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Run Smarter, Run Longer
System-Side Impedance Track™ Battery Fuel Gauge

High-Performance Analog >> Your Way, Technology for Innovators, Impedance Track and the red/black banner are trademarks of Texas Instruments. 1923A0  © 2007 TI  

Accuracy, Plus Secure Data Under All Conditions

Maximum Run Time

Low Discharge, High Temp, New Cell

High Discharge, Low Temp, Aged Cell

Save to Disk/Flash

Battery Capacity

Vo
lta

ge

For samples and evaluation modules, visit >> 
www.ti.com/bq27500
800.477.8924 ext. 1407

Power 
Managementbq27500

2.5
mm

4mm

High-Performance Analog >>Your Way

The new bq27500 system-side battery fuel gauge from Texas Instruments accurately predicts battery run time in smart 
phones and other handheld electronic devices. Featuring TI’s patented Impedance Track technology, the IC maintains 
accuracy for the entire life of the battery under all conditions, reserves energy to save data and never sacrifi ces run time.
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BUT!!!??
The battery is dead!

It doesn’t work!
NOOOOO!!

Coming
a cropper at your 

own doorstep, 
Wasteman?

Be a good sport. 
Try my solution 
and RACe home!

© 2007 Atmel Corporation. All rights reserved. Atmel®, AVR® and logo are registered trademarks and PicoPower is a trademark of Atmel Corporation or its subsidiaries.  
Other terms and product names may be trademarks of others. All Characters in this document are created by Mykle and Fantasi-Fabrikken AS 2007.

Find more info at: www.atmel.com/AVRman

Remote Access Control
Atmel® provides a complete, secure RAC solution based on AES, the Advanced Encryption 
Standard. Customize your own design with our RAC development tools and free 
application note.

Security

•  Based on the proven AES algorithm
• Encrypted transmissions
• Unique transmitter IDs
• Blocks unauthorized access
•  Defends reply or prediction attacks

RAC system

RAC stands for Remote Access Control and is the remote control of various applications. It 
is often referred to as Remote Keyless Entry and Remote Wireless Entry. A typical Remote 
Access Control system consists of one receiver and one or more transmitter units.
Since parts of these systems are portable they require battery operation.
RAC systems operate on licence free ISM bands, and security and power consumption 

are the two most distinct challenges.

With our proven high quality tools, Atmel has everything you need for easy, customizable RAC development.

Atmel’s RAC solution – your solution!
Our high performance AVR microcontrollers with picoPower™ technology 
reduce the need for expensive components in your  design. By using AES for 
encryption you don’t have to think about  licences, patents or other 
hidden costs. Even the code is available for free, just like AVR Studio®,
the free development environment.

picoPower™ technology

•  Off the shelf high performance AVR® microcontrollers 

• Increased battery life time 

•  Reduced need for external  components 

•  Full fl exibility with only one micro controller
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High-Performance Analog >>Your Way

For samples, datasheets and the 
new Amplifi er and Data Converter
Selection Guide, visit >>  
www.ti.com/opa369
800.477.8924 ext. 4023
   

Lower Power, Higher Performance
1µA, 1.8V, Zero-Crossover Op Amp

The OPA369 precision amplifi er from Texas Instruments is the industry’s lowest power zero-crossover op amp. Featuring 
a unique single input stage architecture, the device achieves rail-to-rail performance without input crossover. With 1µA 
quiescent current, SC70 package and operation down to 1.8V, the OPA369 enables higher performance and simplifi es 
designs in portable, battery-powered applications.
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14-Bit 155 MSPS ADC with 85 dB SFDR at 238 MHz 
Input Frequency

Ideal for use in high IF sampling receivers, wireless basestation receivers, spectrum analyzers, communications test 
equipment, and RADAR systems

 © National Semiconductor Corporation, 2007. National Semiconductor,     , LLP, and PowerWise are registered trademarks of National Semiconductor Corporation. All rights reserved.

For FREE samples, datasheets, and more information 
on the ADC14V155 contact us today at: 
  www.national.com/adc
Or call: 1-800-272-9959

1.1 GHz Bandwidth A/D Converter with LVDS Outputs from the PowerWise® Family for 
High IF Sampling

ADC14V155 Features

 • 1.1 GHz full power bandwidth 
 • 85 dBFS SFDR, 69.5 dBFS SNR at 238 MHz input
 • Low power consumption: 951 mW
 • Dual data rate parallel LVDS outputs
 • CMOS version available (ADC14155)
 • Pin-compatible with ADC12V170 12-bit, 

170 MSPS ADC with LVDS outputs
 • Single-ended or diff erential clock modes
 • 3.3V analog supply, 1.8V digital  supply
 • 48-pin LLP® package (7x7x0.8 mm, 0.5 mm pin-pitch)
 • Reference board available with the LMH6515 high-speed 

amplifi er and LMK02000 clock conditioner
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77  Circuits protect outputs against overvoltage

80  CPLD connects two instruments with half-duty-cycle generator

82  Achieve simple IR-data transmission from a PC’s serial port

82  Circuit limits dV/dt and capacitor inrush at regulator turn-on
R
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D E S I G N I D E A S

FPGA-prototyping 
and ASIC-conversion 
considerations

67Converting your 
FPGA to an ASIC 
yields many benefits. 

Here’s a look at how designers 
can maximize those benefits and 
make the transition as quick and 
seamless as possible. 

by Bob Kirk, 
AMI Semiconductor

Different strokes:
The 34th annual 
microprocessor 
directory

40This year’s directory 
presents you with a 
palette of processing 

options and development tools for 
your project.     by Robert Cravotta, 

Contributing Technical Editor

10.11.07

OCTOBER 11, 2007  |  EDN  5

4G wireless: evolution 
or watershed in SOC 
architectures?

33The next step in 
wireless technology 
could prove the tipping 

point for multicore embedded 
processing.             by Ron Wilson, 

Executive Editor
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22  10,000-count, handheld DMMs simplify 

installation and maintenance applications

22  Smart, small fan controllers and temperature 

monitors support PCs, embedded systems
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AMD’s Barcelona: 
Quad-Core Opteron unveiled
An in-depth technical analysis of 
AMD’s quad-core Opteron versus Intel’s 
competitive Xeon offerings reveals some 
surprises—and fails to dispel concerns. 
➔www.edn.com/article/CA6477521

The Intel Developer Forum: 
ARM-wrestling
➔www.edn.com/article/CA6480629

The Intel Developer Forum: 
High-def video slowly matures
➔www.edn.com/article/CA6480194

Washing-machine motor efficiency and 
the Law of Unintended Consequences
➔www.edn.com/071011toc1

Mentor launches FPGA-synthesis tool
➔www.edn.com/article/CA6480887

High-speed serial I/O 
as SOC interconnect: an evolution
➔www.edn.com/071011toc2

Cadence/EDA vet Eric Filseth takes 
over Ciranova: idealistic or insane 
(or both)?
➔www.edn.com/071011toc3

Small antennas suit FM, UWB bands
➔www.edn.com/article/CA6479463

QNX opens Neutrino source code
➔www.edn.com/071011toc4

Synopsys releases SystemC 
model library
➔www.edn.com/article/CA6479378

O N L I N E  O N LY S E A R C H  E N G I N E
A selection of recent articles receiving 
high traffic on www.edn.com.

Check out these Web-exclusive articles:

online contents
www.edn.com

HOME NEWS CENTER DESIGN CENTERS BUSINESS CENTERS PART SEARCH MORE...

We’re happy to announce a major upgrade 
to EDN.com’s search engine. The engine’s 
better organized interface allows you to 
easily filter your results to home in on 
specific types of content, such as Design 
Ideas, articles, or blog posts, or topics, 
such as analog design, ICs, or processors. 
In addition to searching EDN, the engine, 
powered by Zibb, provides you with options 
to run your search against a group 
of industry news sites or the entire elec-
tronics-industry Web. Finally, the engine 
now integrates results from EDN Part 
Search, providing easier access to data 
sheets, technical details, and availability 
and pricing information for thousands 
of ICs and components.
Try EDN.com search today
➔www.edn.com

EDN TECH CLIP
Roll back the lead-free initiative: 
Howard Johnson discusses the impli-
cations of lead-free solder with inter-
connection expert Joe Fjelstad.
➔www.edn.com/071011toc5

More EDN Tech Clips
➔www.edn.com/techclips
Submit your own Tech Clips
➔www.edn.com/uploadvideo

Permanent-magnet motors boost 
efficiency and power density
Sensorless versions of these highly 
efficient motors reduce cost and parts 
count, but the motors still require complex 
control algorithms. Match the right motor 
type and controller to your application for 
the best performance and cost. 
➔www.edn.com/article/CA6475007

TDR: taking the pulse of signal integrity
➔www.edn.com/article/CA6470825

White-LED driver operates 
down to 1.2V supply voltage
➔www.edn.com/article/CA6470830

Extensive component changes 
in new Apple nano
➔www.edn.com/article/CA6479887

Inside Apple’s iPhone: 
more than just a dial tone
➔www.edn.com/article/CA6463808

Intel’s 45-nm Nehalem hits silicon, 
Otellini says 32-nm test chips in 
production
➔www.edn.com/article/CA6479525

Video Design Idea: LED senses 
and displays ambient-light intensity
➔www.edn.com/article/CA6475381

Electronic Business’ Top 100 Chinese 
electronics companies
➔www.edn.com/article/CA6477126

Intel to support both HD-DVD 
and Blu-ray
➔www.edn.com/article/CA6479670
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Go to www.intersil.com for samples, datasheets and support

High Performance Analog

Intersil Interface Products

Get a Smaller Package.

Intersil’s new Full-Featured IEC61000
ESD-Protected 3.3V RS-485/RS-422 
Transceivers save up to 70% of board space.
Along with ±15kV ESD protection, the ISL317xE line of transceivers 
feature full fail-safe performance against bus faults and hot plug 
capability to stop data corruption during power-up on an active bus. 

10 Ld MSOP

14 Ld SOIC

3.3V eliminates 
5V power supply.

Saves 70% board 
space over SOIC.

IEC61000-4-2:
±15kV Airgap 
discharge, ±8kV 
contact discharge. Device

ISL3170E
ISL3171E
ISL3172E
ISL3173E
ISL3174E
ISL3175E
ISL3176E
ISL3177E
ISL3178E

Data Rate 
(Mbps)

0.25
0.25
0.25
0.5
0.5
0.5
20
20
20

Slew Rate 
Limited

Yes
Yes
Yes
Yes
Yes
Yes
No
No
No

Tx/Rx
Enable

Yes
No
Yes
Yes
No
Yes
Yes
No
Yes

Package

10 Ld MSOP, 14 Ld SOIC
8 Ld MSOP, 8 Ld SOIC
8 Ld MSOP, 8 Ld SOIC
10 Ld MSOP, 14 Ld SOIC
8 Ld MSOP, 8 Ld SOIC
8 Ld MSOP, 8 Ld SOIC
10 Ld MSOP, 14 Ld SOIC
8 Ld MSOP, 8 Ld SOIC
8 Ld MSOP, 8 Ld SOIC

Intersil – Amplify your performance with advanced signal processing.
©2007 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design).

ISL317xE Key Features:
Full fail-safe for predictable performance when bus faults occur. 
Hot Plug capability prevents data corruption during power-up on 
an active bus.
Fractional unit load (allows up to 256 devices on the bus).
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YEAH, IT’S THAT FAST.
IT’S THAT SIMPLE.

Some companies are just known for their consistent quality. 

From quote to delivery, we serve up the world’s best online PCB ordering. 
Consistent, quality proto-boards, every time. 

•  2-6 layer, quickturn proto-boards
•  Complete customer service, 24/7, 365 days a year
•  Over 30 years of manufacturing experience
•  The ultimate in easy online PCB ordering

www.sunstone.com 

 13626 S. Freeman Road   Mulino, OR 97042    |    503.829.9108 

“Sunstone has done a great job with all of our orders. We rely on 
your easy online ordering system, quality 
boards, and fast lead times.”   
                      
              -  Sunstone customer feedback
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the topic (www.andrewseybold.com/
commentary.asp?ID�109). The con-
sensus seems to be that deploying Wi-
Fi in a mesh network that covers a sig-
nificant amount of urban area is just 
too complex. But read between the 
lines, and you’ll find that the message 
is that no one will pay for the service.

Wi-Fi certainly has technical lim-
itations in a mesh deployment. The 
2.4-GHz flavors have only three non-
overlapping channels. And as I’ve 
written repeatedly, Wi-Fi implemen-
tations don’t come close to their spec-
ified range. But those technical issues 
aren’t really behind the failure of mu-
nicipal-Wi-Fi deployments. What is 
the problem? The cities and service 
providers behind the deployments 
completely misunderstand the poten-
tial user base.

Service providers targeting munici-
pal Wi-Fi clearly expected to compete 
for customers with DSL (digital-sub-
scriber-line) and cable-Internet ser-
vice. And there is no way to deploy 
a wireless network that can compete 
costwise with the wired services when 
the wired infrastructure is already in 
place and paid for. Certainly, the ur-
ban areas targeted for municipal Wi-
Fi are well-wired.

The potential user base for munici-
pal Wi-Fi ranges from students to pro-
fessionals that are on the move be-
tween meetings, classes, and other 
events. These users don’t need munic-
ipal Wi-Fi as a primary Internet ser-
vice but rather as a secondary, supple-
mental service.

The problem is that a number of In-
ternet alternatives exist to buying a 
municipal-Wi-Fi subscription. Both 
the GSM (global-system-for-mobile)-
communication and CDMA (code-
division/multiple-access) camps are 
touting their cellular-based offerings. 
But Wi-Fi is also prevalent. In Mc-
Donalds and Starbucks, Wi-Fi is al-
most universally available.

EDN’s IT organization has struck a 

deal with a coalition of Internet-ser-
vice providers, and I can access ser-
vice from most of the Wi-Fi service 
providers that operate in restaurants, 
bookstores, airports, and hotels. The 
service industry has now matured so 
that a user can buy a single subscrip-
tion and get service in almost any ur-
ban area. If a municipal service were 
to succeed, it would require the opera-
tor to join such a coalition of service 
providers. The only exception that I 
see would be a city that simply want-
ed to serve citizens and businesses by 
footing the service bill. And, as the 
earlier-referenced articles mention, 
cities are unwilling to do so.

