital

power has two distinct components: digital control of the PWM-
feedback loop and power management and communication.

Digitally closing the loop is by far the more complex part of dig-
ital power. The first question that springs to mind is: Why use dig-
ital control, when SMPSs (switched-mode power systems) do so

I
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just digitally closing the control loop. It
includes the management and commu-
nication functions that are becoming
increasingly important in datacom and
telecom systems. These systems rely on
power processors operating with multiple
voltages rails, which must power up and
down in a set sequence. In addition to
their power-sequencing needs, pieces of
equipment such as routers and high-end
servers are likely candidates for digital
power because of their need to commu-
nicate with the system supervisor and
their potentially high maintenance
costs. The power economy of slightly
more efficient digital-control loops is an
advantage, but power costs are a drop in
the bucket compared with maintenance
costs over the lifetime of a supply.  As
Bob Lukas, product-marketing manager
for Intersil’s computing-power products,
puts it, “A server is defined by its relia-
bility.” Digital power may get its first toe-
hold in high-end-computing systems due
to its ability to inform the system of the
health of the power subsystem with infor-
mation about current and temperature.
Digital-power management can help
with reliability and maintenance by
reporting temperature changes, unex-
pected current draw, and fan-speed
changes in the power subsystem.
All of these factors can tell a main-
tenance worker more than a sim-
ple warning light can.

Chris Ambarian, senior analyst
for iSuppli, puts a dollar figure on
how the cost of ownership dwarfs
the initial power-hardware cost for
these huge server and switching
farms: For every dollar a power sup-
ply costs, the maintenance and cost
of ownership is $6. You need not
incorporate digital control if all you
want are the benefits of digital-
power communication and man-
agement. Some IC vendors are following
the lead of their customers by taking a
cautious approach to digital power, reap-
ing the benefits of power management
without committing to the added com-
plexity of digital-control loops. Microchip
sees the move as gradual and has a road
map calling for four levels of integration
for digital power, allowing the company
to slowly immerse itself into the tech-
nology.

At the simplest implementation, the
host system can turn the power subsystem
on and off. Keith Curtis, principal appli-
cations engineer for the security, micro-
controller, and technology-development
division at Microchip, says that this capa-
bility sounds deceptively trivial but states,
“It gives you a number of valuable con-
trol options.” These options include fault
recognition and restart, remote-control
start-up, power-up sequencing, and soft
start. “This level is very unobtrusive in
the analog-loop design,” he says.

At the next level of complexity, the
system power controller controls power-
supply outputs and responses. Microchip
sometimes calls such designs digitally
assisted: The microcontroller is more
intrusive and has limited access to some
components of the analog-control loop,
such as the voltage reference. This level
of implementation provides a true soft
start, because you can control the output
voltage, and requires an inexpensive

microcontroller, such as Microchip’s
PIC10, which sells for less than 50 cents
(volume quantities). The addition of a
microcontroller enables such features as
undervoltage lockout, delayed start-up,
and clock dithering in a SOT-23-package
microcontroller and eliminates the cost
of implementing these features in separate
circuits. Adding a microcontroller also
allows you to support digital-communi-
cation functions through a protocol such
as the PMBus, an industry-backed stan-
dard, which its developers based on the
hardware-standard I2C bus (Reference
2). This level of implementation is pop-
ular for designers hesitant about com-
mitting to a pure-digital-power design.
Ahmad Ashrafzadeh, business manager
for digital-power products at Maxim, says,
“For most designers interested in digital
power, closing the loop is not first on their
list; it’s nowhere near the top.” Instead,
he says, they want features such as the
ability to control the output voltage; to
track, sequence, and get feedback on
parts; and to use these diagnostics to track
the health of the overall system. Maxim
plans next month to introduce a chip that
achieves these goals and works in tandem
with an analog PWM-controller IC.

Microchip’s next level of imple-
mentation still relies on a tradi-
tional analog-feedback loop but
allows the microcontroller to mod-
ify the power supply’s topology, such
as in an application for an LED
flashlight with a rechargeable bat-
tery. The battery charges from a
buck topology and discharges from
a boost topology. Such a circuit can
use the same—yet differently con-
figured—inductors and capacitors
and reconfigure from a buck supply
charging the battery to a boost sup-
ply discharging the capacitor into
the supply lines. To date, only

Microchip offers a microcontroller, the
PIC16F785, that targets this level of inte-
gration.

Microchip’s highest level of imple-
mentation, true digital control, integrates
all the PWM-control loops into a digital
controller. Much activity has occurred in
recent months in this area. Last summer,
only Texas Instruments, with its UCD9k
and UCD7k DSP-based chip set, and Sil-
icon Laboratories, with its Si8250, had

Figure 1 Designers usually dismiss point-of-load sup-
plies as too simple to benefit from digital-control tech-
niques, but this 40A supply from Bellnix incorporates a
Volterra digital controller for less than $30.
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AT A G L A N C E
Digital power encompasses both

digital control of the PWM control
loop and digital-power management
and communication. Systems may
use one or both forms of digital
power.

Look for several more digital-con-
trol and -management ICs to debut
this year.

Expect to see a gradual move
toward digital power as processing
power grows ever cheaper.
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announced such products. Since then,
Primarion has introduced the PX7510 for
POL (point-of-load)-system applica-
tions, Zilker Labs has introduced the
ZL2005, Linear Technology has an-
nounced that it is acting as a second
source for Primarion’s POL chips, and
Intersil has announced its second-sourc-
ing of Primarion’s PX3535 part for moth-
erboard core voltages. In addition, expect
competing chips from Analog Devices,
Microchip, and Texas Instruments by the
end of the third quarter of this year.

With the exception of the UCD9k and
UCD7k from TI, all of these chips have
moved away from the fully programmable,
general-purpose-DSP model to the more
streamlined, dedicated-state-machine/
digital-filter combination. Even so, the
amount of software configurability avail-
able for these chips varies considerably,
ranging from Zilker Labs’ almost com-
pletely hard-wired ZL2005, which sets
loop and performance characteristics by
pin-strapping inputs to the chip, to the
Silicon Labs approach, in which the sys-
tem uses an 8051 core to perform com-
munication tasks. All the manufacturers
have configured the chips with GUIs that

hide all digital-loop-control algorithms
from designers. Prices for the chips range
from $1.50 to $5.

Despite the rush of interest by IC ven-
dors, dedicated ICs will not necessarily
dominate digital control. Lambda Power’s
R&D experience with digital controllers
serves as a real-world case study of how
to evaluate new technology when you’re
trying to anticipate your customers’ needs.
Hiroyuki Yashiro, chief technical officer
of Densai-Lambda, the sister division of
Lambda Power in Japan, says that the
company has R&D efforts in three divi-
sions, each designing converter applica-
tions: a dc/dc converter, a UPS (uninter-

ruptible power supply), and an ac/dc con-
verter. Each design group independently
selected its control chips: a general-pur-
pose TI DSP chip, a custom ASIC, and
an Atmel FPGA, respectively. Why does
Lambda consistently go the roll-your-own
route? Eiji Takegami, a design engineer
with Lambda’s advanced-development
department, says, “Customers won’t buy
a power supply if the performance is equal
to an analog-loop-based supply; the per-
formance must be better.” Takegami cites
the fact that a digital-control loop can
respond to a wider range of capacitive
loads and still stay within spec than can
an analog loop.

In addition to superior performance,
Yashiro cites the benefits of having one
standard platform as both cost-saving and
flexible. Designers must make changes
through software rather than manually
tweaking, redesigning, or swapping out
components. Another reason for devel-
oping the control circuitry in-house is the
importance of differentiating products.
Although some vendors want to make the
digital-control-loop design as painless as
possible, Lambda sees the turnkey
approach as a drawback—that is, if any-
one can design a digital-control loop,
what value does Lambda add to the
process?

WHAT’S AHEAD?
Most power subsystems currently offer

simple on/off communication ability, so
it will take a while before a sizable per-
centage of systems relies on any form of
digital power. High-performance proces-
sors now have limited ability to manage
power, but that ability is vital for the com-
ing breed of electronics, says Shekhar
Borkar, a fellow and director of micro-
processor research at Intel. He describes
chip power as having two components:
delivery and dissipation. “You’ve got to
improve your performance in the enve-
lope that you can afford with the power
delivery and power consumption,” he
says. “How can you improve the proces-
sor performance in that power envelope?
The answer is: Put a lot more processing
power into it.” In the past, processing
power, rather than electrical power, lim-
ited designers’ abilities in this area.
Moore’s Law makes transistors plentiful,
and Borkar has exploited the surfeit of
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Primarion’s single-phase, step-down, PMBus-compliant PX7510 digital dc/dc convert-
er, which Linear Technology will sell as the LTC7510, provides for outputs as low as
0.7V. The price is $1.75 (1000).
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For a related article, go to www.edn.
com/article/CA6268902.

To read more about digital-power
controllers, go to www.end.com/
article/CA6293748.

To learn more about dc/dc convert-
ers, go to www.edn.com/article/
CA6269274.
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transistors to put the power digital-con-
trol loop under the control of the server’s
processor, saying that some of the com-
pany’s products incorporate digital
power. Borkar predicts that the trend of
having the main processor control digi-
tal power will trickle down into main-
stream products, such as laptops and desk-
top systems (Reference 3).

In addition to processor power, system
architects must also be able to manage
power at the system level. Energy-saving
mandates that focus on power-supply effi-
ciency, such as EnergyStar, are important,
but they look at only part of the picture.
For example, in a cell-phone transmit-
ter/receiver system, the radio base station
accounts for more than 90% of the power
consumption for a network, including the
handsets and their power conversion
(Reference 4). Making cell phones’ ac/dc
and dc/dc converters more efficient is one
step toward managing power, making the
devices approximately 1% more efficient.
However, because the radio base stations
themselves are relatively efficient, in-
creasing the converters’ efficiency by this
percentage does not significantly impact
the devices’ overall efficiency. Pierre
Gildert, an engineer at Ericsson Micro-
wave Systems, points out: “The closer you
get to the antenna, the more expensive
the losses become.” Thus, you can
achieve great power savings by putting
the remote-radio unit on the antenna
tower and enabling it to respond dynam-
ically to power fluctuations. For example,
the system would benefit from a sleep
mode, which requires intelligence, on/off
control, and fast response for wake-up, as
well as the intelligence to adapt to low-
and high-traffic periods.

Ambarian of iSuppli predicts that the
next step in system-power management
will require the establishment of a POS
(power operating system), which will rely
on power-subsystem drivers to communi-
cate. These drivers can be silver-box
power supplies, voltage-regulator chips, or
POL converters. The POS will allow sys-
tem designers to manage every aspect of
a given power system, on time scales that
are appropriate to every level of a control
scheme.  Those time scales will range from
nanoseconds to seconds, and Ambarian
predicts that comprehensive control of
them will provide benefits in system effi-

ciency, flexibility, and reliability.
Don’t count out the lower end of power

subsystems from the future of digital
power. Bellnix, a maker of POL convert-
ers for FPGA-based systems, recently
introduced its 40A BDA series of POL
converters with PMBus interfaces. The
small module sells for $30 and uses the
Volterra digital processor (Figure 1).
Power-One has started offering Z-1000
No-Bus digital POL converters, such as
the 15A ZY1015, which require no exter-
nal communication overhead.EDN
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etwork-switch designs have evolved to support
multimedia traffic through QOS (quality-of-
service) techniques. But WLANs (wireless
LANs) fundamentally differ from wired Ether-
net in a number of ways and particularly in that
clients roam among access points. So, wired-

Ethernet QOS measures don’t apply seamlessly to WLANs. A
designer can rethink the QOS implementation, and particularly
how to implement COS (class-of-service) queues to ensure that
a switch handles wired and wireless clients equally well in the
case of rich data streams.

In multilayer switching that supports QOS, the processing at
the switch egress mainly focuses on the scheduling of the exit-
ing packets. Packets reside in various COS queues before the
network schedules them for for-
warding. The assignment of the
COS depends on either the
examination of the packet con-
tent or the priority that comes
with the packet.

In a wired-QOS scheme,
each egress port has a fixed
number of COS queues, because
the downlinked, wired, end-
client devices connect directly
to the switch. A wired-client
device rarely hops from one
switch port to another. Clearly,
binding COS queues to an
egress port can be a major draw-
back in an enterprise network
with WLAN support. Typically,
a WLAN-client device con-
nects to the enterprise-LAN
infrastructure through an
access point, but the connec-
tion to that access point is not
permanent. The wireless client
can move from one location in
the office to another, thus
changing the connection point

in the enterprise LAN from one access point to another. Assum-
ing that two access points connect to the same switch, when
an access point hands off the wireless connection to another
access point, the sudden change of exiting packets from one
egress port to another would present a problem. Because the
exiting packets queue up at one egress port, the movement of
the client device to another access point and egress port would
prevent the queued packets from reaching the intended client,
resulting in either packet loss or retransmissions, depending on
the application.

An enhancement of egress-queue management can accom-
modate mobility in wireless applications, particularly latency-
sensitive applications such as VOWLAN (voice over WLAN).
In this enhanced method, the COS queues do not depend on

BY EDWARD LOR • SINETT CORP

Dynamic packet
classification enables
multimedia traffic on WLANs
RETHINK YOUR QOS IMPLEMENTATION TO ENSURE THAT
YOUR DESIGN CAN HANDLE WIRED AND WIRELESS CLIENTS.

MAY 25, 2006  |  EDN 55
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Figure 1 Next-generation enterprise networks will require unified accessibility for both wireless and
wired clients, as well as convergence of voice and data applications.
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the physical egress ports as in legacy switches. You can consid-
er each COS queue as a flow of packets traveling toward a client.
Because each COS queue dynamically binds only to a physical
port, you can easily modify the binding when the client device
moves from one access point to another. The COS-queue bind-
ings are software-programmable, based on the establishment,
tear-down, and predetermined idling time-out of traffic flows.

UNIFIED ACCESS IN THE ENTERPRISE
Consider the case of VOWLAN—essentially, VOIP (voice

over Internet Protocol) over a WLAN—as it emerges as a key
enterprise application. Next-generation enterprise networks will
require unified accessibility for both wireless and wired clients,
as well as convergence of voice and data applications (Figure
1). In an enterprise environment, devices such as PCs, servers,
wired IP phones, and access points can connect to the switch.
The access points in turn cover WLAN devices, such as
WLAN-phone handsets, PDAs, and laptops.

Challenges such as security, network reliability, and QOS were
obstacles to IP telephony even in wired LANs. But current intel-
ligent, multilayer, wired, or legacy switches have adequately
addressed these issues. In legacy switching, ingress-packet filtering
and egress scheduling are the usual mechanisms to enable QOS
for latency-sensitive traffic. The most important concept in intel-
ligent switching is the concept of a flow, which represents all the
packets of a source, destination, application protocol, traffic char-
acteristic, or a combination of all these criteria. Traffic that con-
stitutes a flow can be, for example, a media stream from station
10.5.98.2 at port 31320 to station 10.5.92.102 at port 56020, with
UDP (User Datagram Protocol) as the Layer 4 protocol. (The
common ingress filtering is the source-IP address, destination-
IP address, Layer 4 protocol, source Layer 4 port, and destina-
tion Layer 4 port.) Other examples of flows are ones including
all packets between station 192.168.93.10 to 192.168.22.0/24,
all HTTP traffic originating from 10.5.8.22, and all traffic orig-
inating from 192.168.112.0/24 with a DSCP (differentiated-serv-
ices code point) of seven, etc.