In the future, WiMax may be a bet-
ter technical choice for high-speed ur-
ban wireless access than either Wi-
Fi or the data-centric cellular offer-
ings. But wide availability of truly us-
able WiMax-equipped notebook PCs 
is fairly far in the future if for no oth-
er reasons than power-consumption 
issues and lack of battery life. Last 
year, I tried the CDMA-centric EV-
DO (evolution-data-optimized) ser-
vice but wasn’t enthralled with the 
performance. For now, I’ll stick with 
the broadly available Wi-Fi services at 
restaurants and other businesses. The 
number of businesses offering such 
services grows daily.

Alas, the few municipal-Wi-Fi de-
ployments that are operating reveal 
usability issues, as well. In a blog post 
in March, EDN Senior Technical Edi-
tor Brian Dipert wrote of some bench-
mark tests he ran with cellular con-
nections and with the Google munic-
ipal deployment in the San Francisco 
Bay area (www.edn.com/071011b1). I 
don’t know whether the Google Wi-Fi 
offering has improved of late, but, for 
any municipal-Wi-Fi service to suc-
ceed, it had better match the experi-
ence that the almost-ubiquitous wired 
coffee house offers.EDN

Contact me at mgwright@edn.com.

BY MAURY WRIGHT, EDITORIAL DIRECTOR

Is municipal Wi-Fi a technical 
failure or a business failure?

,,
E D N . C O M M E N T

 I 
was a bit surprised recently to find the tech-centric article “Cities 
turning off plans for Wi-Fi” on the front page of a USA Today (www.
usatoday.com/tech/wireless/2007-09-19-wifi_N.htm). That article 
ech oed a number of other reports in the tech media about prob-
lems with municipal Wi-Fi projects. For instance, communication 
analyst Andrew Seybold has covered the topic in numerous blog 

posts and recently devoted an issue of his Commentary e-newsletter to

The cities and 
service providers 
behind the Wi-Fi 
deployments 
completely 
misunderstand 
the potential 
user base.

edn071001edit_id   12edn071001edit_id   12 9/27/2007   10:04:57 AM9/27/2007   10:04:57 AM



Maximize energy efficiency 
in every DC-DC design.

Choose your DC-DC functions, 
performance, size and energy savings

No one offers more efficient DC-DC options than
Fairchild. We combine perfectly matched power analog
and discrete components with advanced packaging and
power expertise for the industry's leading energy-saving
portfolio. You can choose the optimum combination of
controller, drivers and MOSFETs in a wide range of 
performance and size specifications.

Whatever your system performance and time-to-market
needs may be, Fairchild has your ideal DC-DC solutions.

Learn more about all of our DC-DC solutions—including
PWM controllers, voltage regulators and MOSFETs—at
www.fairchildsemi.com/dcdc.

Product Part Numbers* Features

Integrated Switching
Regulators (Controller +
Drivers + MOSFETs)

FAN2106
FAN5350

• Up to 95% efficiency
• Small, ultra-thin package (MLP and CSP)

Power Controllers 
(Controller + Drivers)

FAN6520 • Drives N-Channel MOSFETs in a synchronous 
buck topology

• Output voltage range as low as 0.8V to VIN

Power Drivers (FET plus
Driver Multi-Chip Module)

FDMF8704
FDMF6700 

• >85% efficiency
• Optimal synchronous buck power stage 

DrMOS solutions
• Unique MLP 6�6 package

Integrated MOSFETs 
(multiple MOSFETs 
in one package)

FDMS9600
FDMS9620

• 50% board space savings versus 
discrete solution

• Ease of layout in PCB design
• Optimized matching and sizing of MOSFETs 

(>92% efficiency)
• MLP 5�6 package

Here is a selection of our integrated 
DC-DC solutions:

*These products represent a small sampling of Fairchild’s DC-DC portfolio.
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Electronics, Inc.
• Call Toll Free 800-431-1064 • Fax: 914-738-8225

www.picoelectronics.com
E-mail: info@picoelectronics.com • Send for free 180 pg PICO Catalog

Also AC-DC single and/or 3 Phase. Power Factor Corrected. 3 Watts to 2000 Watts Models.

143 Sparks Ave. Pelham, NY 10803

• COTS
• MILITARY 

• INDUSTRIAL     

LP Series
Wide Input Range
Watts to 75 Watts
2 to 100 VDC Output Full Brick
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LF/LM/FM Series
-40o and -55o to +85oC
Operating Temperature

3.3 to 350 VDC outputs
in 1/2 Brick and Full Brick

P/HP/XP Series
HIGH POWER
3.3 to 350 VDC 

Output
Isolated to

300 Watts

VV Series
Up to 10,000 VDC Output
Up to 10 Watts

New Dual Isolated Outputs
to 250 VDC Isolated Output
Thru-Hole and Surface Mount

New AV Series
Isolated
100 to 5000 VDC Output
Surface Mount/Thur-Hole

A/SM Series
Surface Mount/Thur-Hole
Isolated
3.3 to 1000 VDC Output

AVR Series
Regulated to IKV
Low Noise

M/MV Series
Military Components
Military Environmental
Testing Available
3.3 to 500 VDC

HVP Series
Programmable to
6000 VDC Output

LV/HV Series
36 to 170 Inputs
Terminal Strips
PC Board Mount
3.3 to 48 VDC Output 

OR/IR/JR/KR Series
Wide Input Range
8 to 60 VDC
2 to 100 VDC Output

Regulated

SURFACE MOUNT   •   MILITARY UPGRADES   •   2500 Standard Models   •   Custom Models
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Glass Passivated
Rectifiers

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

Looking for Glass Rectifiers?

Look no further.

Central Semiconductor manufactures High Quality 
Ultrafast, Fast, and General Purpose Rectifiers 
in voidless glass bead packages.

Central’s High Quality Discrete Rectifiers Voidless Glass Bead Packages
Devices shown actual size

GPR-4AM

GPR-1A

ISO 9001:2000

Certified

Availability – Stock to 8 weeks.

Delivery – Central’s on-time delivery record is >99.0%.

Performance – Central’s devices meet or exceed 
industry standard device specifications.

Design – Central utilizes a High Temperature (660°C)
Metallurgical Bond, and a solid glass package for 
maximum protection and passivation of the silicon chip.

Cost – Reasonably priced.

Support – Central’s experienced sales support team 
provides a single point of contact, from device 
selection to purchasing.

Samples – Free samples are available. 
To order samples visit:
www.centralsemi.com/gpr3 or call 631-435-1110

The advantages of selecting Central’s devices are clear:

EDN071001_ADS.indd   15EDN071001_ADS.indd   15 9/24/2007   2:36:54 PM9/24/2007   2:36:54 PM



Enter xx at www.edn.com/info

RF Spectrum of a 100 MHz clock

Graph shows a 100 MHz span around a 100 MHz clock. Only
two features are present: the clock at 100 MHz, and the
spectrum analyzer's noise floor (around −82 dBc). 

Stanford Research Systems, Inc.      

· Square wave clocks from DC to 2.05 GHz

· Random jitter <1 ps (rms) 

· 80 ps rise and fall times 

· 16-digit frequency resolution

· CMOS, LVDS, ECL, PECL, RS-485

· Phase adjustment and time modulation

The CG635 Synthesized Clock Generator provides square wave clocks
between DC and 2.05 GHz that are clean, fast and accurate. With jitter
less than 1 ps, transition times of 80 ps, and 16 digits of frequency
resolution, the CG635 will meet your most critical clock requirements.

The instrument can provide clocks at virtually any logic level via coax
or twisted pairs. The outputs have less jitter than any pulse generator
you can buy, with phase noise that rivals RF synthesizers costing ten
times more.

Optional OCXO and rubidium timebases improve frequency stability by
100× and 10,000× over the standard crystal timebase. And an optional
PRBS helps you evaluate high-speed serial data paths.

Whether you are trying to lower the noise floor of an ADC, increase
SFDR of a fast DAC, or squash the bit error rate in a SerDes, the CG635
is the tool you need to get the job done.
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You need this clock generator
CG635 − Precise, low jitter clocks from DC to 2.05 GHz

CG635...$2490 (U.S. List)

Phase noise for 10 MHz and 622.08 MHz outputs 

Clock and PRBS signals at 622.08 MHz

Plot shows complementary clock and PRBS (opt. 1)
outputs at 622.08 Mb/s with LVDS levels. Traces have
transition times of 80 ps and jitter less than 1 ps (rms).

Phone: (408)744-9040 
www.thinkSRS.com
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 Application Note AN-1704

 ANALOG  edgeSM

High Speed ADC Input Driver Application Note

 Hooman Hashemi, Applications Engineer

Th e LMH6555 diff erential amplifi er is designed to drive 
the 100W diff erential input of GigaSample per second 
(GSPS) A/D Converters (ADCs) with up to 0.8 VP-P, 
and to present constant 50Ω input impedance to the ter-
minating cable to achieve the highest return loss. Th is 
amplifi er can be used either as a single-ended input to 
diff erential output, or simply as a diff erential-input/
output driver. Th e mostly widely used application is in 
DC- coupled (or wideband) applications where a single-
ended input is to be sampled by a high-speed diff erential 
input ADC. Compared to balun transformers, which are 
often used to perform this function, the LMH6555 off ers 
several advantages: Common Mode (CM) voltage can be 
set (needed for ADC DC coupling), the ability to provide 
voltage gain, it can be DC-coupled (Baluns must be AC-
coupled), the output voltage swing is matched with inputs 
of GSPS ADCs, and there is higher input return-loss by 
maintaining 50Ω input impedance to ground over a wide 
frequency range, and better gain balance.

Th e LMH6555 spans the frequency range from DC up 
to 1.2 GHz (-3 dB bandwidth limit of the LMH6555). 
Accurate output CM voltage control is maintained by 
tying the VCMO of the ADC to the VCM_REF input of 
the LMH6555. Th is enables the capture of the full signal 

spectrum while the LMH6555 automatically maintains 
common mode control. Th e buff er (LMV321) shown 
in Figure 1 boosts the current out of the ADC VCMO 
pin so there is adequate drive for the VCM_REF input. 
Th is buff er may or may not be needed, depending on the 
output current capability of the ADC. Most other com-
mercially available drivers have a similar output CM 
control scheme, though the adjustment range of each is 
diff erent and is closely related to the range of voltages 
expected by the intended ADC. 

For AC-coupled applications, ADC inputs are internally 
biased and there is no need for common mode feed-
back control. For these applications, the ADC VCMO is 
grounded and the ADC inputs are internally biased. Th e 
LMH6555 VCM_REF pin needs to be biased to ~1.2V 
DC using a crude voltage divider from the 3.3V supply. 
Th e LMH6555’s gain (diff erential output to single 
ended input) is fi xed at 4.7 V/V (see Figure 1) where 
RS1=RS2=50Ω. Th is gain includes the loading of the 
ADC (100W in this case) onto the driver’s 50Ω outputs. 
When the input signal is larger in amplitude, lower the 
LMH6555 insertion gain by increasing the value of RS2 
and RS1. Th ese two resistors should always be equal in 
order to keep the input balance for low output off set. 
In Figure 2, the gain of the LMH6555, which is at the 
receiving end of a 50Ω cable, is reduced using RX and 
RY. By proper selection of component values, the input 
impedance to the LMH6555 circuitry (at J1) is kept at 
50Ω to maintain impedance matching. For low output 
off set voltage, the LMH6555 architecture requires good 
matching between the equivalent external impedances 
looking to each input. 

340 mVPP

VIN

RS1 RG1

RG2

RF1

RF2

RT2

RT1

VCM_REF

OPT

3.3V

OPT

LMH6555

VCMO

VIN+

VIN-

RS2

VOUT
+ SPI

50Ω

50Ω

50Ω

50Ω

VOUT = 0.8 VPP

ADC08100/1500
+

-

LMV321
+

-

Figure 1. Active Single Ended to Differential Conversion for 
Broadband Applications
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Th e input/output swing relationship of the 
LMH6555 is shown in Equation 1:

   VOUT (VP-P) = VIN (VP-P) * [ RF/ (2Rs + Rin_diff) ]

where RF= 430Ω and RIN_diff = 78Ω and 
are LMH6555 specifi c values.

Rs is the equivalent resistance that each 
of the LMH6555 inputs sees to ground 
(assuming that they are equal to each other). 
Increasing Rs will reduce the gain. Th e ADC 
shown requires 0.8 VP-P across inputs.

Figure 2 is an example where the 
single- ended input is driven by a 50Ω trans-
mission line that needs 50Ω to ground for 
proper termination. Th e series and shunt 
resistances, RX and RY, present the proper 
cable termination (50Ω) and achieve the 
correct Th evenin resistance (64.5Ω) so that 
there is 0.8 VP-P generated across the ADC 
inputs. In Equation 1, “VIN (VP-P)” would 
be the Th evenin equivalent voltage of the 
input network (RS1, RY, and RX) Th evenin 
equivalent resistance:

    VTh= 0.52VP-P . RY/ (RY + RS1)= 0.385VP-P 

    RTh= RX + 1/ (1/RS1 + 1/RY) = 64.5Ω

You can use a spreadsheet to arrive at the 
proper values of RX and RY in Figure 2. 
Use “goal seek” fi nd the value of RX which 
would allow 0.8 VP-P output swing. Simi-
larly, RY can be adjusted for 50Ω input 

termination. Repeating this procedure 
will generate the resistor values needed. 
Th e LMH6555 maintains its low noise 
(19 nV/  Hz output referred fl at-band) 
irrespective of the RS on its inputs because 
the input architecture is dominated by its 
equivalent input noise voltage and is inde-
pendent of the source resistance.

Most amplifi er-ADC interfaces require the 
use of series resistance and shunt capacitance 
in order to improve the transient response 
due to charge switching on the input of the 
ADC. In the case of the LMH6555 and its 
interface to National’s ADC08xxxx family, the 
amplifi er-ADC connection does not require 
this RC network because the LMH6555 has 
built-in series output resistances on each out-
put to provide load isolation.

Th e ADC shown here requires that the 
CM voltage of the diff erential inputs be 
very close (within ±50 mV) to the VCMO 
reference output it generates. Th is is one 
consequence of its 1.9V operating supply 
voltage because it constricts the voltage 
headroom of the ADC internal circuitry. 
If this CM operating condition is not 
maintained, the ADC full scale distortion 
performance will suff er. 

Summary
Single ended to diff erential conversion of 
signals for interface to high-speed ADCs is 
a challenging task and should not be over-
looked when high performance is required. 
Th is application note has examined some 
of the considerations and challenges of the 
input signal interface and has introduced 
one of the National’s off erings (LMH6555) 
to alleviate this important task. Additional 
diff erential drivers intended for ADC 
interface include the LMH6550/51/52.  ■

 National Semiconductor
2900 Semiconductor Drive
Santa Clara, CA 95051
1 800 272 9959

Mailing Address:
PO Box 58090
Santa Clara, CA 95052

 © National Semiconductor Corporation, 2007. National Semiconductor, LMH, and      are registered trademarks and Analog Edge is a service mark of 

National Semiconductor Corporation. All other brand or product names are trademarks or registered trademarks of their respective holders.

 570259-011

For Additional Design Information

  edge.national.com

Figure 2. Setting the LMH6555 Gain while Maintaining Matched Input Impedance
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Claiming all the features necessary 
for developing reprogrammable-
microcontroller applications, Do-

main Technologies recently announced 
a development card for Actel (www.
actel.com) ProASIC3 FPGAs. Measuring 
only 2.4�1 in., the standard A3P-MRAM 
(magnetoresistive-random-access-mem-
ory)-1000 development card comes with 
an Actel A3P1000, 512 kbytes of 35-
nsec nonvolatile MRAM, and an onboard 
device programmer. The high-speed 
MRAM device stores both programs and 
data, eliminating the need for fl ash-pro-
gramming algorithms and boosting per-
formance.

You perform all FPGA-device program-
ming and software debugging of imple-
mented microcontroller designs through 
the A3P-MRAM’s built-in USB interface. 
The onboard device programmer is com-
patible with the STAPL (Standard Test and 
Programming Language) fi les generated 
by Actel’s Libero integrated development 
environment. You use the same onboard 
device programmer and mini-B USB inter-
face for accessing the A3P-MRAM’s on-

board JTAG emulator and debugger.
The A3P-MRAM-1000 sells for $750 

and is available from stock. For smaller de-
velopment applications, Domain Technolo-
gies offers a lower cost version with an 
installed Actel A3P250. The A3P-MRAM-
250 costs $640. The company ships each 
unit with stand-alone FPGA-device pro-
gramming software and a mini-B USB 
cable.—by Warren Webb
�Domain Technologies, www.
domaintec.com.

FPGA-development card 
includes RAM, programmer

EDITED BY FRAN GRANVILLE

“Sure, let’s wheel that 
oxy-acetylene torch 
over here and unsolder 
the PCB. ... And the en-
gineer was nitpicking 
about leakage in an 
LED-drive application? 
Duhhhh.”
—reader and Design Idea contributor 
Glen Chenier does some nitpicking of 
his own. Read more about it in EDN’s 
Feedback Loop at www.edn.com/
article/CA6466205.

FEEDBACK LOOP

INNOVATIONS & INNOVATORS

With built-in high-speed RAM and a device 
programmer, the A3P-MRAM-1000 offers 
designers a complete FPGA-development 
card in a 2.4�1-in. package.

With programmable-logic control-
lers, bar-code readers, scales, 
and similar data-acquisition and 

-control applications in mind, Sealevel 
Systems recently introduced the Comm
�16.PCIe (Peripheral Component Inter-
connect Express), the fi rst PCIe serial-I/O 
adapter with 16 high-speed RS-232 ports. 
Each serial port provides a maximum data 
rate of 460.8 kbps; 16C854 UARTs with 
128-byte FIFOs drive the ports, providing 
error-free operation in high-speed appli-
cations. The module comes with a 16-port 
fan-out cable with standard DB-25M or 
optional DB-9M connectors.

The Comm�16.PCIe has an operating 
range of 0 to 70�C and, like all Sealevel I/
O products, a lifetime warranty. The prod-
uct includes SeaCom software support for 
the Windows 98, ME, NT, 2000, XP, and 
Vista and the Linux operating systems. 
Customers also receive the WinSSD soft-
ware application for bit-error-rate testing, 
throughput monitoring, loop-back tests, 

and test-pattern-message generation. The 
standard price for the Comm�16.PCIe is 
$679, and it is now available.

—by Warren Webb
�Sealevel Systems Inc, www.sealevel.
com.

PCI Express board features 16 serial ports

The Comm�16.PCIe is the first PCIe 
serial-I/O adapter with 16 high-speed 
RS-232 ports and a maximum data rate of 
460.8 kbps.
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You don’t usually associ-
ate the word “fl exibility” 
with an EM (electro-

magnetic)-analysis tool, but the 
folks at AWR (Applied Wave 
Research) want to change that 
perception with the introduc-
tion of the Axiem EM-analysis 
tool. Axiem targets designers 
doing 3-D planar applications, 
such as RF PCBs (printed-
circuit boards) and modules, 
LTCC (low-temperature-co-
fired-ceramic) packages, 
MMICs (monolithic-microwave 
integrated circuits), and RF-IC 
designs. The tool will compete 
with EM solvers from Ansoft 
(www.ansoft.com), Eesof from 
Agilent (www.agilent.com), and 
others.

According to Sherry Hess, 
product-marketing manager at 
AWR, EM-analysis tools, even 
AWR’s own legacy EM simula-
tor, EMSPICE, which the com-
pany continues to support, 
have traditionally fallen into 
one of two bins: either accu-
rate but slow or inaccurate but 
speedy and with low dynam-
ic range. Most designers en-
counter design projects that 
require the positive attributes 
of both types of EM analyzers. 
Because no EM tool until now 
was both blazingly fast and ac-
curate, these designers often 
had to buy both types of tools. 
Axiem eliminates this need be-
cause it allows users to tune 

its runtimes and accuracy to 
suit their needs. The speedup 
is so signifi cant, Hess claims, 
that users will fi nd it useful for 
both design and postdesign 
analysis.

 To suit the tool for grow-
ing design complexities, AWR 
outfitted it with a new hy-
brid-meshing-solver technol-
ogy and built the tool from the 
ground up to run on multicore-
processing platforms. “Axiem 
is ‘open-boundary,’” says Hess. 
“It has hybrid meshing, is ex-
tremely fl exible, and will grow 
and expand as changes in IC 
and PCB modules take place. 
The more complicated designs 
get, the more designers will 
need the technology.”

Traditionally, fast EM-analy-
sis tools employ solvers based 
on a Sommerfeld integral 
equation to speed analysis, 
but the speed increase often 
comes at the expense of ac-
curacy and dynamic range, 
scaling up runtimes by a factor 
of three as design complexity 
increases. Axiem’s solver em-
ploys a fast multipole method 
that the company has tweaked 
for full-wave analysis. This ap-
proach essentially allows the 
tool to scale runtimes even 
faster as design complexity in-
creases, maintaining accuracy, 
and run analysis faster than 
older tools.

To perform EM analysis, 

tools traditionally divide 
a structure into smaller 
areas with meshes of recti-
linear shapes and then ana-
lyze those shapes and their 
relationships. But microwave 
and RF designs often include 
nonrectilinear structures, such 
as spiral inductors, that are dif-
fi cult to mesh and analyze. To 
combat this problem, EM-tool 
vendors have introduced tools 
that use a triangular mesh, 
which increases accuracy but 
lengthens runtimes. To get the 
best of both worlds, the hy-
brid-mesh system automati-
cally assigns rectilinear mesh 
to regular structures or regu-
lar parts of an irregular design 
feature and triangular mesh 
to any unique features, thus 
optimizing the runtime and 
accuracy of a simulation run. 
The tool automatically tweaks 
which features receive a recti-
linear mesh and which receive 

a triangular mesh. The tool’s 
meshing can also handle the 
increasing thickness and the 
width-to-height ratio of con-
ductors in newer process ge-
ometries, accounting for sili-
con irregularities on the X, Y, 
and Z axes. 

“With high-frequency ef-
fects, you typically have a lot 
of the information you have to 
capture before you can do ad-
ditional circuit simulation and 
harmonic-balance simulation, 
and it has to be accurate down 
to dc,” says Hess. “Our simula-
tor spans dc. You don’t have 
to do a dc simulation, then do 
high-frequency analysis, and 
then mathematically stitch 
these two together. The solver 
spans the full range.”

The tool takes advantage 
of computer systems em-
ploying multicore-processing 
technology, targeting use in 
quad-core processors. It also 
ties into AWR’s Ace technol-
ogy, in which all AWR tools 
run from a single data mod-
el, allowing all the tools in the 
AWR lineup to share design 
data. The tool links through 
Ace into OpenAccess so that 
it can share data with other 
third-party tools using Open-
Access. The company has not 
released any metrics of run-
time because the tool is still in 
beta production, but the com-
pany expects to have more 
data on the tool’s perform ance 
in the coming months. AWR 
plans to release the tool for 
mass distribution by the fi rst 
quarter of next year. The price 
for a single-user, node-locked, 
perpetual license, running on 
Microsoft operating systems, 
starts at $30,000.

—by Michael Santarini
�Applied Wave Research, 
www.appwave.com.
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AWR’s new EM simulator touts flexibility

DILBERT By Scott Adams 

Axiem’s 
solver 

employs a 
fast multipole 
method that 
the company 
has tweaked 
for full-wave 
analysis.
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Applications such as robotics, transportation,
pipelines, MIL/COTS, medical, security, 
machine control, and industrial automation 
that must work in harsh, demanding environ-
ments need WinSystems’ EBC-855.

This x86, PC-compatible SBC supports Linux 
and Windows® XP embedded and other 
popular RTOS along with popular video and
wired and wireless network standards.

• Intel® 1 GHz ZCD CPU or 1.8 GHz
Pentium® M with fan

• Intel® Extreme Graphics 2 technology 
supports CRT & LVDS flat panels simul-
taneously with dual independent display

• Custom splash screen on start up
• 10/100 Mbps Intel® Ethernet controller
• 802.11a/b/g wireless supported
• 4 serial COM ports and 4 USB 2.0 ports
• 48 bi-directional TTL digital I/O lines 
• Bi-directional LPT port 
• Two EIDE ports (UDMA100) for hard disk
• 3.5-in. floppy disk drive supported
• CompactFlash (CF) cards supported
• PC/104 and PC/104-Plus connectors
• Onboard AT keyboard and FDC controller
• AC97 six channel 5.1 surround sound
• +5 volt only operation
• EBX-size: 5.75” x 8.0” (146mm x 203mm)
• Industrial temperature operation
• Long-term product availability
• Quick Start kits for software development
• Off-the-shelf delivery

Contact us for additional information or OEM
pricing.  Our factory application engineers look
forward to working  with you.

-40o to +70oC Fanless
1GHz Industrial SBC.
List Price $595

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

TM

Call 817-274-7553 or Visit 
www.winsystems.com/EBC-855
Ask about our 30-day 
product evaluation
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Agilent Technologies is 
expanding its line of 
handheld DMMs (digi-

tal multimeters) with the an-
nouncement of the U1240A 
Series, which provides func-
tions suiting installation and 
maintenance applications. The 
new DMMs allow engineers 
and fi eld and facilities techni-
cians to measure more than 
just voltage, current, and resis-
tance. For instance, users can 
observe open- and closed-
switch behaviors in the pres-
ence of intermittent signals 
and, with the DMMs’ dual- and 
differential-temperature capa-
bilities, can easily gauge re-
frigeration-system efficiency 
and the extent of transform-
er heating. Coupled with the 
microampere-measurement 
function, the dual-tempera-
ture-measurement capability 
is handy for troubleshooting 
HVAC (heating/ventilation/
air-conditioning) equipment 
and sensors.

When maintaining ac mo-
tors or troubleshooting circuit 
breakers that trip prematurely, 
the U1240A Series helps us-
ers quickly verify the presence 
of harmonics that may have 
caused device overheating. 
With their internal memory, the 

DMMs let users conveniently 
collect data on the go for later 
analysis. “With the addition of 
the U1240A Series, we now of-
fer a wider selection to fi t cus-
tomers’ applications and bud-
gets across electronics trou-
bleshooting, installation, and 
maintenance,” says Ee Huei 
Sin, vice president and general 
manager of Agilent’s Basic In-
struments Division. “This series 
also reaffi rms our commitment 
to equip customers with not 
only the essential features of a 
handheld DMM, but also extra 
capabilities that help them do 
more quick checks in a wider 
range of situations.”

The series comprises mod-
els U1241A and U1242A, 
which provide a range of 
meas urement functions, in-
cluding voltage, capacitance, 
and temperature. Key features 
include 10,000-count resolu-
tion, dual displays, a dual-in-
tensity backlight, harmonic ra-
tio, a switch counter, and data 
logging. The units also meas-
ure resistance to 100 M� and 
currents as small as 100 nA. 
Prices start at $200.

—by Dan Strassberg
�Agilent Technologies, 
www.agilent.com/fi nd/
U1240A_pr.
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SMART, SMALL FAN CONTROLLERS 
AND TEMPERATURE MONITORS 
SUPPORT PCs, EMBEDDED 
SYSTEMS

10
.1

1.
0710,000-count, handheld 

DMMs simplify installation and 
maintenance applications

The U1240A Series 
DMMs, whose features 
include dual displays and 
a dual-intensity backlight, 
can operate from either 
standard alkaline batteries 
or rechargeable batteries. 
Some of the manufactur-
er’s handheld units even 
allow you to recharge the 
batteries while they remain 
inside the instrument.

As power density increases in workstations and embed-
ded systems, system controllers require more sophisti-
cated temperature-control and device-monitoring capa-
bilities. Addressing those needs, SMSC has introduced 
the EMC1046/47 and EMC1428 SMBus-temperature 
monitors and the EMC2103/4/5/6 family of fan control-
lers. Both product families incorporate the company’s 
three proprietary high-accuracy measurement tech-
niques—automatic beta compensation, antiparallel-diode 
technology, and resistance-error correction—to ensure 
1�C accuracy.