A legacy switch uses its ingress-filtering capability to identi-
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Figure 2 In a legacy switching operation, a single wire drop goes from the wiring closet to the end-user office or cubicle, in which the
user connects both the voice- and data-network equipment.

Figure 4 In this scenario, packets still queue up at COS X without
jumping from queue to queue.

Figure 3 Statically bound queues to egress ports in a mobile envi-
ronment have limitations.
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fy the traffic and classify the packets into certain
flows that the network administrator defines to have
the traffic conform to certain data-forwarding pro-
files. The resulting actions of packets in flows
include dropping the packets, policing or shaping
the traffic to a certain bandwidth requirement,
assigning internal COS for the packets, and redi-
recting or mirroring the traffic to other destinations.
After the ingress filtering of a packet, the switch identifies the
packet’s egress ports. It then places the packet in the COS queue
of its designated egress port for forwarding. The scheduling of
packet exits depends mainly on the packet’s internal COS and
the flow’s bandwidth profile. The common scheduling algo-
rithms include strict priority, weighted round robin, and weight-
ed fair queuing. In most legacy switches, each egress port has a
predefined number of COS queues—commonly, four or eight—
to accommodate the classified packets. The network adminis-
trative traffic, latency-sensitive application traffic, and mission-
critical application traffic usually get higher COS. Because
VOIP applications are latency-sensitive, the packets associat-
ed with those applications’ voice and video flows usually receive
higher COS numbers within the switch.

In egress scheduling in a legacy-switching operation, a single
wire drop goes from the wiring closet to the end-user office or
cubicle, in which the user connects both the voice- and data-
network equipment—that is, an IP phone and two PCs—to one
Ethernet jack (Figure 2). The voice packets are in the higher
COS queue and, hence, take precedence over latency-insensi-
tive traffic traveling to the PCs in the exit scheduling.

NEW CHALLENGES IN VOWLAN
Though legacy ingress-filtering and egress-scheduling

schemes work well in wired-LAN clients, VOWLAN presents
a new technical challenge in intelligent switching. The move-
ment of wireless-client devices is common in VOWLAN
because these devices migrate from one port of a switch to
another as they hop from access point to access point. Placing
a client’s packets at a COS queue of a certain egress port pres-

ents a problem if the client is moving from one
access point and one egress port to another access
point and egress port. Legacy switches don’t typi-
cally dequeue packets from the COS queue of one
port and place them in the COS queue of anoth-
er port. Because packets have queued up at one
egress port, they will transfer to the port’s connected
access point and be unable to reach their intend-

ed client. A WLAN infrastructure with old access points fur-
ther emphasizes the need for better queue management, because
these access points have little buffer space. Therefore, most of
the downstream frames for the clients must queue up at the
switch.

Statically bound queues to egress ports in a mobile environ-
ment have limitations (Figure 3). After packets N, N�1, and
so on, through N�k are in the egress queue, the client moves
from one access point to the second access point, effectively
changing its connection to the LAN from Port P to Port Q. As
packets for the client start accumulating at the COS queue,
these remaining packets still arrive at the first access point and
transmit through the air to a client that has roamed away. The
problem stems from a lack of a well-defined mechanism to
dequeue packets N, N�1, through N�k at COS P and place
them at COS Q. Furthermore, these dequeued packets must
jump in the line at COS Q because they should arrive before
packets N�k�1, N�k�2, and so forth. Unfortunately, such
egress queuing with mobility knowledge is uncommon in lega-
cy switches.

For non-real-time, wireless-data applications, maintaining ses-
sion persistence is not the most critical issue. For example, if
you are downloading a large file on your laptop while moving
with it around the office, the TCP (Transmission Control Pro-
tocol) session can always retransmit the lost packets, because
FTP (File Transfer Protocol) is not a real-time, latency-sensi-
tive application. On the other hand, latency-sensitive
VOWLAN has more stringent requirements and demands seam-
less hand-off between one access point and another when the
wireless handset moves around the office. Otherwise, the net-

work may interrupt or drop the
conversation. The infrastruc-
ture should avoid both long
latency for executing the
hand-off and packet losses
resulting from the hand-off.

CENTRALIZED QUEUE
The solution to the seamless-

mobility problem centers on
another type of COS queues to
egress-port binding. Obviously,
designers must revise this
scheme of static binding of
COS queues to egress ports for
mobile-aware switching. A
flexible, dynamic association
of COS queues to the egress
ports constitutes the core con-
cept of this approach. This sce-
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nario involves a centralized pool of
egress-COS queues in the switch. The
centralized pool allocates the COS
queues on demand as soon as you set up
a flow for ingress filtering of the voice
stream. The COS queue logically binds
only to the egress port that links to the
IP phone. For wired-IP telephony, this
binding remains the same for the dura-
tion of the call. For wireless-IP telepho-
ny, this binding is subject to change as
soon as the mobile client moves to
another access point.

Queue COS X handles the flow of
downstream packets to the wireless hand-
set (Figure 4). Packets accumulate in this
COS queue, which initially binds to
egress Port P. After the client hops from
Access Point 1 to Access Point 2, thus
changing its association to the switch
from Port P to Port Q, the binding of
COS X to Port P simply reconfigures to
Port Q. In this scenario, packets still
queue up at COS X without jumping
from queue to queue.

In a typical access-point-hand-off sit-
uation, the WLAN phone gradually
moves from the coverage area of Access
Point 1 to that of Access Point 2 (Fig-
ure 5). The most crucial step of this
hand-off scenario is the change of COS
queue to egress-port binding at the
switch. In this example, you must assume
that the WLAN-phone handsets, like
most such products on the market, sup-
port WEP (wired-equivalent-privacy)
encryption and preauthentication; that
the switch handles most of the 802.11
processing; and that the access points are
thin, handling functions such as bea-
coning, power management, and over-
the-air QOS. Further, you must assume
that the switch software performs some
of the mobility processing, such as preau-
thentication and association; that the
access point does not transform 802.11
frames to 802.3 Ethernet frames or vice
versa; and that an encapsulation tunnel
exists between the switch and the access
point to transmit the 802.11 frames,
which the switch processes. You must
also assume that the WLAN phone is
initially associated with Access Point 1;
thus, the voice packets between the
client and the switch transmit through
Access Point 1.

To move the client from Access Point
1 to Access Point 2 involves three steps.

The first two steps, discovery and preau-
thentication, can take place within the
overlapping area of the two access points.
Once the client exits the coverage area
of Access Point 1, the client, Access
Point 2, and the switch complete the
move with Step 3: association. The soft-
ware in the switch registers the associa-
tion between the client and Access Point
2 and then triggers a new binding of COS
Queue X from Port P to Port Q. This
reconfiguration of the queue thus redi-
rects to Access Point 2 all the packets
that should transmit to Access Point 1.
The dynamic binding mechanism ensures
no packet loss in the switch due to the
hand-off.

To deploy VOWLAN, you must en-
hance the enterprise-LAN infrastructure
to accommodate the various technical
challenges of wireless-networking and
voice applications. The key technical
challenges include mobility and session
persistence, traffic management, location
awareness, and security. The LAN infra-
structure must be able to support move-
ment of wireless clients with seamless
hand-off of latency-sensitive flows. Traf-
fic-management capabilities must include
QOS, differentiated services, bandwidth
guarantee, and rate policing and shaping
traffic of various priorities. Location
awareness is important for several rea-
sons, including support for advanced
preauthentication and load balancing.
This feature is also crucial in pinpoint-
ing a client device in the case of an emer-
gency, particularly in a large enterprise
premise. Currently, VOWLAN clients in
the market use WEP as the security
measure, but future designs may require
802.11i support.EDN
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raditionally, chip vendors’ hardware specifications
have provided typical and maximum core-power
values at various frequencies. A common engi-
neering practice has been to use the typical power
number for thermal design and the maximum
power number for power-supply design, adding

appropriate margins to account for I/O power.
However, with the advent of high-end integrated communi-

cation processors, engineers must pursue this practice with some
caution. The definitions of “typical” and “maximum” power are
not standard. Surprisingly different definitions may arise among
vendors as they tout “marketing-optimized” power numbers in
an increasingly power-sensitive embedded-system marketplace.
Voltage, temperature, and application are among the obvious
factors that may differ in power specifications, but other more
subtle differences may also exist. Profiling power on an arbitrarily
selected part may provide misleading results. The imminent
introduction of standardized power benchmarks, such as
EEMBC (EDN Embedded Microprocessor Benchmark Con-
sortium) EnergyMark, is an attempt to standardize many aspects
of the measurement conditions. Unfortunately, these stan-
dardized benchmarks can also produce misleading results (see
sidebar “Issues with power benchmarks”).

SOURCES OF POWER CONSUMPTION
“Power dissipation,” or “consumption,” refers to the power

that various power-supply rails deliver to a processor for prop-
er device operation. The cooling system must remove this power
to ensure that the processor-die-junction temperature remains
within the recommended operating conditions.

Discrete processors usually have separate sets of power-sup-
ply pins for the core, the I/O interface, and the PLL (phase-
locked loop). The I/O and PLL supplies together usually account
for less than 5% of the total power of the processor. Note that
“core” refers to not only the CPU, but also all other internal
circuitry, such as cache, memory, interconnect circuitry, and var-
ious other logic blocks.

Integrated communication processors have one or more inte-
grated memory controllers, as well as a plethora of I/O inter-
faces and hardware-acceleration blocks. Hence, the parts usu-
ally provide additional sets of power-supply pins, either because
the voltages that the I/O requires differ or to provide better iso-
lation between interfaces. Several separate PLL supplies are also
common for supporting independent interfaces. Depending on

the I/O interfaces you use, the I/O supplies typically consume
10 to 20% of the total device power.

WHAT POWER DATA DO DESIGNERS NEED?
Designers need to know the worst-case power dissipation on

each supply rail so that they can design the power supply to pro-
vide the required peak current. Inadequate current supply on a
rail during peak-current draw may cause the voltage to droop
on that rail and ultimately result in system failures that can be
difficult to trace.

The thermal design must account for the total power dissi-
pation of the device. Ideally, you could design the cooling sys-
tem to remove power equal to the sum of the worst-case power
consumption on each supply rail. However, in today’s designs,
this goal can be challenging to attain and may be unnecessary.

The power that most realistic applications dissipate varies over
time and may vary among supply rails. The cooling system need
not remove instantaneous peak-power dissipation. It is usually
reasonable to have a cooling-system design that removes aver-
age power dissipation over milliseconds or seconds depending on
the application and the overall margin available. Failure to pro-
vide adequate cooling may not result in immediate failure, but
it could affect the long-term reliability of the device, surround-
ing devices, and possibly even an entire chassis-based system.

Finally, a system designer needs power-dissipation informa-
tion from various vendors to make comparisons. After narrow-
ing the processor choices to those devices that can fit within
the maximum power budget of the application, a designer has
to consider relative power metrics. Power dissipation and per-
formance per watt of representative applications are the com-
mon metrics designers employ. Designers may have to extrap-
olate power data from vendors to achieve a fair and valid com-
parison (see sidebar “Quizzing chip vendors on power”). 

DYNAMIC AND STATIC POWER
Particularly with smaller process geometries, it is important

to understand that you can separate core power conceptually into
two main components: dynamic power and static power. You can
express this relationship simply as: core power�dynamic power
�static power.

Dynamic, or “ac,” power, arises due to transistor switching
activity; a device consumes power when internal load capaci-
tances charge or discharge with logic-level changes. If you turn
off the clocks, dynamic power is zero. Dynamic power varies lin-

BY RAVI CHANDRAN • FREESCALE SEMICONDUCTOR

Power dissipation 
in high-end integrated
communication processors
ARM YOURSELF WITH TOUGH QUESTIONS FOR 
CHIP VENDORS TO MORE ACCURATELY COMPARE
POWER AMONG PROCESSORS. 

MAY 25, 2006  |  EDN 63

T

edn060502ms4174.qxd  5/9/2006  3:49 PM  Page 63



early with frequency and depends on the software running on
the device. It also varies quadratically with core voltage. Often,
within the same process technology, a vendor may specify high-
er core voltages for higher frequency ranges. Note that dynam-
ic power is independent of junction temperature. In summary,
you can express dynamic power, D, as: D�kAV2F, where A is
an activity factor that depends on the software, V is the core
voltage, F is the CPU frequency, and k is an empirically deter-
mined constant.

Most communication processors contain at least two major
frequency domains, one for the CPU and the second for the plat-
form; the platform bus typically runs at twice the speed of the
DDR (double-data-rate) memory clock frequency to match the
DDR. Hence, it may be useful to think of the dynamic-power
behavior as composed of two independent terms:

D�k1A1V
2FCORE�k2A2V

2FPLATFORM.
Static, or “dc,” power refers to power dissipation that occurs

as long as the part is on, even if the clocks are off. It is due to
the flow of leakage current that occurs in every powered tran-
sistor. It depends on core voltage and junction temperature.

Some use the term “sleep power” synonymously with static
power. When you place a part in a power-saving sleep mode, most
of the device is off. However, some parts of the device, such as
the interrupt controller, are still on so that an interrupt can wake
the device. Hence, sleep power has a small frequency depend-
ence and would be higher than the static power under identical
temperature and voltage conditions. But, in most cases, the dif-
ference between sleep and static power is likely to be negligible.

Unlike dynamic power, static power lacks a common simple
expression to describe its variation with core voltage and junc-
tion temperature. But static power increases exponentially with
junction temperature. In fact, it could possibly even double over
a 40 to 50�C temperature change in a 90-nm process. For its vari-
ation with voltage, it is reasonable to assume that static power
increases quadratically with voltage, similar to dynamic power.

Figures 1 through 3 qualitatively illustrate average core-power
variation with core frequency for a typical processor. Figure 1
shows that, when you keep the application, core voltage, and
junction temperature of a device the same, the average core
power varies linearly with core frequency. When you change
only the temperature and keep all other conditions the same,
you can obtain parallel lines for the core-power variation with
the core frequency for each given temperature. The y intercept
of each line represents the static power of the device at a par-
ticular core voltage and junction temperature.

In Figure 2, the application and the junction temperature are
the same in all cases. For each given core voltage, the average
core power varies linearly with core frequency. However, when
you use a higher voltage, the line has a higher slope as well as
a higher y intercept (higher static power). The slopes increase
with voltage, because dynamic power has a quadratic variation
with voltage, and static power generally also increases expo-
nentially with voltage.

The distinction between static and dynamic power may be
interesting in itself, but what is its value to a designer? First, as
designers use faster process technologies to achieve speeds close
to and above 1 GHz, the proportion of total power that is due
to static power increases significantly from low single-digit per-
centages to significant double-digit percentages.

Second, static power can vary significantly from part to part,
and dynamic power exhibits little variance across parts using
the same manufacturing process. With such significant part-to-
part variations in power dissipation, measurements you make
on one part do not necessarily indicate the worst-case power
scenario for all parts. Underestimating processor power through
failing to account for worst-case static power when designing
cooling systems could have serious consequences as it may
impact device reliability.