Traditional temperature sensors require transistors 
with a flat gain, or “beta.” However, at 45-nm geometry, 
transistor beta varies nonlinearly with the transistor’s 
collector current, thus varying temperature accuracy. 
SMSC’s automatic-beta-compensation method relies on 
measuring high and low collector currents it injects into 
the measurement transistor. This method meets transis-
tor-model-measurement standards that Intel (www.intel.
com) requires for its systems based on 45-nm and small-
er technologies. The second technique, antiparallel-di-
ode technology, allows you to measure multiple remote 
diodes with just two pins. The third technique addresses 
the fact that substrate diodes and board traces add se-
ries resistance. SMSC’s resistance-error-correction tech-
nology compensates for this resistance without the need 
for measuring the traces and calculating compensation.

In addition to these techniques, the EMC2103/4/5/6 
family of fan controllers uses closed-loop-rpm fan con-
trol with look-up tables to offload fan control from the 
system controller. Measuring the fan speed within a 
closed loop allows you to meet fan-control setpoints 
with 5% or better accuracy and maintain those setpoints 
over the life of the product. This feature is essential be-
cause an aging fan changes its response to a given drive 
signal over time. The EMC2105 and EMC2106 incorpo-
rate linear fan drivers that integrate the FET from the 
system and can drive as much as 600 mA. The EMC2103 
and EMC2105 target use in one-fan systems, and the 
EMC2104 and EMC2106 can drive two fans by apply-
ing a second PWM (pulse-width-modulation) signal. An 
EEPROM can configure these fan controllers for systems 
without a host controller.

The EMC210x family ranges in price from $1.20 to 
$1.80 each, and SMBus-temperature sensors range in 
price from $1 to $1.40 (10,000) each.—by Margery Conner
�SMSC, www.smsc.com.
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Fluke Corp, a leading sup-
plier of handheld elec-
tronic test-and-meas-

urement instruments, has 
announced two 50,000-count, 
true-rms, logging multimeters 
that feature TrendCapture: the 
$499.95 model 287 for elec-
tronics professionals and the 
$529.95 model 289 for indus-
trial applications. Both units 
feature 3.5-in., 320�240-pixel 
graphical displays with switch-
able white backlighting. Both 
also feature a logging function 
with expanded memory that 
stores as many as 10,000 read-
ings for unattended monitoring 
of signals over time. Using the 
built-in TrendCapture capabil-
ity, you can save multiple log-
ging sessions and review the 
logged readings in graphical 
format directly on the meter 
display before you download 
the data to a PC.

For accurate measurement 
of complex signals, both the 
287 and 289 make 100-kHz-
bandwidth, true-rms voltage 
and current measurements. 
For ease of use, the units 
include built-in context-sen-
sitive help screens; multiple 
save options; and automatic 
time stamping, which facili-
tates convenient recall of meas-
urements. The 287 exhibits 
0.025% maximum basic-dc 
error and includes a tempera-
ture-measurement function. 
Both units provide a 50,000-
�F-capacitance range, offer 
peak capture to record tran-
sients as brief as 250 �sec, 
and can measure currents as 
great as 10A (20A for 30 sec). 
Both units also provide a rela-
tive mode that removes test-
lead resistance from low-resis-

tance and capacitance meas-
urements.

The 289 has a two-terminal, 
50� range with 1-m� resolu-
tion and 10-mA source current. 
This range is useful for measur-
ing and comparing differences 
in motor-winding- and contact 
resistance. The 289 features 
a lowpass fi lter for accurate 
voltage and frequency mea-
surements on adjustable-
speed motor drives and other 
electrically noisy equipment. 
It also features a low-imped-
ance voltage function that 
eliminates ghost voltages and 
facilitates testing for the pres-
ence of live circuits. The meter, 

which complies with sec-
ond-edition IEC (International 
Electrotechnical Commission) 
and ANSI (American National 
Standards Institute) electrical-
safety standards, withstands 
the 8000V spikes that load 
switching and industrial-circuit 
faults cause.

—by Dan Strassberg
�Fluke Corp, www.fl uke.
com.

Supercapacitors combine 
the energy-storage ca-
pability of batteries with 

the rapid charge and discharge 
times of capacitors. They are 
good matches for applications 
with periodic pulsed loads that 
draw greater power than a 
battery can provide, such as 
LED fl ashes, auto focus mo-
tor drives for cameras, and 
cell-phone audio. Cap-xx has 
introduced the high-tempera-
ture HS and HW lines of su-
percapacitors that bump up the 
operating voltage from 4.5 to 
5.5V and extend the operating 
and storage temperature from 
75 to 85�C. Tolerance of high 
temperatures is important in 
supercapacitors for consumer 
electronics, such as those in 
vehicles sitting in direct sun-
light or next to a heat-produc-
ing component, such as an RF 

power amp. Power densities 
are as high as 71.5 kW/l, and 
energy densities are as high as 
1.5 Whr/l.

The HW series has a foot-
print of 28.5�17 mm, a height 
of 0.9  to 2.90 mm, capaci-
tance as great as 0.4F at 5.5V, 
and ESR (equivalent-series 
resistance) as low as 110 m� 
at 5.5V. The HS series has a 
footprint of 39�17 mm, ca-
pacitance as great as 0.7F, 
and an ESR as low as 55 m� 
at 5.5V. 

You can solder or ultrasoni-
cally weld the low-profi le, pris-
matic packages to pads on a 
PCB (printed-circuit board). 
Pulse current for a single pulse 
is 20A; rms current is 4A. Pric-
es start at less than $2 each 
(production quantities).

—by Margery Conner
�Cap-xx, www.cap-xx.com.
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Nanotech supercapacitors up 
voltage, operating temperature

Cap-xx’s new HS and HW 
lines of supercapacitors fea-
ture an operating-temperature 
range of �40 to �85�C and 
an operating voltage of 5.5V.

Handheld, 50,000-count, true-rms DMMs 
capture trends, offer built-in help displays, 
other advanced features

A 320�240-pixel backlit LCD 
enables the model 289 to 
simul taneously and clearly dis-
play the most recent measure-
ment as well as the maximum, 
minimum, and average values 
of a series of measurements.
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The highest performance RF amplifi ers.
Across the signal chain, analog is everywhere.

www.analog.com/rfamps-ad

LNAs, IFAs, Gain Blocks, Drivers: Fully Specifi ed for 
Performance-Driven Applications
Introducing four new RF amplifi er families engineered for telecommunica-
tions infrastructure and other demanding wireless applications. Each family 
member is fully specifi ed over frequency, temperature, and supply voltage 
to minimize the need for extensive device characterization.

All of our new RF amplifi ers offer unique performance advantages, such 
as higher linearity, lower noise, and lower supply current. Many also offer 
additional features, such as internal active bias, internal matching, ESD 
protection, and some dual confi gurations. Analog Devices offers high per-
formance RF ICs across the entire signal chain, simplifying the development 
and supply chain process while accelerating time-to-market. 

Analog Devices’ RF amplifi er portfolio provides best-in-class performance, 
integration, and price. For more information about these new RF amps, 
as well as ADI’s other solutions for RF designs, call 1-800-AnalogD or visit 
www.analog.com/rfamps-ad.

RF amplifi ers available in 8-lead LFCSP, 16-lead LFCSP, and SOT-89 
packages—from 6 mm2  to 16 mm2—with single/dual options

Low Noise Amplifiers (LNA)
Part 
Number

Freq Range 
(MHz)

Gain 
(dB)

OIP3
(dBm)

P1dB 
(dBm)

NF
(dB)

Current 
(mA)

Specs @ 
(MHz)

Price

ADL5521 400 to 4000 15.3 35.3 22.5 0.8 65 1950 $2.15

ADL5523 400 to 4000 17.5 33.7 21.9 1.0 65 1950 $2.15

Intermediate Frequency Amplifiers (IFA)
Part 
Number

Freq Range 
(MHz)

Gain 
(dB)

OIP3
(dBm)

P1dB 
(dBm)

NF
(dB)

Current 
(mA)

Specs @ 
(MHz)

Price

ADL5530* DC to 1000 16.8 37.0 21.8 3.0 110 190 $1.56

ADL5531 20 to 500 20.3 40.9 20.7 2.7 101 190 $2.25

ADL5532 20 to 500 16.1 39.1 19.7 3.0 95 70 $2.25

ADL5533 
(75 Ω)

30 to 1000 19.8 37.3 18.7 2.9 66 70 $2.55

ADL5534 
(Dual)

20 to 500 19.8 41.8 20.0 2.5 90 70 $3.29

Gain Blocks
Part 
Number

Freq Range 
(MHz)

Gain 
(dB)

OIP3
(dBm)

P1dB 
(dBm)

NF
(dB)

Current 
(mA)

Specs @ 
(MHz)

Price

AD8353* 1 to 2700 19.5 22.8 8.3 5.6 42 900 $0.48

AD8354* 1 to 2700 19.5 19.3 4.8 4.4 25 900 $0.48

ADL5541 50 to 6000 14.7 39.2 16.3 3.8 92 2000 $1.65

ADL5542 50 to 6000 18.7 39.0 18.0 3.2 92 2000 $1.65

Driver Amplifiers
Part 
Number

Freq Range 
(MHz)

Gain 
(dB)

OIP3
(dBm)

P1dB 
(dBm)

NF
(dB)

Current 
(mA)

Specs @ 
(MHz)

Price

ADL5320 400 to 2700 13.7 42.0 25.6 4.2 104 2140 $2.55

ADL5322 700 to 1000 19.9 45.3 27.9 5.0 320 900 $3.48

ADL5323 1700 to 2400 19.5 43.5 28.0 5.0 320 2140 $3.48

*3 V bias is also supported.
All prices shown are $U.S. in 1k quantities unless otherwise noted.
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Researchers at IBM have 
demonstrated logic 
switching among single 

molecules in a stable structure 
that better suits circuit con-
struction than earlier molecu-
lar switches. The technique 
employs the probe of a low-
temperature, scanning, tun-
neling microscope to induce a 

voltage pulse in a molecule of 
naphthalocyanine. The voltage 
pulse impels two hydrogen 
atoms within the molecule to 
change position, thus turning 
the switch on or off.

Research teams at IBM 
and elsewhere have previ-
ously demonstrated molecular 
switches. But those devices 

employed complex 3-D mole-
cules that changed their shape 
when switching, making them 
ill-suited to serve as circuit-
building blocks, according to 
the researchers. The molecular 
“frame” in the IBM technique, 
by contrast, maintains its shape 
and stability, which should make 
it easier to arrange the mol-
ecules on a surface and cou-
ple them in a controlled way. 
For its next trick, the research 
team plans to build a series of 
such molecules into a circuit 
and then move on to network-
ing such circuits together into 
molecular chips.

As often happens in science, 
the discovery emerged at least 
partially by accident, thereby 
underscoring the need for 
ongoing basic research. The 
researchers started working 
with naphthalocyanine to study 
molecular vibrations in general. 
When they noticed with sur-
prise that the molecule’s prop-
erties made it intriguing as a 
molecular switch, they shifted 
the focus of their work.
�IBM Research, www.
research.ibm.com.
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NIST (National Institute of 
Standards and Technology) 
has reported that the length of 
SWCNTs (single-walled carbon 
nanotubes) has a signifi cant 
impact on their optical proper-
ties, including absorption, 
near-infrared fl uorescence, 
and resonance Raman scat-
tering. (In this phenomenon, 
when light passes through a 
transparent sample, a fraction 
of the light scatters in all 
directions. Most of the scat-
tered photons are of the same 
wavelength of the incident 
light. However, in Raman scat-
tering, a small fraction of the 
scattered light has a different 
wavelength.) Researchers typi-
cally consider such properties 
to be constants when working 
with materials at conventional 
scales, but NIST’s close exami-
nation of 50- to 500-nm-long 
nanotubes revealed length-
driven variability that may arise 
from quantum physical effects. 
That variability could prove 
useful when it comes to build-
ing SWCNTs into applications 
such as tiny optical sensors 
and biological probes, accord-
ing to the scientists.
�National Institute of 
Standards and Technology, 
www.nist.gov.

IBM claims single-
molecule logic switching

In an IBM-developed process, 
a tunneling-microscope probe 
impels hydrogen atoms within 
an organic molecule to switch 
places, thus switching from 
logic one to logic zero or vice 
versa.

BY MATTHEW MILLER

    RESEARCH UPDATE

THERMOCHEMICAL PROCESS YIELDS NANOSCALE LITHOGRAPHY
10

.1
1.

07

Size matters, even 
in nanometers

A schematic view of the organic molecule before (left) and after 
switching (right) shows how the positions of the two hydrogen 
atoms change while the rest of the molecular frame remains 
unperturbed.

Researchers at the Geor-
gia Institute of Technology 
have developed what they 
claim is a fast, reliable, en-
vironmentally flexible, com-
mercially viable way of cre-
ating nanoscale structures. 
The technique, TCNL (ther-
mochemical nanolithogra-
phy), employs the heated 
tip of an atomic-force mi-
croscope to induce a chem-
ical reaction on the surface 

of a thin polymer film. The 
reaction changes the film 
from a hydrophobic to a 
hydrophilic substance—en-
abling the researchers to 
subsequently attach mate-
rials such as metal ions to 
the heat-exposed regions.

The method can write at 
speeds of millimeters per 
second, orders of mag-
nitude faster than the 
0.0001 mm/sec of dip-pen 

litho graphy, in which a 
microscope probe depos-
its material on a surface. 
Moreover, TCNL can func-
tion outside a vacuum and 
should scale easily using 
arrays of atomic-force-mi-
croscope tips.

To see TCNL in action, 
go to www.edn.com/
071011ru1.
�Georgia Institute of Tech-
nology, www.gatech.edu.

The Georgia Institute of 
Technology researchers 
show their school spirit by 
using thermochemical nano-
lithography to write on a 
polymer film.
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We measure portable performance in �A and MHz.
In handheld designs, analog is everywhere.

Application-engineered ICs simplify 
and accelerate your design
Handheld designs are challenging. Reduced power, smaller 
packaging, and lower costs drive every design, yet the demands
on performance are increasing. You also need to get to market
fast, with leading IC components from a supplier you can trust.
You need Analog Devices.

• ADI ICs deliver industry-leading performance and value per 
�A of current, MHz of speed, and mm2 of space. These 
attributes translate into better quality video, higher fidelity 
audio, improved reception—features that deliver a better 
user experience.

• Our broad portfolio of application-tuned Blackfin® Processors
and analog ICs offers smarter integration and more system-
level solutions on-chip—features that minimize size, cost,
and power while delivering a better design experience.

For more information about our ICs optimized for digital 
cameras, portable media players, handsets, and other portable
designs, please visit www.analog.com/HandheldDesignICs or
call 1-800-AnalogD.

www.analog.com/HandheldDesignICs

Audio

Class-D Amplifier SSM2301 Low EMI, low THD

Microphone
Preamplifier

AD8692 0.003% THD + N

Speaker/
Headphone Amplifier

SSM2211
Superior THD in low 
voltage applications

Imaging
Camera Lens Drivers AD5821, AD5398

Voice coil motor 
driver in WLCSP and LFCSP

Digital Still Camera AD9970
65 MSPS LVDS AFE,
25 mm2 package

Motion Sensing
iMEMS® Motion
Sensors

ADXL32x, ADXL330
2- and 3-axis low-g
accelerometers

Power

White LED 
Flash Driver

ADP1653
500 mA programmable 
current boost

Switching Regulator ADP2102
600 mA, 3 MHz,
synchronous 95% efficiency

Touch Control
Capacitance-to-
Digital Converters

AD7142, AD7143,
AD7147

Adaptive environmental 
control

Video

HDMI Interface AD9387NK
1080i on 1.8 V 
single supply

Mobile TV Tuner ITD2010
Low power,
single-chip solution

Video Encoder ADV7390
Low power, oversampling 
for all standards

Video Filter/Buffer ADA4431-1
Integrated charge 
pump and load detect

Video Operational
Amplifier

ADA4853-1 Ultralow power disable

Wireless
Communication

SoftFone® 3G
Baseband Processors

AD6902, AD6903
Support W-CDMA and 
TD-SCDMA standards

SoftFone GPRS/EDGE
Baseband Processors

AD6900, AD6722
DSP, analog, audio,
power management

Othello® 3G Radio
Transceiver

AD6551
CMOS direct conversion 
architecture

Othello GPRS/EDGE
Radio Transceivers

AD6548, AD6546
Direct conversion 
architecture for low cost

ADI Products Optimized for Handheld Designs
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Begin by selecting an instrument 
with a proper bandwidth. If the band-
width is too low, measured edge rates 
appear slow. Slower edge rates more 
efficiently convert amplitude noise in-
to timing errors. An excessively high 
bandwidth, however, only raises the 
noise floor by increasing the thermal 
and shot noise in the measurement. A 
bandwidth of 1.8 times the bit rate is a 
good rule of thumb for NRZ (non-re-
turn-to-zero) data.

Next, set the sampling rate high 
enough to avoid aliasing effects from 
undersampling. In theory, the sam-
pling rate must be at least twice the 
highest fundamental frequency in the 
signal. In practice, analog-signal-con-
ditioning and data-conversion pro-
cesses inherent in the acquisition use 
additional bandwidth, such that oscil-
loscopes realistically need a minimum 
sampling rate of 2.5 to three times this 
frequency. Oscilloscope manufactur-

ers therefore ship instruments with 
bandwidth-to-sampling-rate ratios of 
approximately 1-to-3.

Maximizing the instrument’s verti-
cal resolution is critical for minimiz-
ing ADC quantization error. Adjust 
the volts-per-division knob until the 
image just fills the vertical height of 
the display. Overfilling the display 
saturates the ADC converter, where-
as underfilling it reduces SNR (signal-
to-noise ratio). Figure 1 shows how 
this simple adjustment can dramati-
cally improve measurement results.

The timebase setting is also impor-
tant to consider when measuring TIE 
(time-interval-error) jitter, because 
this setting acts as an adjustable high-
pass jitter filter. The timebase sets the 
lowest TIE frequency that the mea-
surement captures. (The oscilloscope’s 
bandwidth sets the highest jitter fre-
quency.)

Also, make sure to test with data 
patterns containing a suitable range 
of frequency content. And, test using 
data patterns with realistic frequency 
content. When using PRBS (pseudo-
random-bit-sequence) patterns, use 
pattern lengths long enough to cap-
ture low-frequency effects but short 
enough for the instrument’s memory 
depth to fully capture them.

Always minimize the delay between 
the trigger and first sampled data point. 
After the signal is triggered, the timing 
uncertainty is proportional to how long 
the timebase waits before sampling the 
data. Reducing this delay minimizes 
this timing uncertainty, thereby lower-
ing the measured jitter value.

Avoid oscilloscope modes that av-
erage the waveform, select sin(x)/x 
interpolation between data points, 
and use fast triggers with large ampli-
tudes. Finally, set the trigger voltage 
to agree with the real system’s receiver 
threshold voltage if you know it; oth-
erwise, set it to the waveform’s 50% 
level.EDN

Gary Giust, PhD, is a marketing manag-
er at PhaseLink Corp. He also conducts 
seminars through JitterTime Consulting. 
Contact him at garyg@phaselink.com.

BY GARY GIUST, PHD

Setting up your oscilloscope 
to measure jitter

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

 H
alf the battle in measuring jitter is simply setting up the 
oscilloscope. The goal here is to capture and display the 
signal as it would appear in its system environment. Be-
cause real-time oscilloscopes are workhorses in any labo-
ratory, it’s important to know how to get the most out of 
them. Jitter measurements are particularly sensitive to 

their environment. Consider some ways of optimizing this environment 
for measuring all types of jitter.

Jitter 0.5V/div 0.15V/div Reduction (%)
Time-
interval
error

59 39 34

Period
jitter

75 41 45

Cycle-to-
cycle
jitter

137 72 48

Note: Measure jitter in peak-to-peak picoseconds.

Figure 1 Changing the vertical resolu-
tion for this 100-MHz 1V p-p signal from 
0.5V/division (left) to 0.15V/division (right) 
dramatically improves the measured jitter 
by reducing ADC quantization errors.
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Freescale™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners.
©Freescale Semiconductor, Inc. 2007.

It helps Whirlpool make
the world a cleaner and
greener place.

Sometimes conserving can be made easy. To create innovative washers and dryers that
make saving water and energy simple, Whirlpool looks to Freescale. The industry-leading
programming speed and powerful design aids of Freescale microcontrollers help create
sophisticated electronic systems that conveniently control resource usage, while getting
our clothes impressively clean. Just one of the ways Freescale and Whirlpool make a
load of laundry less of a load on the earth. freescale.com/smarter

Whirlpool® Duet® washer and dryer 
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“A predictable supply of power, protected 

from faults, is an essential ingredient of an efficient,

sustainable, manufacturing process.”
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Control
the future

Welcome to a new era of Electronic Circuit

Control Technology from E-T-A.  

A new reality that's driven by the need to develop 
innovative circuit protection ideas for the future.

Where multi-tasking electronic circuit control 
configurations seamlessly monitor and limit current
flow during circuit overloads. Design engineers
program breaker trip points to meet their specific
applications. Sensing circuits feed voltage values,
current flow, and circuit status back to central PLC’s.

Incorporating these core abilities into your designs
will result in enhanced reliability and flexibility
throughout the life of the system.

With E-T-A the future looks “smart”.

For more information go to:
www.e-t-a.com/future
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High Performance Analog

Intersil Real-Time Clocks

A Clock You Can’t Do Without.

Real-Time Clock with unique ID 
saves cost and board space.

Intersil’s ISL12025 is the only RTC with 4k-bits of EEPROM and 
embedded 64-bit unique ID that combines on-chip oscillator 

compensation and CPU supervisory functions. 

On-Chip Oscillator Compensation
• -64ppm to +110ppm frequency trimming range
•  Internal feedback resistor and compensation capacitors
•  64-position digitally controlled trim capacitor
•  Six digital frequency adjustment settings to ±30ppm

CPU Supervisory 
Function (ISL12025)
• Five selectable
 VTRIP levels from 
 2.63V to 4.64V

Integrated 512 x 8-bit
• 16-byte page write modes (32 total pages)
•  Eight modes of BlockLock™ protection
•  >2,000,000 write cycle and 50 years
 endurance reliability

Real-Time Clock/Calendar
• Tracks time in hours,
 minutes, and seconds
•  Day of the week, day,  
 month, and year

Automatic backup to 
battery or SuperCap

Unique ID
• Factory-programmed 64-bit unique ID
 that can be read via I2C. Tamper-proof
 with no write access.
•  Ideal for security-related and warranty-
 tracking applications.

Intersil – Amplify your performance with advanced signal processing.
©2007 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design).

Go to www.intersil.com for samples, datasheets and support
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To understand the impact that 4G is 
likely to have upon SOC design, you 
have to dig a little bit into just what 
people mean by the term, understand 
some of the computing challenges in-
volved in supporting the service, and 
hear from some system architects on 
how they are approaching these chal-
lenges.

Many of the differences of opinion 
about the impact of 4G come from a 
single source: the lack of a clear defi-
nition. “You have to start with defini-
tions,” warns Bill Krenik, Texas Instru-
ments’ chief technology officer for wire-
less, “because all the controversy and 

confusion surrounding the term have 
left it meaning very little.”

Many people, Krenik says, think of 
4G in terms of a new world of ubiqui-
tous wireless connectivity—really any-
where, all the time—and in terms of 
the interactive, location-based, and me-
dia-rich services that such connectivity 
can support. Imagine walking down the 
street in an unfamiliar town, holding up 
your handset, and seeing it continuous-
ly display a real-time moving image of 
the street in front of you with map data, 
labels on buildings and sites of interest, 
paths to possible destinations, and loca-
tions of persons in your address file as 

you walk. Or imagine that same hand-
set turning the streets of the town into a 
multiplayer video game, complete with 
avatars for other players, 3-D images of 
aliens and weapons, and realistic ren-
dering of the damage resulting from the 
virtual battle.

Others—who have to implement 
the underlying systems—often see 4G 
in more concrete terms. “Within TI, 
we don’t try to have a dogmatic defi-
nition of what 4G is,” Krenik explains. 
“Instead, we refer to the actual tech-
nologies by name: HSPA� [high-speed 
packet access plus], WiMax, LTE [long-
term evolution]. Until 3G Americas 
comes up with a standard, everything 
else is just opinion,” he continues, refer-
ring to an organization whose mission 
is to promote the deployment of GSM 
(Global System for Mobile) communi-
cations and its evolution to 3G.

Still other engineers take a more 
quantitative view. Paralleling 3GPP’s 
(Third Generation Partnership Proj-
ect’s) approach in defining LTE, these 
engineers frame 4G as “100-Mbps-peak 
throughput for mobile devices and 1-

4G wireless: 
EVOLUTION OR WATERSHED 
IN SOC ARCHITECTURES?

THE NEXT STEP 
IN WIRELESS TECHNOLOGY 
COULD PROVE THE TIPPING POINT 
FOR MULTICORE EMBEDDED PROCESSING.

BY RON WILSON • EXECUTIVE EDITOR

 T
he almost-mythological fourth generation of 
wireless service—4G—could be the fountain-
head of an entirely new way of thinking about 
SOC (system-on-chip) architectures. Or it could 
drive a simple evolution of today’s baseband wire-
less ICs. It could lead to entirely new kinds of 
mobile services for consumer clients. Or it could 
simply handle your e-mail attachments better. It 
could be a massive engineering challenge strug-

gling into reality in 2015. Or it could happen in a couple of years.
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Gbps peak for nomadic devices such as 
notebook computers,” says Alan Brown, 
a senior radio-product manager at Nokia 
Siemens Networks. Each of these per-
spectives leads to a different set of ex-
pectations for the baseband SOC that 
will implement the 4G handset.

EVOLVING A BASEBAND SOC
Start with the simplest set of expecta-

tions—those that LTE envisions—that 
the mobile device will somehow achieve 
a downlink peak data rate of at least 
100 Mbps. “This [situation] leads to a 
baseband that is functionally no differ-
ent from what we use today for UMTS 
[Universal Mobile Telecommunications 
System],” says Freescale Semiconductor 
Vice President and Senior Fellow Ken 
Hansen. Blocks include hardware accel-
erators for sample-rate functions, a CPU 
core to execute the MAC (media-access 
controller), a security engine, and a host 
interface.

At sample rate, data coming from the 
radio goes through analog-to-digital con-
version, through some front-end digital 
processing, and into an FFT (fast-Fouri-
er-transform) engine that separates the 

OFDM (orthogonal-frequency-division-
multiplexed) signal into its many con-
stituent frequency bands. The frequen-
cy-domain signal then goes through fur-
ther digital conditioning and into a de-
tector—not unlike the read channel in 
a disk drive—that decodes the 64 QAM 
(quadrature-amplitude-modulation) sig-
nal on each of the carriers, producing 
a symbol from each active carrier. The 
symbols go through turbo decoding for 
decompression.

The difference between 3G and 4G 
in this architecture is a difference of 

quantity, not kind. “In 3G, we extract 
about 1 bps per hertz of bandwidth,” 
points out Peter Carson, senior director 
of product management at Qualcomm 
CDMA Technologies. “To achieve 100-
Mbps throughput, a 4G baseband would 
have to do significantly better than 
that: at least 3 or 4 bps per hertz, over a 
much wider band.”

In practice, this situation means many 
more carrier frequencies spread over 
a 20-MHz channel, compared, for in-
stance, with the 5-MHz channel that 
UMTS 900 uses. It may also mean using 
multiple antennas in a MIMO (multiple-
input/multiple-output) configuration. 
Today, MIMO configurations most of-
ten see use in channel equalization: You 
find a way to combine the signals from 
the two antennas to get the best possible 
reception. But 4G has something else in 
mind: using beam-forming algorithms to 
in effect make each pair of a base-station 
antenna and a receiver antenna into a 
separate channel, thus multiplying the 
effective bandwidth. “With multiple re-
ceivers, research has demonstrated, you 
can get about 1.75 times the data rate 
with two antennas,” Hansen says.
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Figure 1 Infineon’s vision of a downlink receiver for LTE shows the complexity of dealing with even two-antenna MIMO.
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AT A  G LAN CE
Fourth-generation wireless ser-

vice, or 4G, means different things 
to different people.

Designers can achieve halfway 
measures with current chip archi-
tectures.

Cost and energy constraints will 
eventually force some architectural 
innovation.

The 4G that application develop-
ers dream of may require the use of 
radical architectures.