Third, designers should note that power may differ among
parts from different frequency bins even under otherwise-iden-
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Figure 1 The average core power varies
linearly with core frequency when the
application, core voltage, and junction
temperature are constant. When you
change only the temperature, you can
obtain parallel lines for the core-power
variation with the core frequency for each
given temperature. The y intercept of each
line represents the static power of the
device at the particular core voltage and
junction temperature.
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105�C

65�C

Figure 2 For each given core voltage, the
average core power varies linearly with
core frequency. However, when you use a
higher voltage, the line has a higher slope,
as well as a higher y intercept, indicating
higher static power. The slopes increase
with voltage because dynamic power has
a quadratic variation with voltage, and
static power generally also increases
exponentially with voltage.
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Figure 3 In this figure, the core voltage
and junction temperature remain constant
for different software loads. The slope
varies for different kinds of applications,
with an artificially designed application to
maximally dissipate power having the
highest slope, an idle loop having the
gentlest slope, and a Dhrystone bench-
mark having a slope between these
extremes. The y intercepts of the lines,
which indicate the static power of the
device, coincide, because static power
does not depend on the software.
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tical conditions. This situation occurs because a part that runs
at a higher frequency generally tends to have higher static-power
dissipation. When a designer decides to lower the frequency of
a device that a vendor specified to operate at a higher frequency,
it may actually dissipate more power than an identical device
that the vendor specified for operation only at the desired lower
frequency. Thus, it is important when going to production to
obtain devices that vendors specify for the desired frequency of
operation and not something higher; lower frequency devices
may also be lower in price. Also, note that even within a fre-
quency bin, static-power variations occur from one part to
another due to process variations.

Fourth, in some power-conscious system designs, clocks are
gated to a device or board to save power during periods of lower
system-level usage. A similar situation but on a smaller level
involves placing a processor in a power-saving sleep or nap
mode; this approach is especially useful for EnergyStar compli-
ance during idle periods in products such as printers. In such

situations, the device still consumes static power, and you should
take into consideration its temperature dependence to deter-
mine the actual power savings during idle periods.

Finally, when a hardware specification provides core power
and sleep power, you can separate the core power into its dynam-
ic and static components, because sleep and static power should
be close. However, sleep power usually occurs at a lower tem-
perature than the core-power specifications, which vendors must
convert to equivalent temperatures to accurately separate the
components.

HOW SOFTWARE AFFECTS POWER
Software can significantly impact dynamic core power, which

usually varies over the course of an application. Thus, for ther-
mal system design, a designer has to consider the kind of code
present in the software and the duration for which any high-
power code runs to determine the appropriate thermal design.

Figure 3 qualitatively illustrates how the average core power
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ISSUES WITH POWER BENCHMARKS
Power benchmarks are still
in various stages of devel-
opment, and not all details
of the measurement and
certification process are
available. However, difficul-
ties arise in using power
benchmarks for high-end
integrated communication
processors that require
heat sinks.

STATIC POWER: Bench-
marking certification usual-
ly involves measurements
on a single instrumented
board for the benchmarked
processor. This certification
is adequate for perform-
ance benchmarking,
because devices of the
same kind at the same fre-
quency should produce the
same performance results
under identical stimuli.
However, the power dissi-
pation of high-end proces-
sors varies from one device
to another due to static-
power variation even under
otherwise-identical condi-
tions. Static power in high-
end devices reaching 1
GHz and beyond in 130-nm
and smaller process geo-
metries can account for a
significant portion of the

total device power. The use
of a single device to bench-
mark power may provide
misleading results.

COOLING SYSTEM AND
TEMPERATURE: Dev-
elopment boards in a
benchmark-certification
process usually do not rep-
resent customer board
designs from a cooling-sys-
tem perspective. For
instance, a heat-sink fan in
a development board usu-
ally keeps the device well
below the maximum oper-
ating temperature.
However, high-reliability
systems do not use heat-
sink fans due to long-term
reliability requirements.
Instead, they typically use
passive heat sinks together
with redundant cooling
systems, and the resulting
systems are more likely to
operate close to the
processor’s maximum
operating junction temper-
ature. Because static
power varies exponentially
with temperature, the
results depend ultimately
on the junction tempera-
ture at which the device
under test settles. 

Even if the benchmark-
test results provide the
power consumption of the
active cooling system, the
results may not be useful
unless the designer plans
to use a similar active cool-
ing system under the same
ambient-temperature con-
ditions.

INTEGRATED PERIPHER-
ALS: Benchmarks are gen-
erally limited to exercising
the core and the memory
interface. However, highly
integrated devices offer a
variety of on-chip peripher-
als—from Ethernet ports to
PCI interfaces. These addi-
tional features are not in
use, although they contin-
ue to consume static and
possibly some dynamic
power if you leave them on
during the benchmark run.
Thus, a communication
processor with fewer fea-
tures (and a correspond-
ingly smaller die) is likely
to consume less power
than one with more inte-
grated features.

Benchmarks generally
serve two main purposes
for system designers: They
provide certified informa-

tion on absolute perform-
ance under known condi-
tions, and they provide a
means of comparing com-
peting devices. Unfortu-
nately, power benchmarks
are unlikely to satisfy these
purposes in the case of
high-end integrated com-
munication processors. 

You cannot use absolute
power numbers from
benchmark results for
design purposes; you must
consult vendor data sheets
for thermal and power-sup-
ply design guidelines. 

Relative comparisons of
power-benchmark results
of competing communica-
tion-processor vendors are
unlikely to be reliable, due
to differences in cooling
systems, processor static-
power variations, integrat-
ed-peripheral composition,
and the benchmarks that
do not exercise these
peripherals.

Furthermore, even com-
paring the relative power
of benchmark suites on the
same processor can be
misleading, because the
relative results depend on
the static power of the
processor you use.

edn060502ms4174.qxd  5/9/2006  3:49 PM  Page 66



Enter xx at www.edn.com/info

16-bit PIC24 MCUs and 
dsPIC® Digital Signal 
Controllers

Unifi ed 16-bit Architecture

•• PIC24F, low-cost entry

•• PIC24H, 40 MIPS high   
 performance 

•• dsPIC30F/33F for seamless  
 DSP integration

Low-Risk Design

•• Easy step up from 8-bit MCUs

•• Peripheral and Pin compatible  
 families

•• One development tool platform  
 for all 8-bit and 16-bit MCUs 
 and DSCs

Th
e 

M
ic

ro
ch

ip
 n

am
e 

an
d 

lo
go

, t
he

 M
ic

ro
ch

ip
 lo

go
, P

IC
 a

nd
 d

sP
IC

 a
re

 r
eg

is
te

re
d 

tr
ad

em
ar

ks
 o

f 
M

ic
ro

ch
ip

 T
ec

hn
ol

og
y 

In
co

rp
or

at
ed

 in
 t

he
 U

S
A 

an
d 

in
 o

th
er

 c
ou

nt
rie

s.
  

©
2
0
0
6
 M

ic
ro

ch
ip

 T
ec

hn
ol

og
y 

In
co

rp
or

at
ed

. 

www.microchip.com/16bit
microchip
DIRECT

www.microchipdirect.com

SEMINARS–16-bit MCU & DSC
Coming to over 100 cities worldwide

www.microchip.com/seminars

16-BIT MICROCONTROLLERS

Envision...16-bit Microcontrollers 
with 32-bit Performance and 8-bit Simplicity

Over 50 PIC24 Microcontrollers and dsPIC Digital Signal Controllers sampling today. 
For data sheets, samples and pricing go to www.microchip.com/16bit

576001_067.indd   1576001_067.indd   1 5/10/2006   3:33:13 PM5/10/2006   3:33:13 PM



varies with core frequency for a typical processor; the core volt-
age and junction temperature of the device are constant while
different software loads run. The slope varies for different appli-
cations: an artificially designed application that maximally dis-
sipates power having the highest slope, an idle loop having the
gentlest slope, and a Dhrystone benchmark having a slope
between these extremes. The y intercepts of the lines, which
indicate the static power of the device, should all coincide,
because static power does not depend on the software.

Cache-resident code that executes in tight loops with few
incorrectly predicted branches generally dissipates higher
dynamic core power. Low-power code tends to have more
pipeline stalls, resulting in execution-engine starvation, and it
typically involves many loads and stores to main memory.

Examples of high-power code include voice- or image-signal
processing, compression, and encryption software algorithms.
Such code can often take advantage of superscalar architectures
and any available vector SIMD (single-instruction-multiple-
data) units. The benefits of such vector units usually far out-

weigh the associated increase in power, because the device
attains its performance boost without increasing frequency and
core voltage. For instance, one experiment ran 20 EEMBC
benchmarks from the Networking and Telecommunications
benchmark on a Freescale PowerPC 7457 processor with and
without the use of its Altivec vector unit to compare perform-
ance gain and power increase. With the vector unit, this
approach resulted in an average fourfold geometric performance
gain with a modest average device-power increase of only 4.5%. 

Low-power-code examples include general control or data-
plane applications with significant packet throughput. Such
applications involve many interrupts and conditional branches
that branch-prediction hardware cannot accurately predict. Fur-
thermore, these applications also tend to have fewer situations
in which you can advantageously use execution-unit parallelism.

In experiments on Freescale’s PowerQuicc III processors to
determine the relative power of applications, an IPv4 (Inter-
net Protocol Version 4) forwarding application dissipated about
5 to 10% lower core power than a Dhrystone 2.1 benchmark.
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QUIZZING CHIP VENDORS ON POWER 
With tight constraints on
supply power, limited
board space, height
restrictions for heat sinks
due to the presence of
adjacent boards, and phys-
ical limits to cooling using
forced-air convection in
today’s designs, system
designers must carefully
assess power require-
ments when selecting
processors. Simply using a
power number from a
product brief when select-
ing a processor can result
in surprises later when you
attempt the actual hard-
ware design and layout. 

The following questions
are useful references for
helping chip vendors clari-
fy their power specifica-
tions beyond the minimal
footnotes in their hard-
ware specifications and
helping designers more
accurately compare speci-
fications among vendors:

Can you use the typical
power for thermal design? 
In most cases, it is likely
that the thermal-design
power needs to be higher
than the typical power.

Even if the vendor deems a
power number suitable for
thermal design with a
processor, the following
questions further probe
this issue to ensure that
the vendor’s claims are
accurate.

Does the vendor base the
specified power on case
temperature or on junc-
tion temperature?
When comparing proces-
sors, it is best to compare
power at identical junction
temperatures. This process
involves some arithmetic
to convert a case tempera-
ture to a junction tempera-
ture using the junction-to-
case thermal resistance.
Also, you may have to
extrapolate the power
number to a junction tem-
perature to make a fair
comparison. The vendor
should be able to provide
guidance on the power at
different junction tempera-
tures.

Does the vendor measure
the power at the nominal
or at a slightly lower volt-
age? 

Careful inspection of the
hardware specification is
necessary to ensure that the
vendor is quoting the power
at the nominal operating
voltage, not at a slightly
lower voltage, to provide a
more attractive number.

Is the application the ven-
dor uses to determine typi-
cal power conservative or
closer to a best-case sce-
nario?
A maximum-packet-
throughput scenario does
not necessarily correspond
to worst-case power dissi-
pation. Dhrystone does not
perform any I/O operations
but dissipates higher power
than I/O-intensive applica-
tions. Interrupts in an I/O-
intensive application can
cause significant numbers
of pipeline stalls, such that
power is lower than in a
cache-resident application
running in tight loops.
Designers should ensure
that the  scenario repre-
sents the worst case in
their applications before
using the typical-power
number for thermal-design
purposes.

Is the typical-power num-
ber applicable to 100% of
production parts?
Parts from a typical process
generally have average
static power, and worst-
case process parts dissi-
pate maximum static
power. Some vendors pro-
vide typical power numbers
based on a typical process,
rather than a worst-case
process. Therefore, produc-
tion parts may exceed the
specified typical-power
value under the given con-
ditions. For thermal design,
typical-power values for
worst-case processes are
necessary as guidelines.
Also, when profiling the
power of an application
using a development sys-
tem or in a prototype, you
may need the vendor’s help
to validate whether the
power measurements cor-
respond to a typical
process or a worst-case
process. You can also use a
device from a worst-case-
process corner with the
highest possible static
power in the prototype for
power measurements.
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This result was initially surprising, given that the Dhrystone
code and data reside completely in Level 1 cache and do not
involve any I/O. In contrast, the IPv4 application involved
heavy use of the Ethernet interfaces, the DDR interface, inter-
nal DMA engines, and the Level 2 cache for header stashing.
The lower core power in the IPv4 application was due to inter-
rupts related to reception and the transmission of packets, which
caused pipeline stalls. Dhrystone had no interrupts, and most
of the branches were predictable; hence, fewer pipeline stalls
occurred. Note that I/O power was higher in the IPv4 applica-
tion than in Dhrystone.

On-chip I/O power can be considerable for some high-speed
I/O interfaces, such as DDR, RapidIO, and PCI Express. Such
high-speed interfaces can each easily dissipate more than 0.5W.
Analogous to core power, the I/O power an interface dissipates
depends on the frequency, voltage, temperature, number of pins,
and the usage level of the interface. You can express the power
dissipated on an I/O pin as P�P0�ACV2F, where A is the activ-
ity level of the pin, C is its capacitive loading, V is the inter-
face voltage, F is the clock frequency of the interface, and P0 is
the static-power component.

DHRYSTONE BENCHMARKS
The Dhrystone benchmark also falls into the category of high-

power code because both the code and the data sections fit com-
fortably within Level 1 caches in today’s high-end processors.
Although Dhrystone generally does not represent real applica-
tions as a performance measure, it can be a useful gauge for esti-
mating power dissipation. In comparisons with a large set of
EEMBC benchmarks, Dhrystone’s power dissipation was with-
in 2% of that of EEMBC benchmarks on several Freescale Pow-
erPC processors. Note that EEMBC benchmarks mimic criti-
cal portions of real applications. In reality, EEMBC benchmarks
exercise only the core and memory interfaces, so the similari-
ty in power to Dhrystone is not too surprising.

Besides being freely available, Dhrystone code also fits into
a production tester, making Dhrystone convenient as a test vec-
tor for characterizing power dissipation. Experiments on
Freescale’s PowerQuicc III devices show that Dhrystone dissi-
pates more power than an IPv4 forwarding application. Hence,
Dhrystone provides a suitable upper bound for many realistic
applications, and you can use it for characterizing typical power. 

Although the use of Dhrystone for characterizing typical
power may work well for some integrated processors, its suit-
ability for any given integrated communication processor
depends on the processor-core power relative to other blocks
within the system. 

MAXIMUM POWER
The power-supply design of a processor requires maximum

power-dissipation information for each power rail. Designers
should ensure that this data is available from the chip vendors. 

For the core-power rail, the maximum-power value should be
the sum of the worst-case static power and the worst-case
dynamic power possible from the device. The worst-case dynam-
ic power should be higher than that you obtain from just run-
ning Dhrystone and should include power dissipation due to
simultaneous operation of various internal blocks.

For rails supplying I/O interfaces, you should take into account

a worst-case realistic usage of the interfaces. Ideally, the ven-
dor should provide the power dissipation on each interface sep-
arately for each speed, width, and other attribute that applies
to the interface. In this way, a designer may add the power con-
tribution of each interface corresponding to each I/O supply rail.

FEATURES TO LOOK FOR
The availability of low core voltages—preferably below

1.5V—is desirable, because it is one of the most significant fac-
tors that helps to reduce power as die sizes shrink with proces-
sor generations. Flexible clock multipliers between the core and
the platform are useful for running an application at a frequency
combination that provides adequate performance and minimizes
power.

In some applications, such as printers, in which a processor
remains idle until a job arrives, the availability of low-power
modes is important to meet EnergyStar requirements. Multiple
low-power modes may be available, and the specific low-power
mode depends on application requirements. For instance, in
PowerQuicc III, you can use the sleep mode to shut down the
core and all I/O blocks; an external interrupt can awaken the
device in this mode. For an application that needs to keep I/O
blocks active to awaken the core when packets arrive, the nap
mode is ideal, because it still saves significant power by stop-
ping the core. In a multiprocessor application that must main-
tain cache coherency, the doze mode is suitable, because it per-
mits you to snoop within the caches while the core is off.

Another important factor is the presence of dynamic power-
management capability. With dynamic power management, gat-
ing clocks automatically minimize
power consumption when a block is
idle. This feature may be automatic or
may require manual enablement,
depending on the device. It generally
has little or no performance impact
and it conserves power; hence, you
should use it when available.

Dynamic management of I/O
power is also important for minimizing the overall power con-
sumption in applications. For instance, the DDR memory con-
troller should be able to reduce power consumption by negat-
ing the SDRAM clock-enable signal when no transactions are
pending to the SDRAM; the usual trade-off for enabling such
a feature is a one-clock access-latency penalty.

Integrated parts come with an assortment of interfaces. How-
ever, a given application may not use some of the interfaces or
internal blocks. Therefore, it is important to be able to shut
down any unused blocks to save power. Furthermore, you may
also reduce the power estimates that the vendor provides by the
amount such unused blocks save.EDN
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ower MOSFETs can experience destructive ther-
mal effects at relatively low drain voltages and
currents that are well within the traditional SOA
(safe-operating-area) boundaries. For typical
SOA curves, in which gate-to-source voltage is
larger than the threshold voltage, the increasing

on-resistance of the MOS device dominates and effectively lim-
its thermal runaway. Destructive failure can result, however, if
the device is biased at a low gate-to-source voltage, such that
sensitivity to the decreasing threshold voltage overwhelms the
increasing channel resistance as temperature rises. You can use
basic Spice-model parameters to estimate the minimum gate
drive to prevent thermal instability and resultant damage to the
device.

MOSFETs IN THE SATURATION REGION
For a MOSFET in the saturation region,

where ID is drain current, � is electron mobility, VT is the thresh-
old voltage, VGS is the gate-to-source voltage, COX is the oxide
capacitance, W is the gate width, and L is the gate length. Elec-
tron mobility and threshold voltage are the significant tem-
perature-dependent terms.

The threshold of thermal stability occurs at the VGS�VT
value, where the rate of change of drain current with temper-
ature is zero:

Substituting for ID,

Recognizing that both ��/�T and �VT/�T are negative, Equa-
tion 2 shows that drain current increases or decreases with tem-
perature, depending on the magnitude of VGS�VT. Setting 

this rate of change to zero gives VGS�VT at the threshold of 
stability:

or

VGS�VT must be greater than the value in Equation 5 to
ensure thermal stability, ��ID/�T. Note that the rate of change
with temperature is proportional to ID, but the threshold of ther-
mal stability depends only on mobility and the temperature coef-
ficients of mobility and threshold voltage. You can derive the
mobility value for a typical MOS power device, the NTD60N02,
from the Spice-model-file parameter for K� on the manufac-
turer’s Web site: K����COX, and COX��OX/tOX. With
K��18.1 �A/V2 from the model file, permittivity that standard
texts define, and an oxide thickness of 400 angstroms, mobili-
ty is ��206(cm2/V�sec) for this process. Mobility varies with
temperature in a manner proportional to T�n, where n is typi-
cally about 1.5 (Reference 1). You determine an expression for
mobility as a function of temperature by setting 206�C�
T�1.5�C�300�1.5 at room temperature, where T�300K). This
calculation equates to a proportionality constant of C�(206/
300�1.5)�2.86�106. The rate of change of mobility with tem-
perature (Reference 2) for this case is then:

Typical values for threshold-voltage variation with tempera-
ture are in the range of (�VT/�T)��2[(mV)/�K]. Using these
values of mobility and temperature variation:

for a MOS device with the mobility [550(cm2/V�sec] operat-
ing in the saturated region. You can then add the Spice-model
value for VT to the above result to determine the minimum gate-
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to-source voltage necessary for thermal stability.

MOSFETs IN THE LINEAR REGION
You can apply the same analysis to the drain-current expres-

sion for a MOS device in the linear region of operation:

where the VDS
2 term is small enough for you to ignore in Equa-

tion 9:

Again, the drain-current rate of change with temperature
shows that drain current increases or decreases with tempera-
ture, depending on the magnitude of VGS�VT. Setting this rate
of change to zero yields Equation 10 or 11:

or

which differ from the expression for a device in saturation, equa-
tions 4 and 5, by a factor of two. Thus, for the same device-
channel mobility of 550(cm2/V�sec), the minimum gate drive
to maintain thermal stability in the linear region is half that in
saturation, or VGS�VT�0.4V.

You can find Spice models for many discrete power MOSFETs
on the manufacturers’ Web sites. These models are usually more
basic than the BSIM3 models designers commonly use for IC
simulation, so the U0 value for mobility may default to the value
of 600(cm2/V�sec), which Spice simulator references use (Ref-
erence 3).EDN
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ardware-design engineers have long recognized
the usefulness of RC lowpass filters (Figure 1).
Lowpass filters are useful for performing signal
conditioning, removing noise from a signal, or
rejecting unwanted signals. The first-order
recursive filter is the digital equivalent of the

RC filter, and, as the ratio of the sample frequency to the band-
width increases, their responses become identical.

All lowpass filters produce a weighted average of the current
input value and past inputs. A filter’s characteristics depend on
the weighting used for the past inputs. For example, a lowpass
filter (Figure 2) smoothes noisy input signals. One possibility
for weighting the past-input samples is to give them equal
weight. Although this approach produces a useful lowpass fil-
ter, it makes more intuitive sense to weigh newer samples more
heavily than older samples.

A designer can use recursion to implement a weighting func-
tion (Figure 3). This approach minimizes the processing impact
of the multiplications in this filter because the designer can
implement the multiplications as left or rights shifts in the soft-
ware. The designer feeds data samples with bit width B1 into
the filter at a fixed sample rate. Bit width B2 may be larger than
bit width B1. The summing block adds the input sample to the
last output sample, and the delay is a digital delay of one sam-
ple. The parameter k is a shift value that controls the filter band-

width. Mathematically, the
recursion in Figure 3 is:
y(n)�(1�2�k)�y(n�1)�x(n),
where x is the input, y is the out-
put, and n is the sample index.

As an example of filter oper-
ation, suppose that k�4 so
1�2�k �0.9375, the value at the
delay output is zero, and the fil-
ter input is a single sample of one
followed by all zeros. If you use
the summing block as the out-
put, the first output from the fil-
ter is one. When you feed this
output back to the summing
block, the multiplier scales it,
and it becomes 0.9375. The next

output is 0.93752 or 0.8789, and the nth output is 0.9375n. This
sequence is the impulse response of the filter, but it is also the
weighting function (Figure 4). Good stuff is going on here for
those who like math, but we’ll stick to the implementation.

SPECIFYING THE FILTER RESPONSE
A designer can specify the filter response in either the fre-

quency domain or the time domain. Which one to use depends
on the type of problem you are working on. If noise or unwant-
ed tones are the problems, then the frequency-domain specifi-
cation or bandwidth is appropriate. To reject impulse-noise hits,
or smooth measured data, the time-domain specification or rise
time may work better.

When working in the frequency domain, the designer specifies
the 3-dB frequency or bandwidth of the filter. At this frequency,
the amplitude of the output drops to 0.707 times the amplitude
that a dc signal causes (Figure 5a). You can estimate the atten-

BY BARRY L DORR • DORR ENGINEERING
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Figure 3 A designer can use recursion to implement a weighting
function.
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Figure 2 A filter’s characteristics depend on the weighting used
for the past inputs. For example, a filter smoothes noisy input 
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uation at higher frequencies because doubling the frequency
approximately halves the amplitude. Table 1, which is normal-
ized to a sample rate of 1 Hz, shows the normalized bandwidth
and rise time for several values of k. To get the actual bandwidth,
multiply the value in the table by the sampling frequency.

When working in the time domain, the designer specifies the
rise time of the output in response to a step input. Figure 5b
shows the filter output when the input changes from all zeros
to all ones, which causes the output to gradually move from zero
to one. The rise time is the time necessary for the filter output
to move from 10 to 90% of the final value. Table 1 specifies
the rise time in number of samples.

Before writing code to implement this filter, the designer must
specify the number of bits necessary for the summing block and
the delay. Because the filter is basically an averaging device, the
range of the summing-block output is larger than the range of
the input signal if there is to be no loss in precision. Fortunately,
it is easy to predict the growth in the output-register width
because the dc gain from the input to the summing-block out-
put is 2k, so bit width B2 from Figure 2 is k bits wider than bit
width B1. You can maintain a unity gain by multiplying the sum-
ming-block output by 2�k.

The fixed-point code in Listing 1 implements a filter for the
case of k�4. Using a power of two for k enables the use of right
shifts in the code to avoid the performance hit from the mul-
tiplier blocks. Using a 32-bit integer for the summing block and
delay accommodates the four bits of growth in the output reg-
ister. When using this code, make sure that your compiler sign
extends when right-shifting a signed number.

The first-order recursive filter, or “leaky integrator,” is a sim-
ple yet powerful filter that is a time-tested approach for many
filtering applications, and this implementation requires no mul-
tiply instructions. The steps to quickly and accurately imple-
ment this filter are to specify the filter using either the rise time
or the bandwidth, allocate k additional bits for the summing

block and delay to accommodate register growth, and imple-
ment the filter by substituting shifts instead of multiply instruc-
tions as the example code shows.EEDDNN
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TABLE 1 NORMALIZED BANDWIDTH AND 
RISE TIME FOR VARIOUS VALUES OF k
k Bandwidth (normalized to 1 Hz) Rise time (samples)
1 0.1197 Three
2 0.0466 Eight
3 0.0217 16
4 0.0104 34
5 0.0051 69
6 0.0026 140
7 0.0012 280
8 0.0007 561

Figure 5 At this frequency, the amplitude of the output drops to
0.707 times the amplitude that a dc signal causes (a). When the
input changes from all zeros to all ones, the output gradually
moves from zero to one (b).
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Figure 4 This sequence is the impulse response of the filter, but
it is also the weighting function; k�4, so 1�2�k�0.9375.
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#define FILTER_SHIFT 4           // Parameter K
#define sint32 (signed long)      // Specify 32-bit integer
#define sint16 (signed short)     // Specify 16-bit integer
 
sint32 filter_reg;                  // Delay element – 32 bits
sint16 filter_input;               // Filter input – 16 bits
sint16 filter_output;             // Filter output – 16 bits
 
// Update filter with current sample. 
filter_reg = filter_reg - (filter_reg >> FILTER_SHIFT) + filter_input;
 
// Scale output for unity gain. 
output = filter_reg >> FILTER_SHIFT;

LISTING 1 CODE FOR THE SIMPLE FILTER

(a)

(b)

edn060502ms4188.qxd  5/9/2006  3:45 PM  Page 78



Enter xx at www.edn.com/info

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

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

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

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

Maximum Range: Surface
mount and thru-hole

configurations with various profiles and multiple
stroke lengths.

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

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

Response Code: EDN560
Phone: 516-922-6000

Maximum Interconnect Solutions

®

571714_079.indd   1571714_079.indd   1 5/10/2006   3:40:55 PM5/10/2006   3:40:55 PM



Fastest Memory Interfaces:
75 ps adaptive calibration

Supporting 667 Mbps DDR2 SDRAM interfaces, Virtex-4 FPGAs achieve the highest 

bandwidth benchmark in the industry. Based on our unique ChipSync™ technology—

built into every I/O—the Virtex-4 family provides adaptive centering of the clock to the 

data valid window. By providing reliable data capture (critical to high-performance 

memory interfacing), and 75 ps resolution for maximum design margins, your memory 

design can now adapt to changing system conditions.

High Signal Integrity Means 
High-Bandwidth Memory Interfaces
Virtex-4 FPGAs deliver the industry’s best signal integrity for high-speed and wide 

data bus designs—7x less Simultaneous Switching Output (SSO) noise, a critical 

factor in ensuring reliable interfaces. And Xilinx provides hardware verified interface 

solutions for popular memories such as DDR2 SDRAM, QDR II SRAM, and more.

The lab results speak for themselves. As measured by industry expert Dr. Howard 

Johnson, no competing FPGA comes close to achieving the signal integrity of

Virtex-4 devices.

Visit www.xilinx.com/virtex4/memory today, and start your next memory interface 

design for Virtex-4 FPGAs with the easy-to-use Memory Interface Generator software.

The Programmable Logic CompanySM

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

Dr. Howard Johnson,

author of High-Speed Digital Design,

frequently conducts technical workshops for 

digital engineers at Oxford University and other 

sites worldwide. Visit www.sigcon.com to register. View The 
TechOnLine

Seminar Today

Dr. Howard Johnson

The world’s foremost 
authority on 
signal integrity

581202_080.indd   1581202_080.indd   1 5/11/2006   10:44:49 AM5/11/2006   10:44:49 AM



rom its early days, the semiconductor industry’s
mantra has been smaller, better, faster, and cheap-
er. Today’s handheld computing devices are more
powerful than the first computers, which required
separate buildings. Manufacturers have so far
achieved the simultaneous dramatic improvements

in cost, performance, and speed by reducing the size of the indi-
vidual transistors that make up semiconductor devices. This size
reduction has had an interesting consequence. As transistors
shrink, their operating voltage also shrinks. The most popular
power-supply voltage in embedded systems used to be 5V. Now,
though, most components in typical embedded systems are mov-
ing toward lower supply voltages to take advantage of the indus-
try’s newest trends. On the other hand, some system components
take longer than others to evolve. Therefore, during the transi-
tion to lower voltage, components of a system often require dif-
ferent supply voltages. This situation creates challenges for embed-
ded-system designers. One approach is to use level translators,
although they can be costly. This article discusses some low-cost
ways to interface a 3.3V microcontroller to a 5V peripheral.

If you are moving your 5V design to 3.3V, the first things to
look for are 3.3V versions of the 5V devices. In most cases, you’ll
find equivalent devices that operate from 3.3V. Usually, 3.3V
devices are available at the same—or lower—cost. If you can’t
find an alternative device that runs at 3.3V, you may need to
use two supply voltages. This article’s main focus is on designs
that use two supply-voltage rails (Figure 1).

When you bring together people from different parts of the
world, you need to ensure that they can communicate with each
other. The same is true when you bring together the 5 and 3V
worlds. You must first understand the logic-voltage levels and
input/output structure. For inputs, you need to consider high
and low input voltage. When you interface a 3.3V system with
a 5V device, high input voltage tends to be a bigger problem
than low input voltage. Still, you can’t ignore the low-input-
voltage spec. To ensure proper logic detection, the driving device
must produce an output voltage higher than the receiving
device’s minimum-high-input-voltage spec. However, voltages
that are too high aren’t good, either.

Almost all CMOS devices have some kind of ESD (electro-
static-discharge) protection on all I/O pins. The most common
implementation of this protection uses clamping diodes from the
I/O pins to VDD and VSS. Generally, this arrangement translates
into a maximum input-voltage spec of VDD�0.3V and a mini-
mum voltage spec of VSS�0.3V. If you exceed these specs, the
protection diodes may start conducting. If the input terminal has
no series resistor, the result can be very high current through
these diodes, potentially causing latch-up. You don’t want to cre-

BY GAURANG KAVAIYA • MICROCHIP TECHNOLOGY
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in systems using multiple
power-supply voltages
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15k
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Figure 2 A resistive divider brings a 5V signal in range for a 3.3V
input.