�
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All of this capability requires silicon. 
The higher sample rate and wider chan-
nel mean a bigger, more power-hungry 
ADC and a faster, wider FFT engine. 
But the big hit comes from the need to 
provide for a 100-Mbps-peak through-
put, which means faster symbol-rate 
processors, a lot more memory, and a 
faster processor for the MAC. “We are 
looking at 10 times the data rate coming 
into the MAC, with one-tenth the al-
lowable latency on some transactions,” 
Hansen says. “But for power reasons, the 
MAC hardware has to run at a frequen-
cy much lower than the bit rate. This 
[problem] is interesting.”

Qualcomm’s Carson agrees. “Peak da-
ta rate turns directly into die size. One 
thing architects will have to ask them-
selves is whether the specified peak data 
rate and the die size it requires will be 
justified in the average data rate the net-
work will actually deliver.”

Given sufficient insensitivity to chip 
cost, the baseband architecture for this 
rate can be evolutionary. Carson says 
that Qualcomm’s current Snapdragon 
architecture is still perfectly manageable 
extended to 30- to 40-Mbps-peak data 
rates. That speed doesn’t meet the LTE 
specification, but LTE will come later—
some call it late-term evolution—possi-
bly allowing time for 32-nm CMOS to 
once again bail out the architects.

NONEVOLUTIONARY DESIGN
One of the first challenges to evo-

lutionary architecture will come from 
MIMO. “MIMO is used to improve the 
quality of the wireless link,” explains 
Thuyen Le, PhD, of the Feature Phone 
Business Unit, Communication Business 
Group of Infineon Technologies AG. 
“One idea is to use it for transmitter and 
receiver diversity to combat fading. The 
other idea is to exploit fading for spatial 
multiplexing, which then allows trans-
mitting independent data streams over 
the multiple transmitting antennas at 
the same time, hence increasing the user 
data rate. That [idea], however, depends 
on how well-conditioned the channel 
matrix is. So, my take is that MIMO is 
necessary to achieve high data rates, in 
light of both ideas.”

When air-interface designers shift 
from using a pair of receiving antennas to 
improve channel equalization to actually 

creating multiple channels through spa-
tial-division multiplexing, the amount of 
duplicate hardware in the radio rises dra-
matically. Each antenna needs its own 
analog front end and digital front end, 
and the radio also needs either replica-
tion or increased throughput for much 
of the digital baseband (Figure 1). This 
requirement in itself does not mandate 
architectural innovation—just more of 
the same—but then there is the matter 
of power.

A limiting factor in any 4G architec-
ture is that the radio must handle 10 
times the peak data rate at a fraction 
of current energy consumption to make 
room for the dramatic increase in ap-
plication-level processing energy. Will 
Strauss, president of research compa-
ny Forward Concepts, estimates that a 
4G handset will eventually require 100 
times the computing power of a current 
3G offering. “Everyone’s great hope is 
32-nm processes,” Strauss observes, “but 
the reality is that energy consumption 
isn’t going down that much with new 
processes. What you gain in dynamic 
power you give back in leakage power. 
It may come down to finding novel ar-
chitectures and power-management 
schemes or carrying a battery on your 
back for the handset.”

Another factor drives consideration 
of novel architectures, as well. It is the 
previously mentioned disparity between 
simply stating a peak data rate, as the 

LTE specification does, and envisioning 
a new manner of using mobile devices, 
as do many of the visionaries who are 
evangelizing 4G to investors.

IMAGINING THE FUTURE
“It’s true there is no clear definition 

of 4G,” says Liesbet Van der Perre, sci-
ence director at IMEC (Interuniver-
sity Microelectronics Center). “But I 
believe we should be talking of a het-
erogeneous network supporting much 
higher mobility and data rates than are 
currently possible. Today, if you are tru-
ly mobile, you will see less than 2 Mbps, 
but 4G should mean 10 to 20 Mbps of 
real throughput. At least 10 Mbits sus-
tained—not peak—is essential for good 
video, for instance. One of the disap-
pointments of 3G is that it could not 
deliver the sustained data rate for good 
video.”

Van der Perre and other researchers 
describe an environment far more dy-
namic than anything that today’s wire-
less networks can realize. “Today, a 
handset-silicon vendor faces something 
like 30 air interfaces, multiple noncon-
tiguous channels, and many very dif-
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ferent services running simultaneous-
ly,” she observes. But the fact that one 
phone from one vendor supports only a 
small subset of this cacophony simplifies 
much of this complexity.

In the future, to ensure both suffi-
cient sustained bandwidth—think of 
that real-time video aligned to the mov-
ing handset’s location and orientation—
and sufficient energy efficiency—always 
choosing only just enough bandwidth 
and coding strength for the current task 
mix—a mobile device may be in con-
tinuous negotiation with a number of 
vendors, using a number of air interfaces 
from a number of base-station sites all 
at once (Figure 2). Bursts of data, vid-
eo streams, control information, and a 
return channel from the keyboard and 
camera may all be traveling over differ-
ent services and may switch in real time. 
For instance, holding the camera still al-
lows the motion compensation in H.264 
to drastically reduce the bit rate neces-
sary to link the camera to a game-server 
farm. This action thus allows the radio 
controller to select an air interface with 
a lower bit rate.

In this world view, using today’s hard-
ware-processing pipelines with dedi-
cated blocks is an intermediate option, 
Van der Perre says. She sees modular, 
heterogeneous clusters of similar proces-
sors that you can specialize and a con-
figurable interconnect network that can 
allow real-time dynamic processor con-
figuration and task mapping. Aggressive 
energy-management techniques, in-
cluding rapid voltage-frequency scaling, 

moderately fine-grained power-gating 
of idle units, and agile shifting of algo-
rithms between software and hardware, 
become possible in such an architecture. 
Indeed, this approach may be the only 
way to meet the energy-efficiency de-
mands of the true 4G terminal, 32-nm 
CMOS notwithstanding.

All of these elements are taking shape 
at IMEC in various research projects, 
which perhaps explains Van der Perre’s 
world view. But it is far from an isolated 
point of view, at least in private. Com-
panies publicly state their dedication 
to their pipeline-based hardware archi-
tectures, but one well-placed industry 
source claims that there are deeply em-
bedded, heavily funded research teams 
at a number of major silicon suppliers 
exploring large multicore architectures 
for the 4G problem.

One major challenge with most large, 
multicore architectures is not an issue 
here: Much of the workload in high-bit-
rate baseband processing is what the in-
dustry calls embarrassingly parallel. It’s 
not hard to spread around the tasks by 
simply dividing up the data. But the sys-
tem-control, dynamic-load-balancing, 
and—perhaps most important—ener-
gy-management tasks are new, complex, 
and vital to the success of the design. In 
this respect, 4G may in fact not be evo-
lutionary but rather the forge on which 
designers beat an entirely new style of 
real-time embedded processing into 
shape.EDN
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ACTEL, WWW.ACTEL.COM
Actel offers the ARM Cortex-M1 and ARM7 
processor cores for use in its optimized FPGA 
families without license fees or royalties. The 
FPGA-optimized, 32-bit Cortex-M1 processor 
core targets the company’s flash-based Pro-
ASIC3 family, mixed-signal Actel Fusion PSCs 
(programmable-system chips), and low-pow-
er Igloo family. Actel also offers its CoreMP7, 
an optimized version of the ARM7 processor 
core, for its flash-based ProASIC3 FPGAs and 
Actel Fusion PSCs.

For designers requiring an 8-bit 8051, Actel 
offers its Core8051 and configurable Core-
8051s microcontroller IP (intellectual-property) 
cores. The company’s Core8051s controller, a 
higher performance version of Core8051, fea-
tures one-clock-per-instruction throughput.

ADVANCED MICRO DEVICES, 
WWW.AMD.COM
AMD’s (Advanced Micro Devices’) x86-based 
products span the consumer embedded-sys-
tem market and serve enterprise-class servers 
and workstations, extending the x86 ISA (in-
struction-set architecture) across 32- and 64-

bit PC, server, and workstation platforms with 
AMD64 technology.

Geode processors bring x86 processing to 
applications for entertainment, business, edu-
cation, and embedded-system markets. Op-
teron processors with Direct Connect Archi-
tecture and HyperTransport Technology de-
liver 32-bit performance and enable the tran-
sition to 64-bit computing without sacrificing 
legacy investment in x86 technology. Athlon 
64 processors provide dual- and single-core 
computing for desktops that can run 32-bit 
applications at full speed while enabling new 
64-bit software applications. Turion 64 mobile 
technology enables thinner and lighter note-
book PCs with longer battery life, enhanced 
security, and compatibility with the latest 
wireless and graphics technologies.

ALTERA, WWW.ALTERA.COM
Altera’s Nios II family of soft embedded pro-
cessors features a general-purpose, 32-bit 
RISC CPU architecture in three configura-
tions. The Nios II/f core emphasizes process-
ing performance, the Nios II/e focuses on 
economy, and the standard Nios II/s core 

configuration balances performance and 
core size. The Nios II Embedded Design Suite 
includes 32-bit, single-precision, IEEE 754-
compatible, floating-point support and the 
Nios II C2H (C-to-hardware) compiler. Design-
ers can add Nios II processors to their systems 
using the SOPC (system-on-programmable-
chip) Builder tool. 

ALTIUM, WWW.ALTIUM.COM
Altium’s Altium Designer development system 
combines board-level hardware, embedded 
software, and programmable hardware-de-
velopment tools in a unified environment. It 
supports device- and vendor-independent 

T
he number of companies and devices the 
directory lists continues to evolve, and 
we’ve added new entries to the compa-
ny roster and to the table of devices and 
cores. The company roster and product 
listings continue to be testaments to 

the variety of processors available and the variation 
among requirements, features, and the types of appli-
cations for which designers are using microprocessors 
and microcontrollers. If you notice a company that we 
omitted, please let them and us know that you missed 
them and would like to see them in the next directory.

The print version of this directory is but a small fraction 
of the directory. Visiting the Web version at www.edn.com/
microdirectory has taken on more importance as the company 
roster continues to expand the material well beyond the ca-
pacity of the print update. The print version lists the compa-
nies selling software-programmable processors and cores, pro-
vides an overview for each, and identifies the latest develop-
ments at each company.

This directory aims to provide designers and system 
architects enough visibility into processor options 
to quickly narrow the list of candidate processors for 
each project. The online version presents detailed in-
formation on each processor, including a specification 
table and block diagrams. The directory uses a com-
mon taxonomy for describing and categorizing target 
applications that helps you to quickly find and com-
pare competing processors for your projects. The Web 
material has more details on the common application 
taxonomy.
The “Where are they?” sidebar on the Web helps you 

find companies that we no longer list, whether because they 
closed their doors, another company acquired them, or they 
spun off into another company. (Think NXP and Philips.)

If this directory helps you find or choose a device or core, 
please let the vendor know how you found its part. Help us con-
tinue to improve the directory by visiting us at www.edn.com/
microdirectory or by sending your comments and feedback to 
microdirectory@edn.com.
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electronic-product development using soft, 
hybrid, and discrete processors. It also sup-
ports interactive FPGA-system development. 
Altium Designer includes a number of royalty-
free, 8- and 32-bit, FPGA-based soft proces-
sors, including Altium’s FPGA-independent 
TSK3000RISC core. You can also use Altium 
Designer to target development for Nios II 
and MicroBlaze soft processors, the PowerPC 
within Xilinx’s Virtex-II Pro devices, and dis-
crete ARM7 and PowerPC devices.

ANALOG DEVICES, 
WWW.ANALOG.COM
Analog Devices’ ADuC7xxx precision analog 
microcontrollers combine embedded preci-
sion analog functions and digital program-
ming in one chip that targets high-precision 
measurement-and-control and data-acquisi-
tion systems with basic digital-programming 
needs. The microcontrollers integrate a 32-bit 
RISC core and flash memory with precision 
data-conversion technology that supports as 
many as 16 channels of fast, 12-bit-accurate 
analog-to-digital conversion and as many as 
four 12-bit DACs.

Analog Devices’ Blackfin processor delivers 
signal-processing performance and power 
efficiency with a 32-bit RISC-programming 
model on an SIMD (single-instruction/multiple-
data) architecture. 

APPLIED MICRO CIRCUITS 
CORP, WWW.AMCC.COM
AMCC (Applied Micro Circuits Corp) offers 
embedded Power Architecture processors 
targeting control-plane, imaging, wireless-
access, industrial-control, storage, and net-
working applications. 

The company based the PowerPC 405EX 
on Power Architecture technology, and it 
targets 802.11n Wi-Fi- (wireless-fidelity) and 
WiMax-based wireless-access points and 
similar embedded-processing or network-
control applications. AMCC also announced 
the PowerPC 460EX that targets high-perform-
ance applications, including multifunction 
printing, networking, and home gateways. 
AMCC and Intrinsity (www.intrinsity.com) 
joined forces to create a new Power Archi-
tecture processor core. Code-named Titan, 
the 32-bit semicustom core relies heavily on 
Intrinsity’s Fast14 logic to reach clock speeds 
as high as 2 GHz in 90-nm bulk CMOS and 
consumes 2.5W. Titan is part of a dual-core 
“processor complex” that supports coherent 
multiprocessing.

ARC INTERNATIONAL, 
WWW.ARC.COM
ARC International offers two configurable, 
32-bit processor-core families. The ARC 600 

targets battery-operated and cost-sensitive 
products in the embedded-control, consum-
er, networking, and automotive markets. The 
ARC 700 delivers computing performance 
targeting graphics, media, packet process-
ing, and high-end embedded platforms us-
ing operating systems such as Linux.

ARC also offers configurable, multistan-
dard, preverified multimedia subsystems. 
ARC’s newest subsystem, the ARC Video 
family, integrates a video-optimized, 32-bit 
ARC processor and as many as two ARC 
128-bit SIMD (single-instruction/multiple-data) 
media engines, a media-optimized DMA en-
gine, a multistandard entropy encoder and 
entropy decoder, a motion-estimation ac-
celerator, and the VRaptor channel intercon-
nect. ARC Sound and ARC Sound Advanced 
target audio-centric designs. ARC Player 
integrates voice, audio, and video-codec 
software with a media-optimized 32-bit ARC 
processor.