VIH(MIN)
VIH(MAX)

VOH(MIN)>VIH(MIN)
VOH(MAX)<VIH(MAX)

VOH(MIN)
VOH(MAX)

VDD VDD

VSS VSS
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VOH(MAX)

VIH(MIN)
VIH(MAX)

3.3V 5V

Figure 1 In a two-rail system, devices with different logic levels
must communicate.
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ate this condition. If the voltage is high enough—that is, a 5V
input in a 3.3V system—you need high series resistance to reduce
the clamp current to a safe value. Also, if the resistance is large
enough, the low pin and pc-board capacitances may be signifi-
cant. That is, the RC time constant can cause signal delay. Many
manufacturers recommend against the use of ESD-protection
diodes for signal clamping. Therefore, a series resistor isn’t the
best option for feeding a 5V signal to a 3.3V device.

If you look at the logic levels of standard CMOS devices, most
of them tend to have minimum high-input voltage of 0.7 or
0.8VDD. Maximum low-input voltage tends to be around 0.2 or
0.3VDD. For 5V logic, these levels translate into a high-input
voltage of 3.5 or 4V and a maximum low-input voltage of 1 or
1.5V. At lower load currents, most CMOS devices produce out-
put voltages close to the rail with a 0.1 or 0.2V drop. As the
load current increases, high output voltage tends to be lower.
In this scenario, you must consider the load current to deter-
mine the high output voltage.

RESISTIVE DIVIDER
Compared with a resistor in series with the input, a better

option is to use a resistive divider to reduce 5V signals to a range
suitable for 3.3V inputs (Figure 2). Select the resistor values
to account for all tolerances. The following formulas assist in
the calculation: With the 5V supply at its minimum value,
(R2/(R1�R2))�VOH(MIN)�VIH(MIN). With the 5V supply at its
maximum value, (R2/(R1�R2))�VOH(MAX)�VIH(MAX). You
should also consider resistor tolerances in these calculations.

TTL-INPUT DEVICES
A simpler approach is to use a 5V device with TTL inputs (Fig-

ure 3). The minimum high-input voltage for a TTL device is 2.1V
at drain-to-drain voltageof 5V. Most 3.3V devices can provide a
much higher high-output-voltage level, even at high load currents.
In this case, swap the peripheral for an equivalent device that has
TTL-compatible inputs. If you search carefully, you should be able
to find a similar device with TTL inputs. Table 1 lists some exam-
ples. If you are using a standard digital-logic family that must run
at 5V, you can find equivalent devices that have TTL inputs. For
example, instead of the 74HC family, you can use the 74HCT
family. If you need a level translator, use an HCT or a VHCT type
of digital buffer. In most situations, this TTL-input-buffer approach
is less expensive than the use of dedicated level translators.

DIODE CREATES 0.6V POSITIVE SHIFT
The output high-voltage level of a device operating at 3.3V

is slightly lower than the input high-voltage, 0.7V at 3.5V, of
a CMOS device operating at 5V. One simple way around this
problem is to use a diode to provide the required voltage shift.

The circuit in Figure 4 shifts the output by approximately
0.6V in the positive direction. Shifting this voltage by 0.6V
brings it in range for a 5V CMOS input. The same amount of
shift applies to the logic-low signal. Maximum low-voltage input

for the CMOS is approximately 1.5V, so the shifted signal does
not violate the input low-voltage spec. You need to consider a
few things regarding this configuration, though. When the 3.3V
device produces a logic-zero level, it increases the current the
device draws from the power supply. You should also look at the
3.3V device’s low-output-voltage spec at this current. Typical-
ly, the higher the sink current, the higher the input low volt-
age. In this case, you must take care to avoid violating the input-
low-voltage spec. If the CMOS low-output voltage is higher, you
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Figure 4 A diode and a resistor bring a 3.3V device output in
range for a 5V input.
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Figure 5 This simple interface works with 5V devices that have
CMOS inputs.
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Figure 3 A 5V CMOS device can directly drive TTL inputs.

TABLE 1 DEVICES WITH CMOS INPUTS AND TTL-INPUT-EQUIVALENT DEVICES
Function Device with CMOS input Device with TTL input
16�2-character alphanumeric LCD Many variants Devices such as LCM-S01602DTR/M
MOSFET driver LM5100 LM5101
Vacuum-fluorescent-display driver Many variants Devices such as MM58342
CAN (controller-area-network) transceiver PCA82C50 MCP2551
LIN (local-interconnect-network) transceiver NCV7380 MCP201
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should consider increasing the pullup-resistor value. If the resis-
tor value is too high, the diode bias current will be too low, and
the diode may switch too slowly.

5V-TOLERANT INPUTS
Devices such as Microchip Technology’s (www.microchip.

com) new PIC24 family of 16-bit microcontrollers offer a unique
feature to simplify the 5V interface. The devices offer 5V- or
5.5V-tolerant inputs, even when the device operates from a
drain-to-drain voltage of 3.3V or less (Figure 5). These devices
do not use clamp diodes that connect to the drain-to-drain volt-
age; they use a different mechanism to provide ESD protection.
This feature is important for the 5V interface because it allows
you to directly connect a 5V output to a 3.3V device without
a resistor divider. If you revisit the example of Figure 3, you will
see that this feature allows for a seamless 5V interface.

Some microcontrollers further enhance this feature by pro-
viding the option of generating a 5V output with an external
5V pullup resistor. The 3.3V device drives a 3.3V output, but
it can tolerate a 5V input. The digitally controlled open-drain-
output capability on these pins allows you to pull this pin to 5V
without violating any specs. This feature supports a simple inter-
face to 5V devices with CMOS inputs (Figure 6).

CAPACITANCE CAN LIMIT SPEED
When you use a pullup-resistor configuration, you must con-

sider the maximum switching frequency and the capacitance

of the connection between the two devices. Doing so helps
determine the rise and fall rate of the signal on this port pin
and the resistor value that is appropriate for the application.
Consider the following equation:

where � is the RC time constant, R�C, PVDD is the supply volt-
age of the peripheral, and PVIH(MIN) is the peripheral’s minimum
input high voltage. If you use a 1-k� pullup resistor, a 10-pF
parasitic capacitance for the pin and pc board, the 5V supply
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Figure 6 A pullup resistor on an open-drain output generates a
5V signal.
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voltage of the peripheral,
and a 3.5V minimum input
high voltage for the periph-
eral, the resulting rise and
fall time will be approxi-
mately 12 nsec. If the mini-
mum acceptable pulse width
for this rise and fall time is
50 nsec, the maximum out-
put frequency is 20 MHz,
which is fast enough for most
peripheral interactions.

This configuration has a
side effect: When the microcontroller drives the logic low,
the extra current flows through a pullup resistor. The pullup
resistor trades off speed for power-supply current. You need
to select a compromise value for your application that pro-
vides the required speed and current consumption for the
application.

Some may say that you can’t use this kind of configuration
to drive a low-impedance load. If you want to drive a 5V relay,
what should you do? Fortunately, the previously described
configuration is also helpful for driving low-impedance loads,
such as relays. Figure 7 shows the circuit-configuration infor-
mation. To drive the load, define the pin as an output and
drive it low. The only limiting factor is the device’s current-
sinking capability. To turn off the load, define the pin as an
input, which turns off the load and applies 5V to the input.

The pin tolerates 5V, so this
operation is valid. In other
words, you need to main-
tain a logic low on the out-
put latch and toggle the
input/output control regis-
ter to turn the load on and
off.

You now have an effec-
tive way to bridge 5 and
3.3V power-supply rails.
You can devise similar low-
cost, intelligent approaches

for bridging other supply-voltage combinations during the
transition to new, lower voltages. It is likely that most devices
will soon move to lower voltages, eliminating the need for
bridging. In the meantime, however, these methods should
help you to lower your system costs by taking advantage of the
newest semiconductor-industry trends.EDN
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Figure 7 This circuit configuration drives low-impedance loads.
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devices have fixed frequency operation that is user programmable up to 3.5MHz and provide small solution footprints with
low profiles. Emerging applications for these drivers include LCD backlighting, automotive and industrial lighting.

Part
Number
LT®3474

LT3477

LT3479

LT3486

LTC3783

Package

TSSOP-16E
TSSOP-20E,

QFN-20
TSSOP-16E,

DFN-14
TSSOP-16E,

DFN-16
TSSOP-16E,

DFN-16

VIN Range

4V to 36V

2.5V to 25V

2.5V to 24V

2.5V to 24V

3V to 36V

Max.
ILED

1A

1.5A

1.5A

0.35A x 2

>1.5A
Controller

Topology

Buck
Boost/Buck/
Buck-Boost

Boost

Boost

Boost/Buck/
Buck-Boost

Info & Free SamplesSelected High Power LED Drivers

www.linear.com/highpwrleds
Literature: 1-800-4-LINEAR
Support: 408-432-1900
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Tiny Clock
Optimized for Switchers

Next Generation Oscillator Provides Direct Control Over Spread Spectrum Modulation

2MHz Switcher with and
without SSFM

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

www.linear.com/6908
Literature: 1-800-4-LINEAR
Support: 408-432-1900

9kHz
Res BW

5d
B/

DI
V

Frequency
(Fundamental and Third Harmonic Shown)

0 2 4 6 8

The LTC®6908 is a tiny silicon oscillator for synchronizing multiple switching regulators. As power densities increase, so do the
challenges for electromagnetic compatibility (EMC). Using a single three-state input, you have direct control over the rate of spread
spectrum frequency modulation (SSFM) and the ability to optimize EMC performance. This clock requires only a single resistor to
set the frequency of the two phase-shifted outputs—perfect for synchronizing single or dual switching regulators.

Info & Free SamplesFeatures

• LTC6908-1: 0°/180° Outputs

• LTC6908-2: 0°/90° Outputs

• 50kHz to 10MHz Frequency Range

• Optional ±10% Frequency Spreading

• -40°C to 125°C Temperature Range

• Fast Start-Up Time: 260µS @ 1MHz

• Outputs Muted Until Stable

• 2.7V to 5.5V Operation

ThinSOTTM

2.8mm x 2.9mm

DFN

2mm x 3mm
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You use a JFET’s self-biasing
characteristics to build a dc/dc

converter that operates from power
sources such as solar cells, thermopiles,
and single-stage fuel cells, all of which
deliver less than 600 mV and some-
times as little as 300 mV. Figure 1
shows the drain-to-source characteris-
tics of an N-channel JFET under zero-
bias conditions, which you can produce
by connecting its gate and source
together. Applying 100 mV causes a
current of 10 mA to flow through the
device, increasing to 30 mA at 350 mV.
Exploiting the JFET’s ability to conduct
significant current at zero bias makes it
possible to design a self-starting, low-
input-voltage converter.

The circuit can supply 5V at currents

as large as 2 mA—enough to serve
many micropowered applications or to
provide auxiliary bias for a higher power
switched-mode voltage regulator. At
300-mV input, the circuit starts up at
load currents of 300 �A. A load current
of 2 mA requires an input of 475 mV.

In Figure 2, Q1, a parallel-connect-
ed pair of Philips Semiconductor’s
(www.semiconductors.philips.com)
BF862 JFETs, and Coiltronics’ (www.
coiltronics.com) Versa-Pac trans-
former, T1, form an oscillator in which
T1’s secondary winding provides feed-
back to Q1’s gate. When you first apply
power, Q1’s gate rests at 0V, and drain
current flows through T1’s primary
winding. T1’s phase-inverted secondary
winding responds by delivering a neg-

ative voltage to Q1’s gate, which turns
off Q1 and interrupts current flow
through T1’s primary winding. In turn,
T1’s secondary voltage collapses, and
sustained oscillations begin. Although
the BF862’s published specifications do
not cover the device’s internal geome-
try, the device has a low on-resistance
and maintains a low gate-turn-on
threshold voltage. Using a pair of par-
allel-connected JFETs for Q1 ensures
the low saturation voltage for operation
at low power-supply voltages.

Rectifying and filtering the positive-
going flyback-voltage impulses on Q1’s
drain produce a dc voltage across capac-
itor C1. To assist the circuit’s start-up,
a P-channel MOSFET, Q2, which
requires a gate-to-source voltage of
approximately 2V for conduction, ini-
tially isolates the output load from the
rectifier. When Q2 conducts, the out-
put voltage increases toward 5V. Com-
parator IC1, a Linear Technology (www.
linear.com) LTC-1440, draws power
from Q2’s source and imposes output-
voltage regulation by comparing its
internal voltage reference with a sam-
ple of the output voltage. The output

READERS SOLVE DESIGN PROBLEMS

EDITED BY BRAD THOMPSON 
AND FRAN GRANVILLE
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JFET-based dc/dc converter 
operates from 300-mV supply
Jim Williams, Linear Technology Corp, Milpitas, CA

D Is Inside

94 Configurable logic gates’
Schmitt inputs make 
versatile monostables

98 Stealth-mode LED 
controls itself

100 Data-acquisition system cap-
tures 16-bit voltage measurements
using the USB

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

Figure 1 At 100 mV between drain and source (horizontal axis), the drain
current reaches 10 mA (vertical axis) and increases to 30 mA at 300 mV.

�
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Figure 2 A pair of parallel-connected JFETs allows this dc/dc converter to operate from power sources that supply as little
as 300 mV.

from IC1 varies Q1’s on-time through
Q3 to close the control loop and main-
tain output-voltage regulation. Figure
3 shows the ripple voltage present at
the power supply’s output. When the
output voltage decays, comparator IC1
switches (Trace B, middle) and allows
Q1 to oscillate. The resulting flyback
events at Q1’s drain (Trace C, bottom)
restore the output voltage.

Using Q3 as a simple but effective
shunt control for Q1’s gate voltage
results in a 25-mA quiescent-current
drain from the power source. A modi-
fication reduces the quiescent drain to
1 mA (Figure 4). Inserting switch Q4
in series with T1’s secondary winding
more efficiently controls Q1’s gate.
Bootstrapping the voltage across T1’s
secondary winding produces negative-
turn-off-bias voltage for Q4. Figure 5
illustrates how to connect T1’s wind-

_

+

+
+

NOTES:
1. USE �1%-TOLERANCE METAL-FILM RESISTORS FOR R1 AND R2.
2. CONNECT T1 AS SHOWN IN FIGURE 5.
3. Q1 COMPRISES PHILIPS BF862 JFETs CONNECTED IN PARALLEL.

IC1
LTC1440

C4
0.001

C1
6.8 �F

R3
100 R2

1.21M

R1
3.83M

C3
0.01 �F

C2
100 �F

VN2222L

TP0610LQ1

T1

G
G

S

S

D

D

G

S

D

D1
1N5817

D2
BAT-85

7

7

6

6

3

3

4

5

5

8

1.18V
REFERENCE

OUT

0.3 TO
1.6VIN

5 VOUT,
2 mA MAXIMUM 

PRIMARY

SECONDARY
Q2

Q3

Figure 3 The dc output (Trace A), comparator IC1’s output, and the voltage
at Q1’s drain (Trace C) have a horizontal-deflection factor of 5 msec.
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NEW INTEGRATED VIDEO FILTER
AMPLIFIERS SAVE SPACE,

REDUCE POWER
DirectDriveTM Eliminates Bulky DC-Blocking Output Capacitors

Part Input
Coupling

Output
Coupling

Analog
Switch

Gain
(dB)

Supply
Voltage (V)

Shutdown
Current (nA) Package

MAX9503G/M DC DC No 6/12 2.7 to 3.6 10 16-QSOP/16-TQFN (3mm x 3mm)
MAX9505 DC DC Yes 6 2.7 to 3.6 10 16-QSOP/16-TQFN (3mm x 3mm)

Save Space
♦ Internally Generated, Negative Supply Voltage

Sets the Output Black Level at Ground—
Eliminates Large DC-Blocking Capacitors

♦ Integrated Video Reconstruction Filter
♦ Available in 16-Pin QSOP and TQFN Packages—

20% Smaller Than Other Solutions

Reduce Power
♦ Low 10.7mA Quiescent Supply Current
♦ 10nA Shutdown Current
High Level of Integration
♦ Integrated Analog Switch (MAX9505)

Supports Audio Input and Video
Input/Output

FOUR-POLE JACK
VIDEO
DAC

VIDEO DAC

RIGHT HEADPHONE DRIVER

LEFT HEADPHONE DRIVER

MIC PREAMP

VIDEO OUT/MIC IN

SHDN

SHDN

6dB

SYNC-TIP FROM
CURRENT-OUTPUT DAC

IS ABOVE GROUND.