ARM, WWW.ARM.COM
ARM offers a range of processor cores, 
including the ARM7, ARM9, ARM10, and 
ARM11 families and the Cortex family fea-
turing Thumb-2 technology. ARM also of-
fers the SecurCore family targeting secure 
applications, such as smart cards and SIMs 
(subscriber-identity modules), the Mali family 
of graphics processors, and the OptimoDE 
(data-engine) signal-processing technology.

The high-performance ARM Cortex-A8 
processor targets consumer products run-
ning multichannel video, audio, and gam-
ing applications. For next-generation mobile 
devices, the ARM Cortex-A8 processor deliv-
ers performance with power consumption 
of less than 300 mW in a 65-nm technology. 
The midrange Cortex-R4 processor targets 
the performance requirements of next-
generation embedded products, including 
mobile phones, hard-disk drives, printers, 
and automotive controllers. It features an 
advanced microarchitecture that can issue 
dual instructions. 

ASIX ELECTRONICS, 
WWW.ASIX.COM.TW
Asix Electronics offers highly integrated 
8051/80390-based embedded proces-
sors that target applications such as home 
appliances, factory/building automation, 
industrial equipment, security systems, re-
mote-control/monitoring/management, and 
streaming-media applications. The compa-
ny’s AX110xx family of 8-bit networked mi-
crocontrollers integrates a high-speed, pipe-
lined, 100-MIPS 8051 core with 512 kbytes of 
flash memory. The embedded Ethernet PHY 
(physical) layer supports HP Auto-MDIX (me-
dia-dependent-interface crossover).

ATMEL, WWW.ATMEL.COM
Atmel’s microcontrollers and DSCs (digi-
tal-signal controllers) include the 8-bit AVR 
and 32-bit AVR32, ARM7, ARM9, and ARM11 
cores. With less than 1 �A of static power, the 
picoPower AVRs use power-saving technol-
ogy that provides multiyear battery life in 
lighting-control, security, keyless-entry, Zig-
Bee, and other applications that spend most 
of their time in sleep mode. Atmel’s newest 
AVR32 UC3 microcontrollers use 40 mA at 66 
MHz and 40 �A in sleep mode. Dual-banked 
pipelined flash and SRAM in the core support 
true single-cycle execution of 16-bit com-
pact and 32-bit instructions.

Atmel’s customizable ARM7 and ARM9 mi-
crocontrollers employ a metal-programma-
ble block that integrates logic functions into a 
low-cost, single-chip system targeting low- to 
medium-volume designs. CAP (Customizable 
Atmel Processor) devices offer a power-per-
formance-price proposition over microcon-
troller-plus-discrete-component options.

BROADCOM, 
WWW.BROADCOM.COM
Broadcom provides a family of high-perform-
ance, low-power, integrated processors 
targeting data-networking and commu-
nications applications, as well as security, 
storage, 3G-wireless infrastructure, and high-
density computing.

The Broadcom broadband CMP (chip-
multiprocessing) systems integrate as many 
as four 64-bit MIPS processor cores onto a 
single die. CMP scales system performance 
by sharing the workload across multiple 
cores.

CAMBRIDGE CONSULTANTS, 
WWW.CAMBRIDGECONSULTANTS.
COM
Cambridge Consultants’ XAP3, XAP4, and 
XAP5 family of RISC-processor soft cores tar-
gets low-cost ASIC products with high code 
density, high performance, low power, and 
small dice. Target applications include medi-
cal technology, industrial and consumer 
products, automotive systems, transporta-
tion, and wireless communications. The 
company’s mixed-signal and wireless-SOC 
(system-on-chip) systems support several 
wireless standards.

XAP processors feature protected operat-
ing-system modes with register sets for user, 
supervisor, and interrupt code to provide 
secure operation when applications mis-
behave. Designers can implement the 16-
bit XAP4 using as few as 12,000 gates. The 
18,000-gate, 16-bit XAP5 processor has a 
24-bit address bus that can run programs as 
large as 16 Mbytes. The 32-bit XAP3 processor 
has 30,000 gates. 
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CAST, WWW.CAST-INC.COM
Cast offers IP (intellectual-property) cores for 
general-purpose 8-, 16-, and 32-bit processors. 
Configurable 8051 cores target embedded 
systems needing more performance than an 
8051 can offer. They require as few as 7000 
gates, perform at 0.6 Dhrystone MIPS/MHz, 
and use as little as 18 �W/MHz of power. A co-
processor architecture enables performance 
improvement for specific applications, and 
an ASP-DSP coprocessor is available.

CAVIUM NETWORKS, 
WWW.CAVIUM.COM
Cavium Networks offers security and single-
core and multicore MIPS64-based processors 
targeting networking, wireless, storage, and 
control-plane applications in the broadband 
consumer, SOHO (small-office/home-of-
fice), SME (small-and-midsized-enterprise), 
enterprise, data-center, telecom, ATCA (Ad-
vanced Telecom Computing Architecture), 
AMC (Advanced Mezzanine Card), 3G/4G, 
and service-provider markets.

The Octeon MIPS64 processors integrate 
one to 16 MIPS64 cores with high-perform-
ance networking, multicore acceleration, 
memory controllers, and advanced hard-
ware-acceleration coprocessors for TCP (Trans -
mission Control Protocol), compression, de-
compression, regular expression, and security.

CIRRUS LOGIC, 
WWW.CIRRUS.COM
Cirrus Logic supplies high-precision analog, 
mixed-signal, and embedded processors for 
the audio and industrial markets. The com-
pany offers highly integrated ARM9- and 
ARM7-based embedded general-purpose 
processors targeting industrial and net-
worked consumer applications.

The company’s NineSeries of ARM9-based 
products includes the EP9301, EP9302, EP9307, 
EP9312, and flagship EP9315. The entry-level 
EP9301 integrates Ethernet and two USB 2.0 
host ports, and the EP9302 adds Maverick-
Crunch and MaverickKey to go along with 
increased processing power and memory. 
The EP9307 adds a graphics accelerator, 
touchscreen and keypad support, and three 
USB ports. The EP9312 includes support for 
high-quality audio and an integrated devel-
opment environment.

CRADLE TECHNOLOGIES, 
WWW.CRADLE.COM
Cradle’s CT3600 family of scalable MDSP 
(multicore-digital-signal-processing) proces-
sors integrates multiple general-purpose 
processors with multiple DSPs to improve 
processor efficiency for control code and 
computationally intensive media-processing 

algorithms. Targeting media-processing appli-
cations, particularly those involving complex, 
intelligent-video applications, the CT3600 
family comprises two products containing 
eight to 16 DSPs on one chip. The largest ver-
sion, with 16 DSPs and eight general-purpose 
processors, operates at 350 MHz, supports 16 
channels of CIF (common-intermediate-for-
mat)-resolution Simple Profile MPEG-4 encod-
ing, and can perform more than 22,000 16-bit 
MMACs (million multiply/accumulate) opera-
tions/sec, quadrupling the total performance 
over Cradle’s previous-generation MDSP.

CYAN TECHNOLOGY, 
WWW.CYANTECHNOLOGY.COM
Cyan Technology’s low-power, 16-bit, em-
bedded-communications, flash-based 
eCOG1k microcontroller implements a 25-
MHz RISC Harvard architecture that includes 
internal flash memory, RAM, and cache. 
The external-memory interface supports ad-
dressability of 32 Mbytes of external memory. 
Additional features include a smart-card in-
terface, a 12-bit ADC, a temperature sensor, 
and a proprietary-port configuration device.

CYBERNETIC MICRO SYSTEMS, 
WWW.CONTROLCHIPS.COM
Cybernetic Micro Systems produces ASICs 
to interface to peripherals that would be 
difficult to control from a general-purpose 
computer. The 100-pin, 8-bit P-51 microcon-
troller either sits between the host computer 
and the peripheral device or becomes the 
peripheral device. With a dual-port RAM 
interface on the host side in a PC104/ISA 
(industry-standard-architecture) format, the 
P-51 looks like memory to the host, but it has 
the intelligence and capability of an 8051.

CYPRESS MICROSYSTEMS, 
WWW.CYPRESSMICRO.COM
Cypress’ system-level PSOC (programma-
ble-system-on-chip) mixed-signal array has 
configurable digital and analog peripherals, 
an 8-bit microcontroller, and three types of 
embedded memory. PSOC target applica-
tions include automotive, communications, 
computers and peripherals, consumer, indus-
trial, and mobile/wireless. PSOC integrates as 
many as 12 analog and 16 digital configu-
rable hardware blocks in one device. PSOC 
blocks can implement a variety of user-se-
lectable hardware-peripheral functions that 
you configure through register settings. The 
analog blocks encompass an operational 
amplifier and include programmable multi-
plexing and feedback characteristics. Each 
digital block is an 8-bit-wide resource; there-
fore, creating an 8-bit PWM (pulse-width 
modulator) requires one digital PSOC block.

DIGI INTERNATIONAL, 
WWW.DIGI.COM
Digi International offers net-centric Net�ARM 
processor SOCs (systems on chips) based on 
ARM7 and ARM9 cores. The NS9360, NS9750, 
and NS9775 employ the ARM926EJ-S core. 
The NS9360 operates at 177 MHz and inte-
grates 10/100-Mbps Ethernet, a USB inter-
face, an LCD, IEEE 1284, and serial I/O. The 
NS9750 operates at 200 MHz and includes 
all of the NS9360 features, plus PCI support. 
The high-performance NS9775 color-laser-
printer processor operates at 200 MHz and 
integrates 10/100-Mbps Ethernet, a USB inter-
face, and PCI to improve the cost perform-
ance of color laser printers.

DIGITAL CORE DESIGN, 
WWW.DCD.PL
DCD (Digital Core Design) provides VHDL and 
Verilog synthesizable, ISO 9001:2000-certified 
IP (intellectual-property) cores of 8-, 16-, and 
32-bit processors and bus interfaces, as well 
as fixed- and floating-point arithmetic co-
processors. DCD’s DP8051XP/DP80390XP soft 
core is 100% binary-compatible with the in-
dustry-standard 8051 8-bit microcontroller. Its 
SXDM (synchronous-external-data-memory) 
interface enables fast access to external da-
ta memory. DP8051XP/DP80390XP dual data 
pointers with automatic-increment, -decre-
ment, and -switching capabilities significantly 
increase the speed of memory operations.

DCD’s microcontrollers implement fast 16- 
and 32-bit integer operations and single- and 
double-precision floating-point operations. 
The new D68HC11 is fully compatible with the 
68HC11A and 68HC11E.

EM MICROELECTRONIC, 
WWW.EMMICROELECTRONIC.COM
EM Microelectronic designs and produces ul-
tralow-power, low-voltage, digital-, analog-, 
and mixed-signal ICs targeting battery-oper-
ated and field-powered devices in consum-
er, automotive, and industrial applications.

The company’s 4- and 8-bit microcon-
trollers target battery-operated devices, 
which often have low-standby-power re-
quirements and perform periodic or on-de-
mand actions, such as fire alarms, medical 
monitoring devices, sports-activity monitors, 
radio-controlled clocks, intelligent sensors, 
data loggers, metering devices, intelligent 
terminals, card readers, and scales.

FREESCALE SEMICONDUCTOR, 
WWW.FREESCALE.COM
Freescale Semiconductor offers microcon-
trollers, embedded processors, sensors, RF 
components, analog/power-management 
technology, and supporting software for 
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automotive, consumer, industrial, network-
ing, and wireless applications. The introduc-
tion of the Flexis QE 128 devices, targeting 
consumer and industrial applications, is part 
of Freescale’s Controller Continuum road 
map, which provides pin-for-pin compatibil-
ity and a common set of on-chip peripher-
als and development tools for 8- and 32-bit 
microcontrollers. The company expanded 
its ColdFire portfolio with 10 new microcon-
trollers for low-power applications and 12 
new high-performance microprocessors. 
The automotive line includes additions to 
controllers employing S08, S12X, and Power 
Architecture cores, as well as FlexRay-ready 
systems.

FUJITSU MICROELECTRONICS 
AMERICA, 
WWW.FMA.FUJITSU.COM
Fujitsu’s 8-, 16-, and 32-bit microcontrollers 
include general-purpose and application-
specific versions; most of the microcon-
trollers include onboard-flash, ROM, ADC, 
DAC, CAN (controller-area-network), USB, 
and LCD controllers to target automotive, 
communications, computer-peripheral, in-
dustrial, and consumer applications. A full 
complement of software- and hardware-
development tools supports these micro-
controllers. The F2MC (Fujitsu flexible-micro-
controller) line includes the 8-bit F2MC-8L 
and F2MC-8FX series and the 16-bit F2MC-
16L/16LX/16F series. The FR (Fujitsu RISC) se-
ries has a stepper motor and LCD controllers 
for auto, communications, computer-
peripheral, industrial, consumer, and 
security applications.

GAINSPAN, WWW.GAINSPAN.COM
GainSpan is a Wi-Fi (wireless-fidelity) semicon-
ductor and software provider for applications 
such as temperature monitoring for energy 
management, condition monitoring of in-
dustrial equipment, and street-light monitor-
ing for metropolitan areas that require Wi-Fi 
capability and five to 10 years of battery life. 
The GainSpan GS1010 Wi-Fi SOC (system on 
chip) integrates an 802.11b/g radio, an ARM7 
microcontroller, and a power-management 
unit. The GMS (GainSpan-management-sys-
tem) software manages Wi-Fi devices that 
are asleep as much as possible to conserve 
energy. GMS resides in the network as an 
“always-on” intelligent interface.

HYPERSTONE, 
WWW.HYPERSTONE.COM
This year, Hyperstone introduced the low-
cost E2 RISC/DSP that targets cost-sensitive 
audio and consumer applications by inte-
grating an E1-32XSR RISC/DSP core, a high-
speed serial-communication engine, 32 

kbytes of SRAM, an SDRAM interface, and a 
multiplexed input.

Hyperstone’s E1-16XSR/32XSR RISC/DSPs 
feature dual RISC and DSP execution units 
in a pipelined architecture sharing the same 
registers. Designers can transparently mix 
RISC- and DSP-specific programming. The 
RISC/DSP instructions execute with a high de-
gree of parallelism. Target applications are 
telephony, VOIP (voice-over-Internet Proto-
col) telephony, video, digital cameras, and 
general signal processing.