MAXIM’s DirectDrive
 TECHNOLOGY PLACES THE
 BLACK LEVEL AT GROUND.

IDEAL FOR
• VIDEO-ENABLED CELL PHONES
• DIGITAL STILL CAMERAS
• DIGITAL VIDEO CAMERAS
• PORTABLE VIDEO/MEDIA PLAYERS
• PORTABLE DVD PLAYERS

NEGATIVE SUPPLY IS
 INTERNALLY GENERATED.

6dB

0

LOWPASS 
FILTER

0
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ings. When Q4 switches off, it inter-
rupts the current flowing in T1’s sec-
ondary winding and drives T1’s Pin 5
positive. Without diodes D4 and D5, the

peak voltage would approach 15V and
reverse-bias Q4, an undesirable condi-
tion. Under normal operating condi-
tions, excursions of approximately

0.8V appear at Pin 5, necessitating the
use of two series-connected diodes to
clamp the voltage at a safe level. Zener
diode D3 holds off bias-supply loading
to aid start-up during initial power
application.EDN

TO R3

TO VIN

T1

TO Q1 
DRAINS

TO Q1 
GATES

5

2

3

6

4

1
12

9
11

8
10

7

SECONDARYPRIMARY

Figure 5 Comprising six independ-
ent windings that offer more than
500 configurations, Coiltronics’
VP1-1400 serves as a combination
feedback and flyback transformer in
this application. Connect the wind-
ings as shown.

R2
1.21M

1% METAL
FILM

R5
470k

R1
3.83M

1% METAL
FILM

R4
1M

0.3 TO
1.6VIN 

Q2
TP0610L

Q1
BF862

D1
1N5817

Q4
BF862

C3
0.01 �F

C2
100 �F

D

G

S

C1
6.8 �F

C5
10 �F

C4
1 �F

1N751
5.1V

5VOUT, 2 mA 
MAXIMUM

�

�

IC1
LTC1440

3

4

6
5

1

8

NOTES: 
1. USE �1%-TOLERANCE METAL-FILM RESISTORS FOR R1 AND R2.
2. CONNECT T1 AS SHOWN IN FIGURE 5.
3. Q1 COMPRISES PHILIPS BF862 JFETs CONNECTED IN PARALLEL.
4. T1 = COILTRONICS VP1-1400.

7Q3
TP0610L

D2

D3
1N4148

D

5

7

3

6

S

G

D4
1N4148

D6
1N4148

D5
1N4148

1.18V REFERENCE
OUTPUT

��12V

T1

R3
51

D

DS

S

G

G

+

+

+

+

Figure 4 Adding Q3, Q4, and the bootstrapped negative-bias generator compris-
ing D2, D3, and C4 reduces the circuit’s quiescent current from 25 mA to 1 mA.

You can assemble a pulse-gener-
ation circuit from a simple

Schmitt-input AND gate plus a resis-
tor-capacitor timing network. Howev-
er, if you need a logic function that’s not
a standard catalog item, you need a
Schmitt-input gate or inverter and an
additional logic gate. Drawing from an
earlier Design Idea (Reference 1) and
a recent design requirement for adding
pulse-generation functions to a crowd-
ed pc board, I searched Fairchild Semi-
conductor’s Web site (www.fairchild
semi.com) for small-footprint Schmitt-

input logic gates and found only “old
faithfuls”—familiar Schmitt-input
AND gates and Schmitt buffers.

Disappointed, I investigated other
logic offerings from Fairchild and stum-
bled across a section of the Web site
that describes “configurable logic
gates.” Lo and behold, I suddenly real-
ized I was looking at the solution to my
problem. The NC7SZ57 and NC7SZ-
58 (Reference 2) comprise tiny, six-pin
surface-mount packages that you can
configure as inverters or as AND, OR,
or XOR gates, all of which allow the

inversion of one input. These devices
feature inverted outputs, overvoltage-
input tolerance, and high current drive.

Every input has hysteresis, making
these devices ideal for timed pulse gen-
eration. A design that combines digi-
tal logic with analog interfaces often
requires timed pulses and delays, along
with pulse shorteners and stretchers.
For applications in which exact pulse
times are not critical, the added feature
of Schmitt inputs allows the delay of
one input using an RC (resistance-
capacitance) timing network. When
the slowly changing RC circuit’s output
crosses the analog-level upper- or lower-
trip-point thresholds, the Schmitt fea-
ture converts the slowly rising and
falling voltages to fast digital edges.

Texas Instruments (www.ti.com)

Configurable logic gates’ Schmitt
inputs make versatile monostables

�

Glenn Chenier, Allen, TX
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65V INPUT, LOW-QUIESCENT-CURRENT
LINEAR REGULATORS NOW IN TINY 

TQFN PACKAGES
16-Pin TQFN Package Is 45% Smaller than Competitor’s SOT223 and

60% Smaller than Competitor’s DPAK

Part VIN Range
(V)

Operating Temp
Range (°C)

IOUT
(mA)

VOUT
(V)

Package
(mm x mm)

Dissipation
(W at +70°C)

MAX5086
+6.5 to +65 -40 to +125

250
Fixed +3.3, +5,

or adj +2.5 to +11

16-TQFN-EP (5 x 5)
or

56-TQFN-EP (7 x 7)

2.7
or
3.8MAX5087 400

VIN OUTSENSE

ON
OFF

OUT

250mA (MAX5086)
400mA (MAX5087)

REMOTE LOAD
SENSING

IN

IGNITION
SWITCH

EN

CT
ADJ

RESET

RESET
GND

MAX5086
MAX5087

VCC

RESET

µP

HIGH INTEGRATION
♦OUTSENSE Pin Allows Remote 

Power Supply to Maintain Precise 
Regulation at Load 

♦µP RESET Pin with Programmable 
Timeout Period

LOW QUIESCENT CURRENT 
IMPROVES BATTERY LIFE

♦Only 70µA, No-Load Ground Current 
♦ 11µA Shutdown Current

HIGH VOLTAGE
♦ +6.5V to +65V Input 
♦Withstands 70V Automotive

Load Dump

LESS DERATING REQUIRED FOR OPTIMAL DESIGN

56
-TQFN-EP

7m m x 7 mm

16
-TQFN-EP

5m m x 5 mm

www.maxim-ic.com
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offers functional equivalents—the SN-
74LVC1G57 and SN74LVC1G58
(Reference 3). Both companies’ de-
vices offer upper- and lower-trip-point-
voltage thresholds averaging 37 and
63%, respectively, of VCC, or approxi-
mately one RC time constant on the
rising or the falling edges. According to
the published data sheets from the
manufacturers’ Web sites, Texas In-
struments’ versions impose somewhat
tighter tolerances on the analog
threshold levels and thus deliver
tighter timing tolerances than do the
Fairchild parts.

For digital-analysis purposes, any
voltage below the upper trip point for
a rising edge effectively represents a
logic zero, and any voltage above the
lower trip point for a falling edge rep-
resents a logic one. These conditions
are true only after the input crosses a
respective trip point, such as a rising
edge that approaches but never crosses
the upper trip point. This voltage
remains a logic zero, even if the volt-
age then drops back to ground poten-
tial on its falling edge.

Figure 1a shows some typical circuit
implementations. Note that these cir-
cuits lack some of the niceties of gen-
uine monostables. For example, a cir-
cuit doesn’t retrigger until after its RC
network has stabilized or about five
time constants have elapsed. The RC
time constant must be five times short-
er than the time between triggering
events. Devices from the SN74LVC-
1G57 family produce the waveforms in
Figure 1b, and circuits using the SN-
74LVC1G58-family devices produce
the inverse of these waveforms. The
circuits’ operation is straightforward.
The RC circuits delay one input, so
that the inputs momentarily rest at
opposite states. When one RC time
constant elapses, the delayed voltage
crosses the Schmitt upper- or lower-
trip-point thresholds, and the delayed
input catches up to the straight-
through input.

Of unusual interest and unlike the
usual variety of monostable that trig-
gers only from a voltage transition in
one direction, the XOR implementa-
tion functions as a monostable trig-

gered by both the rising and the
falling edges, enabling it to function
as a frequency doubler for generating
strobe pulses on rising and falling
clock edges. You can make any invert-
ing-gate configuration into an oscil-
lator by feeding back its inverted out-
put to an RC-delayed Schmitt input
and enabling the gate’s remaining
input. However, once the XOR oscil-
lator’s remaining gate switches off the
oscillation, the gate’s output state
hangs at either a one or a zero to pro-
duce a truly random state derived
from the oscillation’s nonsynchronous
relationship to the timing of the dis-
abling input.EDN

R E F E R E N C E S
Roche, Stephan, “Add a Schmitt-

trigger function to CPLDs, FPGAs,
and applications,” EDN, Oct 13,
2005, pg 104, www.edn.com/
article/CA6262539.

“NC7SZ57/NC7SZ58, TinyLogic
UHS Universal Configurable 2-Input
Logic Gates,” Fairchild Semiconduc-
tor, April 2000, www.fairchildsemi
conductor.com/ds/NC/NC7SZ57
pdf.

“SN74LVC1G57 Configurable
Multiple-Function Gate,” Texas Instru-
ments, November 2002, http://
focus.ti.com/lit/ds/symlink/
sn74lvc1g57.pdf.

designideas

Figure 1 One gate plus an RC network (a) can deliver a range of useful
timed outputs (b).
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PUSHBUTTON AUDIO PROCESSOR WITH
SUBWOOFER OUTPUT AND AMBIENCE

CONTROL ELIMINATES MICROCONTROLLER
The MAX5406 provides a complete audio-processing solution without the need for a microcontroller (µC).
The debounced pushbutton interface controls volume, balance, and tone. The MAX5406 operates with
momentary contact switches for docking-station and desktop-speaker applications. 
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SmartWiper is a trademark of Maxim Integrated Products, Inc. 

♦ Ambience Control Enhances Separation
of Left and Right Outputs

♦ Pseudostereo Feature Approximates Stereo 
Sound for Monophonic Signals

♦ SmartWiper™ Circuitry Automatically Controls
Rate of Wiper Advance

♦ 32-Tap Volume Control in 2dB Steps 
♦ 0 to +2.7V, 0 to +5.5V, or ±2.7V Operating Voltage

♦ Clickless Switching and Power-Up
♦ Mute < -90dB, Channel Isolation > -70dB (typ)
♦ Differential Inputs Accept Unipolar or Bipolar Signals
♦ Shutdown Stores Last Wiper Settings, Reduces Supply

Current to 0.5µA (typ)
♦ THD < 0.05% (max), Output Noise < 35µVRMS (max)
♦ Passive-Filtered Analog Inputs Reject RF Noise
♦ µP-Compatible Interface
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Since the LED’s invention more
than 30 years ago, its emission

efficiency has steadily increased, and,
although it may surprise you, the
increased conversion efficiency works
in two directions. Certain bright, effi-
cient LEDs, such as Hewlett-Packard’s
(www.hp.com) HLMP-EG30-NR000,
a red emitter molded in clear encapsu-
lation, also exhibit significant photo-
voltaic action. The circuit in Figure 1
shows how you can put an LED’s pho-
tovoltaic characteristics to work.
Using the same components, older, red
LEDs also function but with lower light
output in this circuit. This Design Idea
circuit describes an LED that controls
itself by determining whether it’s on or
off without the assistance of any light
sensor other than its own characteris-
tics. When you darken the LED, it
turns on, and, when you illuminate it,

it turns off. The circuit’s main compo-
nents comprise LED D1, micropower
operational amplifier IC1, one-shot
IC2A, and transistor switch Q1 to con-
trol current through the LED.

When dark, the LED produces no
photovoltaic current. When moderate
lighting, such as that in an office or a
lab, illuminates it, it generates 50 to
100 mV into a 4.7-M� load resistor.
Comparator op amp IC1 compares the
voltage that the LED produces with a
threshold reference voltage of approx-
imately 50 mV. You can vary the cir-
cuit’s sensitivity threshold by altering
the values of resistors R1 and R2 in the
voltage divider that connects to IC1’s
Pin 2.

When ambient light decreases, the
LED produces less voltage, and, when
the voltage falls below the 50-mV
threshold, the op amp’s output goes low

and triggers one-shot IC2A. The one-
shot turns on transistor Q1 for an inter-
val, lighting the LED for approximate-
ly 3 msec until the one-shot’s output
goes low. In a darkened room, the cycle
repeats at a 200-Hz rate, and the LED
blinks repeatedly with short off periods.
At high flash rates, the LED appears to
be continuously on.

The circuit’s current drain in the day-
light state mainly comprises the current
driving the reference-bias network:
3.6V/162 k��22 �A. In both day and
night modes, with the LED drawing a
few milliamperes when illuminated, a
battery that can deliver 1 Ahr would
power the circuit for a couple of
months. You can reduce the current by
increasing the values of R1 and R2.
Given the circuit’s low and intermit-
tent current drain in a well-lighted
environment, a 1-Ahr lithium cell’s
service life should approach its shelf
life.EDN

Stealth-mode LED controls itself

designideas

�

Howard Myers, Greensboro, NC

Figure 1 An efficient LED forms the heart of a light-sensitive “mystery lamp” that contains no apparent photodetector.
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Product Specifi cations D1U-W-1200-12 D1U-W-1600-12

Total Output Power (W) 1200W/900W 1600W/1200W

Output
Voltage

Vdc1 12 12

Vdc2 3.3 or 5 3.3 or 5

Rated Output 
Current

Iout-1 (A) 98/73 131/98

Iout-2 (A) 6/4 6/4

Input Voltage Range (VAC) 90-264 90-264

Isolation Voltage
Pri-Sec 3000Vrms 3000Vrms

Pri-Chassis 1500Vrms 1500Vrms

PFC Yes Yes

Current Share Active Active

Effi ciency 92% 92%

Features

HotPlug Yes Yes

I2C Yes Yes

EMI Class Class A Class A

Airfl ow Direction Back or Front Back-Front

Input Connector IEC 320 C15 IEC 320 C20

Output Connector
FCI PowerBlade
#51732-021

FCI PowerBlade
#51732-021

Dimensions
(WxLxH)

Inches 4.75 x 12 x 1.6 4.75 x 12 x 1.6

mm 120,6 x 305 x 40,7 120,6 x 305 x 40,7

Datasheet Name D1U-W-1200-12 D1U-W-1600-12

Better technology = more effi ciency
The new D1U-W-1600-12-HC has been designed using the latest 
technologies to be the most effi cient 1600W power supply available. 
Created to service new generation blade servers, it achieves its slim 
(1U) proportions with a multi-phase interleaved boost PFC, planar 
transformer and choke, and multi-layer PCBs to replace cabling. 

More effi ciency = less cost
While our competitors’ typical effi ciency is around 85%, the D1U 
achieves an astonishing 90.6% at full load, bringing huge savings for 
large installations. For example, in a server farm using 1,000 x 1600W 
power supplies, an increase in effi ciency from 85% to 90.6% could 
equate to an annual power saving of around 1 million kWh.

Request your data book now...
To request a product databook please go to 
www.cd4power.com or call your local sales offi ce.

C&D Technologies, Inc.,  11 Cabot Boulevard, Mansfield, MA 02048-1151
(800) 233-2765   Fax: (508) 339-6356   Email: sales@cdtechno.com   ISO 9001

www.cd4power.com . . . P O W E R I N G  I N N O V A T I O N

•  D C / D C  C O N V E R T E R S   •  P O W E R  S U P P L I E S   •  M A G N E T I C S   •  D I G I T A L  P A N E L  M E T E R S  •  D A T A  A C Q U I S I T I O N  •

A power supply that
can pay for itself?
Higher power density and 
better effi ciency equals lower 
energy consumption... 
...and less cost

90.6% Effi ciency

587205_099.indd   1587205_099.indd   1 5/8/2006   12:39:56 PM5/8/2006   12:39:56 PM



The USB has become the inter-
face of choice for connecting to

PCs. Available on all relatively modern
PCs, the USB offers a standard con-
nector and can supply power to periph-
erals at 5V and as much as 100 mA of
current. The circuit in Figure 1 com-
bines Maxim’s (www.maxim-ic.com)
MAX1168, a low-power, 16-bit ADC,
with a small USB-interface module to

make a simple, eight-channel, 16-bit
measurement system. The MAX1168
includes eight input channels, an SPI
(serial-peripheral-interface) port, a
4.096V reference, and a clock oscillator.
The MAX1168 operates from a 5V sup-
ply and can convert individual channels,
execute multiple conversions on one
channel, or scan the channels sequen-
tially and store measured data on-chip.

Based on a Cypress (www.cypress.
com) CY7C63743 controller, USBmi-
cro’s (www.usbmicro.com) U421 USB-
interface module provides as many as 16
I/O lines and an option to use some of
those lines as an SPI port at selectable
clock rates of 62.5 kHz, 500 kHz, 1 MHz,
or 2 MHz. Firmware on the U421 allows
generic access to SPI read-and-write
devices, and the device’s general-purpose
I/O lines can serve as slave-select lines
for addressing multiple SPI devices. One
I/O line controls the MAX1168’s chip-
select input. When you use it with an

designideas

Figure 1 This simple data-acquisition system provides eight channels of 16-bit data to a host computer through a USB
interface.
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Data-acquisition system captures 16-bit
voltage measurements using the USB

�

Terry Millward, Maxim Integrated Products Inc, Blonay, Switzerland
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Product details: www.silabs.com/VCXO

Unmatched Performance

Highest Reliability

Shortest Lead Times

Standard Pinouts

5 mm

7 mm

Actual Size

Multi-Frequency, Low Jitter Oscillators 
The Si530 and Si550 families of XOs and VCXOs are a new class of oscillators 

that support multi-frequency operation between 10 MHz and 1.4 GHz while delivering

ultra-low jitter (<0.5 ps RMS typical OC-192). With patented DSPLL® technology, 

Silicon Labs is able to move frequency control and tuning from a complex resonator to a

single CMOS IC. These devices eliminate long, unpredictable lead times typically

associated with high-frequency, low-jitter oscillators and offer total frequency stability over

time and temperature that is more than five times better than competing SAW devices.

Stability                               Output    Package   Supply Part Number      Type                   Frequency Range                        
(ppm)                                Formats       Size     Voltage

Si530 XO
±20

±50
10 MHz�1.4 GHz

LVPECL
LVDS
CML

CMOS

5x7mm
3.3 V
2.5 V
1.8 V

Si530 Dual XO

Si534 Quad XO

Si550 VCXO ±20

±50

±100

10 MHz�1.4 GHz

LVPECL
LVDS
CML

CMOS

5x7mm
3.3 V
2.5 V
1.8 V

Si552 Dual VCXO

Si554 Quad VCXO

MCUs TIMING POWER BROADCAST WIRELINE WIRELESS

577661_101.indd   1577661_101.indd   1 5/11/2006   10:48:29 AM5/11/2006   10:48:29 AM
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HID (human-interface de-
vice), the U421 USB con-
troller can transfer data at rates
as high as 800 bytes/sec. With
additional filtering to reduce
noise, the USB port provides
5V power to the circuit.

The MAX1168’s sample-
and-hold circuit must acquire
the input voltage and charge
its 45-pF holding capacitor in
3 �sec and thus requires a fast
amplifier to minimize acquisi-
tion errors. Available in dual
and quad versions, the MAX-
4230 provides a 10-MHz
bandwidth, 2V/�sec slew rate,
rail-to-rail inputs and outputs,
and the ability to operate from
a 5V rail or from voltages as
low as 2.7V. The MAX4230’s
bias current—typically, 50 pA—allows
significant input impedance without
affecting accuracy.

To provide protection from over-
voltages and apply input-voltage scal-

ing, each buffer amplifier’s input in-
cludes a 100-k� precision-matched
resistive divider. This application uses
Maxim’s MAX5490VA10000 10-to-1
dividers, which provide a scaling factor

of 1/11, to allow maximum read-
able inputs of 45V at resolu-
tions of 687.5 �V.

Written in Microsoft’s Visu-
al Basic.Net, Standard Edition,
the evaluation software pro-
vides commands to the U421
through the USBm.dll DLL
(dynamic-linking-library) file.
The demo program sets the
MAX1168 to scan all eight
channels and display the
results. When you run the pro-
gram, the Visual Basic form
allows you to set the reference
voltage to allow for the input
divider, select the scan time,
and enable any of the eight
input channels for screen dis-
play (Figure 2). You can down-
load the evaluation software at

www.maxim-ic.com/MAX=1168DI.EDN

AC K N OW L E D G M E N T
Thanks to Robert Severson of USBmicro
for his help with the interface.

designideas

Figure 2 User-interface software for the data-acquisi-
tion system allows selection of operating parameters.
In this image, the lower three channels are unselected
and hence are not visible in the display.

102  EDN |  MAY 25, 2006

Ultra-Precision Measurement Solutions 
AS8500/AS8501 high precision data 
acquisition front-ends for mV range

Best-in-class accuracy

Offset free

Below 1µV noise

16-bit resolution, 16kHz sampling

4 input channels, fast channel switching feature

Visit us at
www.austriamicrosystems.com

Battery Management 

Temperature Sensing 

High Precision 
Measurement 

West Coast (408) 345-1790  East Coast (919) 676-5292
www.austriamicrosystems.com

Send us your application idea

and win up to $ 9,000 !

More details at

http://www.austriamicrosystems.com

AS8500/AS8501

application contest
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Stabistors Rectifiers Thyristors

Small Signal
Transistors

Bipolar Power
Transistors

TLMs

MDMs

Transient Voltage
Suppressors

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

w w w . c e n t r a l s e m i . c o m

Energy Efficient
Devices

Outstanding Performance

Central’s New Series: 
Low Voltage Zener Diodes

The Central CMXSTB series of multi-chip stabistors are very low 
voltage zener diodes with an extremely 
stable forward voltage over a wide 
current and temperature range.
Manufactured in a space saving SOT-26.

Typical Applications
Low-voltage stabilization: 

Central’s New Multi Chip Stabistor Diode
Voltage vs. Current

Voltage vs. Temperature

• Bias stabilizer in class-B output stages 
• Clipping

• Clamping
• Meter protection.

Need Samples?

Visit: www.centralsemi.com/stabistors

CMXSTB200

1.2V

CMXSTB300

1.5V

CMXSTB400

2.5V
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Debug faster and easier than ever before with Wave InspectorTM in the new DPO4000
Series oscilloscopes. Now you can zoom, pan, play, pause, set, and clear waveform

marks and even search for user-defined events using simple, dedicated front-panel

controls. Combine that with integrated serial triggering and packet-level decoding on I2C,

SPI, and CAN buses, and you’ve got a serious breakthrough in the complicated task of

embedded systems debug. All in a deceptively small box that delivers outstanding

performance. Start solving.

You’ve never seen anything like it. See for yourself. 
www.tektronix.com/newdpo4000

© 2006 Tektronix, Inc. All rights reserved. Tektronix products are covered by U.S. and foreign patents, issued and pending. TEKTRONIX and the Tektronix logo are registered trademarks and
Wave Inspector is a trademark of Tektronix, Inc.

Meet the Wave Inspector.
Solve debugging challenges in record time.
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Lithium-ion-charger chip 
suits sophisticated and low-cost applications

With programmable key-charging-system parameters, the L6924D lithium-ion-
battery-charger chip includes functions in addition to required power elements.

Integrating a power MOSFET, a reverse-blocking diode, a sense resistor, and thermal
protection, the device comes in a VFQQFPN-16 3�3-mm package, suiting mobile
phones, PDAs, digital cameras, and MP3 players. Features include a closed-loop ther-
mal control for protection against overheating, as well as linear and quasipulse charg-
ing modes. Linear mode targets low-cost adapters, allowing the device to charge the
battery in a constant-current/constant-voltage profile. Quasipulse mode targets cur-
rent-limited adapters, reducing power dissipation. The L6924D lithium-ion-battery-
charger chip costs 90 cents (10,000).
STMicroelectronics, www.st.com

productroundup

Converters provide 
full power at 70�C 
with 200-lfm cooling

Exceeding 90% efficiencies, the
one-eighth-brick EMS series of

dc/dc converters uses advanced-thermal-
management techniques. These devices
provide 70�C performance, requiring
200-lfm cooling for 5V-output-voltage
full-power operation with 24 or 48V
input voltage. Two single-output models
deliver 3.3V at 15A and 5V at 10A from
an 18 to 60V input range. The EMS series

of one-eighth-brick converters costs $36
(1000).
Power-One, www.power-one.com

Low-voltage dc/dc 
converters provide 
high output current

Targeting high-end telecom, in-
dustrial, transportation, and mili-

tary equipment, the single-output-isolat-
ed UWR 7-15W dc/dc-converter series

�

�

POWER SOURCES
comes in 1�2-in. packaging. Available in
1.2, 1.5, and 1.8V output voltages, the
devices provide a 6A output current.
Input voltages range from 9 to 18, 18 to
36, and 36 to 75V. Without the need for
heat sinks or forced-air cooling, the con-
verters have a �40 to �60�C temperature
range. Combining a high-frequency, syn-
chronous-rectifier topology with an
SMT-on-pc-board construction provides
an 88% efficiency. The UWR 7-15W
series costs $35.
C&D Technologies, www.cd4power.
com

Step-down converter tar-
gets Bluetooth headsets

Aiming at space-constrained
portable devices, the AAT1121

step-down converter comes in 2�2�
0.85-mm TDFN packaging. Providing a
250-mA output current at 96% efficien-
cy, the converter operates  over a 2.7 to
5.5V input range with an output as low
as 0.6V. Using
a 1.5-MHz
switching fre-
quency, the
device main-
tains a 30-�A
no-load quies-
cent current. Targeting Bluetooth head-
sets and ultrathin digital still cameras, the
AAT1121 step-down converter costs 76
cents (1000).
Advanced Analogic Technologies,
www.analogictech.com

Small dc/dc converters
feature true shutdown

Using an inrush current to save bat-
tery life, the dual-output, MAX-

8614 step-up dc/dc converter also in-
cludes a pin-selectable CCD power-up
sequence, eliminating external timing cir-
cuits. The converter generates �24V-pos-
itive- and �10V-negative-voltage outputs
with a 100-mA output current and an

�

�

�
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MAKE SURE TO CHECK THE EXPIRATION DATE

ON THE LANGUAGE YOU PLAN TO USE.

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

THE EDA TECHNOLOGY LEADER

©2006 Mentor Graphics Corporation. All Rights Reserved. Mentor Graphics is a registered trademark of Mentor Graphics Corporation.

Functional Verification    If you buy a loaf of bread and it goes bad, so what? You’re out

a loaf of bread. Buy into a verification tool using a single-vendor language like Vera or 

“e” and you’re in for trouble. Questa,  Mentor Graphics’ advanced functional verification 

platform, is the industry’s most comprehensive solution, and offers you all of the new, 

standard verification like SystemVerilog, PSL and SystemC. So if you’re doing coverage-

driven verification, transaction-level verification or using assertions, choose a solution 

that will stay fresh for years. Go to www.mentor.com/questa or call 800.547.3000.

TM

FunctVerif_BreadAd_8x11.eps 4/24/06 4:17:36 PM
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productroundup
adjustable output using external resistors.
Targeting digital still cameras, mobile-
phone cameras, and OLED-display
power, the device also features true shut-
down without an external FET or inter-
nal compensation capacitors. Available in
a 3�3-mm TDFN-14 package, the
device costs $2 (1000).
Maxim Integrated Products, www.
maxim-ic.com

PFC controller 
reduces power loss

This active PFC (power-factor-
correction)-controller IC reduces

power by 320 mW in SMPS (switch-
mode-power-supply) designs consuming
less than 250W, such as notebook
adapters. Operating in CRM (critical-
conduction mode), the FAN7528 inte-

grates a dual-output-control function to
increase efficiency with a universal ac
input. The input renders unnecessary the
sensing of the rectified ac-line voltage for
PFC, providing a drop in standby power.
Available in a lead-free package, the
FAN7528 PFC controller costs $1
(1000).
Fairchild Semiconductor, www.
fairchildsemi.com

Buck-voltage 
regulator powers 
graphics-processing units

Using mobile-voltage positioning,
the ISL6263 single-phase buck-

voltage regulator powers next-generation
graphics-processing units and Santa
Rosa-platform graphics cores. The device

reduces power consumption and en-
hances processor performance by chang-
ing output voltage and operation modes
corresponding to the advanced graphics-
control protocol. The vendor’s ISL6263
5-bit VID (voltage-identification) regu-
lator provides 0.5% system accuracy

throughout the
temperature range,
allowing a wider
tolerance of induc-
tors for platforms
using dc-resistance
sensing. To boost

battery life, the battery can use lower
switching frequencies at discontinuous-
conduction mode through internal auto-
matic inductor-current sensing or VID
programming. Available in a QFN-32
lead package, the ISL6263 costs $2.70
(1000).
Intersil Corp, www.intersil.com

�

�

componnts.systms.applications.automotiv.wirlss.mms.mbddd.softwar.
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500W C-Bus converter
runs without heat sink

Delivering 42A in a 12V-nominal
output, the CBQ4248G1 C-Bus

500W intermediate-bus converter runs at

97% efficiency without a heat sink. This
quarter-brick suits datacom, networking,
and automatic-test-equipment applica-
tions using a two-stage power-conversion
architecture at 48 ac and 48 to 12V dc.
Additionally, the converter features an

unregulated 12V-dc isolated intermedi-
ate-bus voltage. Available in both open-
frame and baseplate versions, the CBQ-
4248G1 C-Bus costs $48.
Cherokee International, www.
cherokeepwr.com

TEST & MEASUREMENT

�

Small spectrum 
analyzer troubleshoots
wireless networks

The 2.4-GHz Wi-Spy spectrum
analyzer can visually display many

wave types and stores real-time data for
later reference. This ability suits the tool
for troubleshooting wireless networks or
optimizing WLAN-signal strength. Com-
parable in size with a small flash drive, the

Wi-Spy USB-key device costs $99.
MetaGeek, www.metageek.net

Debugging device 
ports from Linux 
using USB 2.0

Using the usb2Demon and the
vendor’s debugging interface,

users can port the OCDemon on-chip-
debugging technology to a Linux plat-
form. A user can debug, test, and pro-
gram hardware and software in Linux
and then port to the target system over
a USB 2.0 connection. The usb2Demon
costs $750, and several free download-
able tool sets are available for Linux and
Windows.
Macraigor Systems, www.macraigor.
com

�

�

components.systems.applications.automotive.wireless.mems.embedded.software.

Experience the world of electronics in all of its
diversity: innovative components, software, systems
and applications for future progress. Take advan-
tage of your visit to the world’s leading inter-
national trade fair to enter into a direct dialog with
key industry suppliers from around the world. 
Additional information? www.electronica.de/2006

Get the whole picture.

www.global-electronics.net

electronica 2006
components  systems applications

22nd International Trade Fair
New Munich Trade Fair Centre
Nov. 14–17, 2006
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TEST & MEASUREMENT

Measurement platform
comes in a variety 
of bundles

Measuring semiconductor wafers,
ICs, pc boards, MEMS, and bio-

science devices, the M150 measurement
platform allows users to switch between
devices in minutes. Interchangeable stan-
dard parts make this 150-mm measuring
device customer-configurable, allowing
the platform to address problems includ-
ing power consumption, operating fre-

quency, signal isolation, signal integrity,
and channel bandwidth. The platform is
compatible with the vendor’s L-Series
microfluidics-metrology systems and all
L-Series life-science applications. Plat-
forms are available in application-spe-
cific, preconfigured packages for dc, RF,
failure analysis, pc-board test and mil-
limeter wave, or in a user-customized for-
mat. Prices for the M150 measurement
platform range from $7000 to $45,000.
Cascade Microtech, www.cascade
microtech.com

�

INTEGRATED CIRCUITS
Audio DSP features true
parallel processing

Using a dual-core structure, the
CS49530 audio DSP family

operates as two high-performance DSPs
in a single IC. Providing true parallel
processing, the family has 1.8 Gbytes of
processing power. The availability of on-
chip RAM and ROM eliminates the
need for external memory. The CS-
495313-CQ4 costs $12.95 (10,000) in
an LQFP-144; the CS495303-CQ8 and
S495313-CQ8 cost $9.95 and $11.95
(10,000), respectively, and come in
LQFP-128 packages.
Cirrus Logic Inc, www.cirrus.com

DSP family adds 
inexpensive versions

Adding to the vendor’s Aureus
line of high-performance audio

DSPs, the TMS320DA707 and TMS-
320DA705 processors are the lowest
priced parts in the product family.
Providing high-quality audio, these
DSPs target low-end and midrange
applications requiring multichannel
decoding. Both devices are software-
compatible with all DA7xx and previ-
ous-generation DA6xx devices and are
pin-compatible with the DA708. The
DA707 DSP supports off-chip SD-

RAM. These 250-MHz devices come
in TQFP-144 packages. The TMS320-
DA705 and TMS320DA707 DSPs cost
$9.23 and $11.33 (10,000), respec-
tively.
Texas Instruments, www.ti.com

SOCs support 
standard- and 
high-definition decoding

Targeting low-end and midrange
digital-television markets, the

TC90400XBG and TC90400FG SOCs
(systems on chip) use a 64-bit, MIPS-
based RISC host processor and three
DSPs. Able to decode multiple standard-
definition streams or single high-defini-
tion streams, the chips can display in
720�480-pixel, 960�1080-pixel, or
1080i resolution. The chips can output
standard 480i analog output and support
a unified 16-bit DDR-memory system as
well as a NAND and NOR flash-mem-
ory controller. Additional features in-
clude a 180-MHz TX49/L3 core; a trans-
port-stream processor; a built-in audio
processor with MPEG-audio, Dolby AC-
3, and AAC decoding; and a graphics
engine with two planes. In addition, the
TC90400XBG supports hard-disk-drive
applications. Prices for the TC90400-
XBG and TC90400FG range from $10

�

�

�

• 0.4 Watts to 150 Watts
Power Transformers

• 115V/26V-400/800 Hz Primary

• Secondary Voltages 
2.5V to 300V

• Manufactured to MIL-PRF 27
Grade 5, Class S, (Class V, 
1550C available)

• Surface Mount or Plug-In

• Smallest possible size

See Pico’s full Catalog immediately

www.picoelectronics.com

Surface Mount
and Plug-In

Now... 
up to 
150

Watts

Electronics, Inc
143 Sparks Ave., Pelham, NY 10803

Call Toll Free: 800-431-1064
E Mail: info@picoelectronics.com

FAX: 914-738-8225

Delivery - Stock to one week

INDUSTRIAL • COTS • MILITARY

PICO

400 / 800 Hz
Transformers
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AUTOMATICALLY-GENERATED CODE FLYING AT MACH 9.8.

THAT’S MODEL-BASED DESIGN.

When NASA made history by
launching the X-43A, 
automatically-generated flight code
was at the controls for the vehicle’s
propulsion and stability systems.
Engineers developed the autopilot
within a radically reduced timeframe
using Model-Based Design and
Simulink. To learn more, go to 
mathworks.com/mbd

Accelerating the pace of engineering and science ©2006 THE MATHWORKS, INC.
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productroundup
INTEGRATED CIRCUITS

to $18 (100,000), based on a one-year
volume commitment.
Toshiba America Electronic
Components, www.toshiba.com

Image sensor uses 
wide-VGA format

Suiting intelligent-traffic sys-
tems, security and surveillance,

and automotive-imaging systems, the
KAC-00400 image sensor comes in a
wide-VGA, 768�488-pixel format,
providing 20% more pixels than stan-
dard VGA sensors. The expanded field
of view provides additional data for pat-
tern-recognition and object-detection
algorithms. Additional features include
a 60-frame/sec rate, a light-sensitive
pixel, and a lower noise design for
improved sensor imaging in low-light
conditions. The KAC-00400 costs $15
(10,000).
Kodak, www.kodak.com

Frame-rate-converter 
IC generates 
120 frames/sec

The FRC 94xyH high-definition
frame-rate-converter IC generates

120 frames/sec from 50/60-Hz broadcast
content and from 24-frame/sec film
sources. Targeting full high-definition,
1920�1080-pixel digital televisions,
the IC provides a processing resolution
high enough to output the vendor’s
TruDHD HDTV. Available in a BGA-
260 package, the FRC 94xyH costs  $24
to $30.
Micronas, www.micronas.com

Power-stage IC forms
core of Class D 
reference design

The CS44130 quad-power-stage
IC forms the core of a Class D-

amplifier reference design that targets
2.1-channel audio for digital TV and
home-theater receivers. It provides as
much as 60W of power and thermal and
electrical self-protection. You can con-
figure it as four half-bridge channels, two
full-bridge channels, or one parallel full-
bridge channel. It achieves system-level
dynamic range greater than 105 dB. The
IC comes in a 48-pin QFN package, and
prices start at $2.78 (10,000).
Cirrus Logic, www.cirrus.com

Audio/video-component
switch supports 
multiple formats

The TB1311AFG programmable
audio/video-component switch

accepts all standard analog-audio and 
-video signals for digital television, set-
top boxes, and other audio/video prod-
ucts. You can configure the switch as 12-
channel CVBS inputs, eight-channel
Y/C inputs, four-channel YpbPr or RGB
inputs, four-channel SCART inputs,
two-channel video outputs, or a moni-
tor output. The device has a left and
right audio switch with 10 inputs and
three outputs, a prefilter for the ADC,
real-time format detection, automatic
sync detection, and I2C-bus control. The
price is $5 (10,000).
Toshiba America Electronic
Components, www.chips.toshiba.com

Quad-channel decoder
saves 25% in board
space

The TVP5154 quad analog-to-
digital video decoder accepts two

composite inputs per decoder for a total
of as many as eight camera inputs. The
device converts NTSC, PAL, and
SECAM formats to digital-video-output
streams. It features four dedicated I2C
addresses, which allow for as many as
four TVP5154 devices, or 16 video chan-

�

�

�

�

�

MEDICALAUTOMATION
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Magellan
Motion
Processors

PERFORMANCEMOTIONDEVICES

Intelligent
Motion

DC Servo, Brushless DC,
Microstepping, Pulse & Direction

• Advanced IC-based motion controllers

• 1, 2, 3 and 4-axis versions

• S-curve, trapezoidal,
velocity contouring, and 
electronic gearing profiles

• Parallel, CANBus, serial multi-drop 
host communications

• Programmable PID, dual biquad filters

• 3.3 V operation

www.magellan-ic.com

The Best Engineered
Products in Motion
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The new EDN site search is designed to help 
you get your job done faster. Rather than wade
through pages of irrelevant material, you can focus
on the information you can use immediately from
sites you can trust. That’s because EDN site
search is powered by our Zibb vertical search
engine which gathers and presents relevant news,
product, and company information from the 
publications and key industry sites that our editors
have hand selected.  So the next time you crave
strictly electronics results, reach for the site
search on EDN at www.edn.com. 

Search on EDN 
is Strictly Electronics.

Searching the
web for this...

...and keep 
nding this?
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nels, on a single I2C bus. The device
comes in a 16�16-mm, 128-pin LQFP.
The price is $9 (1000).
Texas Instruments, www.ti.com

Audio-capture IC 
targets portable digital-
audio recording

The CS53L21 ADC IC provides
high-quality audio capture for

digital voice recorders, voice-recogni-
tion systems, digital microphones, and
audio video-capture cards. An input
multiplexer allows for switching be-
tween three stereo analog sources, fol-
lowed by a programmable-gain amplifi-
er with a gain range of 3 to 12 dB in 0.5-
dB steps. The device also features an on-
chip dual-microphone preamplifier and
a programmable low-noise bias supply
and allows independent control of the
left and right channels’ audio. It con-
sumes less than 9 mW of power and sup-
ports a direct interface to logic levels of
1.8 to 3.3V. The device, which has a 98-
dB dynamic range, comes in a 32-lead
QFN package and costs $1.75 (10,000).
Cirrus Logic, www.cirrus.com

Satellite set-top-box
decoder targets 
high-volume markets

The ST15188 satellite set-top-box
receiver/decoder chip targets

high-volume free-to-air markets in Asia,
the Middle East, Africa, South America,
and Europe. The device combines the
functions of the vendor’s STV0288 DVB-
S receiver and STM5118 mass-market
set-top-box decoder. The ST5188 inte-
grates a QPSK (quadrature-phase-shift-
keying) demodulator, audio DACs, and
a voltage-controlled crystal oscillator.
The device’s software runs on a high-per-
formance, embedded 32-bit ST20 RISC
CPU core operating at 200 MHz. Avail-
able in a 176-pin, 20�20-mm QFP, the
device sells for $4.50 (500,000).
STMicroelectronics Inc, www.st.com

�

INTEGRATED
CIRCUITS
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131-38 Sanford Avenue, Flushing, NY 11352 USA 
Tel: (718) 461-7000 • Fax: (718) 767-1102 

Email: hq@kepcopower.com

www.kepcopower.com

You need to use the right tools to get the job
done. Kepco provides you with these tools in
our broad line of instrumentation and modular
power supplies.

Kepco, Inc., an ISO 9001 company, has been
making precision-stabilized power supplies
since 1946. We specialize in analog-controlled
fast-programmable d-c products, capable of
producing 1, 2 or 4- quadrant (bipolar) outputs.
Digital control is supported under GPIB
(IEEE 488.2), RS232 and VXI, using SCPI
and CIIL. VXI plug&play capability is available
for more than 50 models ranging up to 1200
watts. Kepco also offers industrial and OEM
modular power supplies in single and multi-
output designs. Many designs current share
for hot-swap and N+1 redundancy applications.

We take pride in the new and innovative
power products that will further expand the
horizon of options for systems designers. For
the tools you can rely on, from a company
you can trust, call Kepco today or check out
our Web site.

VISIT OUR WEB SITE FOR MORE INFO

SERIES KLP
voltage, current and power-limited
operating boundaries 
1200 watts
• GPIB, RS 232 & isolated analog

control standard.
• True 1U height - full power operation

with no spacing between units.
• Wide range a-c input with active PFC.
www.kepcopower.com/klp.htm

SERIESRKWPROGRAMMABLE
zero-up programmability 
300-1500 watts
• Power factor correction.
• Low cost.
• FCC Class B conducted and                      

radiated emissions.
www.kepcopower.com/rkw.htm

POWER
TOOLS

SERIES HSF
d-c plug-in, hot swappable power 
50-1500 watts
• Wide range a-c input with PFC.
• Built-in isolation diodes for hot swap.
• Current share for N+1 redundancy.
• Mount 3-8 abreast in 3U x 19˝ housing.
• Mount 4 abreast in 1U housing.
www.kepcopower.com/hsf.htm
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self powered

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

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

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

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

www.senscomp.com

Just Add
Power!!
Just Add
Power!!

Complete Ultrasonic
Ranging Sensor –
Complete Ultrasonic
Ranging Sensor –

Call: 972-272-9392 sales@tech-tools.com

www.tech-tools.com

100 MHz
18 Channels

See Our Other
Embedded

Development Tools!

Quick Turnaround.
Calibration Available.
International Shipping.
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This advertising is for new 
and current products.

To advertise in Product Mart, call call Judy Keseberg at 800-417-5370

Untitled-1 1 12/20/2005 11:02:38 AM
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Add Foveon (www.foveon.com) to the list of companies proving that elegant design does not guarantee commer-
cial success. The company in 2000 unveiled its X3 image-sensor technology with fanfare and in 2002 delivered

silicon. With a three-layer architecture capable of sampling red, green, and blue light at every pixel location, X3 promised
sharper focus, truer colors, and fewer artifacts than conventional single-layer sensors, which sample only one color per
pixel and require interpolation to fill in the rest. Foveon argued that, by eliminating interpolation, X3 would reduce bill-of-
materials costs and win over camera makers.

To date, however, only five off-brand cameras employ X3 sensors. None of these has received glowing reviews, and
one suffered a recall due to reported image-quality problems. “Users have seen no great distinction in the pictures gen-
erated by the three-layer sensor,” says Paul Worthington, senior analyst with market researcher Future Image. Meanwhile,
conventional CMOS sensors got cheaper and better, image-processing algorithms improved, and manufacturers refused
to abandon their own sensor investments for an unproven technology. Today, Foveon has no chance of cracking either
the consumer-camera market or the high-end segment, Worthington says. (Foveon did not respond to requests for com-
ment.)—by Matthew Miller

Image sensor proves three can be less than one
�

YESTERDAY’S HYPE MEETS TODAY’S REALITY

realitycheck

STATS Pixels: 10.2 million (2268�1512�3) / Design wins: five
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The NEWEST Semiconductors | Passives | Interconnects | Power | Electromechanical | Test, Tools & Supplies from Mouser Electronics

Ideal for embedded applications requiring a compact, yet powerful

MCU, the STR710F series combines an ARM7 RISC core with embedded

flash and powerful peripheral functions, including USB and CAN.  

Utilizing the industry standard ARM7TDMI® RISC microprocessor,

these super-integrated, single-chip microcontrollers easily adapt to

customer requirements and ensure compatibility with any product range.

Extensive tool and software support dramatically reduces development time.

Experience Mouser’s time-to-market advantage.  Our vast selection of

the NEWEST products, NEWEST technologies, no minimums, and same-

day shipping on most orders, gets you to market faster.  We make it easy

to do business with Mouser!  

For more information or to purchase ST products online, visit

www.mouser.com/st today!

mouser.com/st (800) 346-6873

Reduce Development Time
with the STR710F Series of

ARM®-based Flash MCUs

ST and Mouser reduce your development 
time and get your new designs to market fast!

STR710F Series / Mouser Catalog #626 Page: 172 

NEW Products 
for NEW Designs
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