Hyperstone built the HyNet32XS/32S series 
of networking processors around the E1-
32XSR core. They target applications requir-
ing high-speed signal processing and com-
munications.

IBM, WWW.IBM.COM
IBM Global Engineering Solutions offers 
embedded microprocessor cores and mi-
croprocessors employing IBM Power Archi-
tecture technology. IBM’s offerings include 
the 32-bit PowerPC 4xx family of embedded 
cores, along with 32- and 64-bit power- and 
performance-optimized microprocessors. 
The company’s PowerPC 405, 440, and 460 
families of embedded cores offer scalable 
performance for custom-SOC (system-on-
chip) integration. The cores are available in 
both fab-optimized and fully synthesizable 
versions.

IBM’s PowerPC 750 family of 32-bit micro-
processors targets cost- and power-sensitive 
embedded-system applications. The new-
est addition to the 750 family, the 750CL, is 
available at speeds as high as 1 GHz. The 
PowerPC 970 family of microprocessors of-
fers a performance-driven 64-bit architecture 
with native 32-bit application compatibility. 
Targeting computationally and bandwidth-
intensive workloads, IBM’s 970 family includes 
both single- and dual-core, VMX (virtual-ma-
chine-extensions)-enabled microprocessors.

IMEC, WWW.IMEC.BE
IMEC’s (Interuniversity Microelectronic Cen-
ter’s) flexible ADRES (architecture for dynami-
cally reconfigurable embedded system) 
consists of a tightly coupled VLIW (very-long-
instruction-word) processor and a coarse-
grained reconfigurable array.

The architecture template consists of com-
putational, storage, and routing resources. 
The routing resources connect the compu-
tational and storage resources in a topol-
ogy to form the ADRES array. Data accesses 
to the memory of the unified architecture 
take place through load/store operations. A 
script-based technique allows designers to 
generate instances by specifying different 
values for the communication topology, sup-
ported operation set, resource allocation, 
and timing of the target architecture.

IMSYS TECHNOLOGIES, 
WWW.IMSYSTECH.COM
Imsys develops reconfigurable-processor 
platforms that accept programs written in 
Java, C/C��, assembler, and microcode. 
The company offers Internet-enabled refer-
ence modules that Imsys ships as ready-to-
go subsystems with complete operating- and 
file-system environments. The integrated 
hardware and software platform targets 
wired and wireless communications; graph-
ics-display technologies; and image process-
ing in telecom, automotive, industrial-
automation, and consumer electronics.

INFINEON TECHNOLOGIES, 
WWW.INFINEON.COM
This year, Infineon introduced a 16-bit, in-
dustrial DSC (digital-signal-controller) family 
and extended its automotive portfolio with 
a high-performance, 16-bit microcontroller 
family; a cost-effective, 32-bit microcontroller 
for power trains; and an 8-bit series for high-
temperature environments.

The XE166 DSC optimizes high-perform-
ance motor-control applications with an 
integrated MAC (multiply/accumulate) unit 
and supporting libraries and peripherals, in-
cluding dual ADCs, user-configurable serial 
interfaces, and as many as 12 complemen-
tary pairs of PWM (pulse-width-modulation) 
I/Os for multiple motors. The XC2200 family 
of 16-bit microcontrollers fulfills all the key 
requirements for current and future automo-
tive-body and gateway applications.

The TC1764 is the newest member of Infine-
on’s family of 32-bit TriCore microcontrollers 
targeting automotive-electronics applica-
tions. The 8-bit XC866 Hot microcontrollers 
operate at temperatures as high as 140�C.

INTEGRATED DEVICE 
TECHNOLOGY, WWW.IDT.COM
The IDT Interprise family of integrated com-
munications processors delivers data pro-
cessing at line-rate speed. IDT based the pro-
cessor cores on the 32-bit MIPS ISA (instruc-
tion-set architecture). Interprise processors 
target SOHO (small-office/home-office) rout-
ers, Ethernet switches, wireless-access points, 
and VPN (virtual-private-network) equipment.

INTEL, WWW.INTEL.COM
The Intel Core2 Duo E6400 and T7400 proces-
sors offer energy-efficient performance to 
help equipment manufacturers balance pro-
cessing capabilities within power and space 
constraints. The processors target interactive 
computers, such as gaming platforms and 
industrial-control and -automation, digital-
security-surveillance, medical-imaging, and 
communications applications.

The Quad-Core Intel Xeon processor 5300 
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series is the first Intel-architecture-based 
quad core for the embedded-system seg-
ment. These processors target applications 
with computationally intensive and I/O-inten-
sive workloads in high-end communications 
and enterprise systems.

INTELLASYS, 
WWW.INTELLASYS.NET
IntellaSys based its multicore chips on the 
proprietary SEA (Scalable Embedded Array) 
Platform, which uses a dual-stack, synchro-
nous, scalable architecture. The inaugural 
SEAforth-24 family packs a 634-processor ar-
ray of 18-bit processors, each of which can 
operate at 1 BOPS (billion operations per 
second). Designers can dedicate any of the 
24 cores individually or in groups to perform 
tasks. Because each core has its own ROM 
and RAM, there is no need to use external 
memory for the bulk of processing and data 
accesses. The SEAforth-24 directly drives an 
antenna, eliminating the need for external 
data converters. 

Communications between nearest neigh-
bors takes place through dedicated registers 
that automate the process. A core waiting 
for data from a neighbor automatically goes 
to sleep, dissipating only a few microwatts.

IntellaSys expanded its offerings with the 
acquisition of Indigita secure-content pro-
cessors and OnSpec secure-storage control-
lers. Indigita’s products enable direct-to-disk 
HDTV (high-definition-television) dual-digital-
stream recording at high data rates and pro-
vide multiple levels of security that preserve 
the Fair Usage rights of consumers and pro-
tect commercial interests.

IPFLEX, WWW.IPFLEX.COM/EN
IPFlex offers dynamically reconfigurable pro-
cessors and design-tool platforms targeting 
industrial-image-processing, network-security, 
and scientific-computing applications. The 
DAPDNA (digital-application-processor/dis-
tributed-network-architecture) series of pro-
cessors incorporate a RISC processor as a 
controller and a heterogeneous matrix of 300 
to 1000 16- to 32-bit processing elements that 
the system can reconfigure in a single clock 
cycle. The DAPDNA-2 and DAPDNA-IMS 
processors target image-inspection-system, 
network-security, and multifunction-printer 
applications. The DAPDNA partner program 
includes 15 design-service partners in the 
United States and Japan. 

The design-tool suite includes a Data Flow 
C compiler that IPFlex jointly developed with 
Celoxica (www.celoxica.com). The compiler 
enables designers to describe algorithms in a 
C-like syntax, which is partly based on Han-
del-C, and automatically generates hard-
ware code.

KAWASAKI MICROELECTRON-
ICS (K-MICRO), WWW.K-MICRO.US
K-Micro’s ASIC technologies and design 
support target consumer-electronics, com-
puter, office-automation, networking, and 
storage markets. K-Micro’s computing sub-
system includes a MIPS32 24Kf processor, 
the Sonics SiliconBackplane and Sonics3220 
Smart interconnects, the SafeNet SafeXcel 
security engine, an off-chip OCP (Open 
Core Protocol) interface, on-chip SRAM, a 
flash-memory controller, a DMA interface, 
an interrupt controller, and a timer. To cre-
ate an SOC (system on chip), designers add 
their proprietary logic to the computing 
subsystem. Single- and dual-core processors 
are available.

LATTICE SEMICONDUCTOR, 
WWW.LATTICESEMI.COM
The 32-bit LatticeMico32 open-source soft-
microcontroller core combines a 32-bit-wide 
instruction set with 32 general-purpose reg-
isters. The architecture is configurable with a 
RISC-like instruction set. Based on the Wish-
bone bus of OpenCores, it employs inde-
pendent instruction paths and datapaths. 

The license preserves the open nature of 
the core by permitting use alongside propri-
etary designs and allows hardware imple-
mentation and distribution without the need 
for a subsequent license agreement. Lattice 
also provides the Mico System Builder for 
creating a LatticeMico32 system. The Lat-
ticeMico32 comes with GNU-based C/C�� 
software-development tools and an instruc-
tion-set simulator. Lattice provides an open-
source 8-bit microcontroller and the 8051, 
PIC, and 6502.

LUMINARY MICRO, 
WWW.LUMINARYMICRO.COM
Luminary Micro designs, markets, and sells 
more than 80 ARM Cortex-M3-based micro-
controllers. The Cortex-M3 processors provide 
32-bit performance and integration for a 
price similar to that of 8- and 16-bit devices. 
The Stellaris family targets applications requir-
ing control processing and connectivity, such 
as motion control, medical instrumentation, 
HVAC (heating/ventilation/air conditioning) 
and building control, factory automation, 
transportation, remote monitoring, electronic 
point-of-sales machines, network appliances, 
and gaming equipment.

Recently, the company released several 
Stellaris products featuring new combinations 
of industrial connectivity, expanded motion-
control I/O, more on-chip memory, and low-
power optimization for battery-backed appli-
cations. The newest Stellaris microcontrollers 
feature as much as 62.5 Dhrystone MIPS 
operation at 50 MHz and as much as 256 and 

64 kbytes of single-cycle industrial-grade flash 
and SRAM, respectively.

MAXIM INTEGRATED 
PRODUCTS, WWW.MAXIM-IC.COM
Maxim Integrated Products offers networked, 
secure, mixed-signal, and 8051-drop-in fami-
lies of microcontrollers. The network micro-
controllers provide low-cost connections for 
networking applications and optionally in-
clude a complete TCP/IP (Transmission Con-
trol Protocol/Internet Protocol) network stack 
in ROM, a built-in Ethernet MAC (media-ac-
cess controller), CAN (controller-area net-
working), and parallel and serial ports. The 
devices use a four-clock-per-machine-cycle 
8051 core with an extended 22-bit address-
ing range and 16-Mbyte direct addressing. 

The secure microcontrollers target ap-
plications demanding protective measures 
against theft of proprietary or secret informa-
tion. These devices employ encryption and 
physical-protection techniques that support 
point-of-sale terminals, automated-teller 
machines, banking equipment, and gaming 
equipment.

MICROCHIP TECHNOLOGY, 
WWW.MICROCHIP.COM
Microchip offers 8- and 16-bit PIC microcon-
trollers, as well as 16-bit dsPIC DSCs (digital-
signal controllers). The company based the 
8-bit PIC microcontrollers on a RISC-core 
architecture that enables designers to mi-
grate from six- to 100-pin devices among all 
families with little or no code changes. All 
of Microchip’s 92 16-bit microcontroller and 
DSC devices are pinout-, software-, and pe-
ripheral-compatible with each other.

Microchip introduced several general-
purpose 8- and 16-bit microcontrollers and 
developments tools. Highlights for 8-bit de-
vices include the PIC18F97J60 with an 
onboard Ethernet controller, as well as the 
flash PIC16F616/HV616 families with periph-
erals to enable cost-effective fan or small-
motor control. New 16-bit offerings include 
the PIC24FJ64 GA00X family that supports 
a PPS (peripheral-pin-select) pin-mapping 
function. New high-performance devices 
include two PIC24H microcontrollers and four 
dsPIC33F DSCs for smart-sensor-processing 
applications, as well as a family of dsPIC33F 
DSCs targeting high-performance, sensorless 
motor-control applications with support for 
advanced motor-control algorithms, such as 
FOC (field-oriented control). 

MIPS TECHNOLOGIES, 
WWW.MIPS.COM
MIPS Technologies licenses 32- and 64-bit-
processor architectures and cores targeting 
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digital-consumer, networking, personal-enter-
tainment, communications, and business ap-
plications. MIPS cores include the entry-level 
MIPS32 4KE core, the flagship 24K and 24KE 
processors, and the multithreaded 34K core 
family. The company introduced the fully 
synthesizable 32-bit 74K processor-core fam-
ily that can achieve operating frequencies 
greater than 1 GHz in standard 65-nm-
process technology.

NATIONAL SEMICONDUCTOR, 
WWW.NATIONAL.COM
National Semiconductor’s CP3000 connec-
tivity-processor family combines a RISC core 
with on-chip SRAM and flash memory, hard-
ware-communications peripherals, and an 
expandable external bus to target embed-
ded-system-communications applications. 
These applications include automotive tele-
matics, vehicle-network gateways, hands-
free car kits, and industrial- and medical-
instrumentation and control.

The COP8 flash microcontrollers feature an 
8-bit core and as much as 32 kbytes of on-
board flash that you can use as data or pro-
gram storage and that work for more than 
100,000 delete/write cycles. The de vices offer 
virtual-EEPROM functions, in-system program-
ming, and integrated analog- and mixed-
signal functions for stand-alone and Internet-
controlled applications.

NEC ELECTRONICS AMERICA, 
WWW.AM.NECEL.COM
NEC Electronics America offers highly in-
tegrated, low-power microcontrollers with 
both embedded flash memory and mask 
ROM for consumer, mobile, medical, indus-
trial, and automotive applications. The 8-bit 
K0 and K0S microcontrollers have low-pow-
er-consumption capabilities and provide 
integrated peripherals targeting consumer 
appliances, home-health-care equipment, 
building-management systems, and indus-
trial controllers. This year, the company ex-
panded its 8-bit all-flash lineup with 78K0/Lx3 
microcontrollers for consumer-electronics 
products.

The V850 series delivers 32-bit processing 
performance, low-voltage operation, DSP 
functions, and on-chip peripherals targeting 
consumer-electronics products. The V850E/
IG3 and V850E/IF3 microcontrollers target in-
verter-control systems in consumer products, 
such as air conditioners, refrigerators, and 
washing machines.

The company expanded its 16- and 32-bit 
support for industrial and office applications, 
such as security systems, utility meters, and 
scanners and printers with the 78K0R/Kx3 
and V850ES/JJ3 microcontrollers. And the 
company continues to support its 64-bit MIPS-

based VR Series microprocessors that target 
embedded digital-consumer devices.

NXP, WWW.STANDARDICS.NXP.
COM/MICROCONTROLLERS
Philips Semiconductors founded and spun 
off NXP Semiconductors this year. NXP offers 
more than 100 ARM7-, ARM9-, and 80C51-
based microcontrollers. NXP’s LPC3000 and 
LPC2000 ARM-based families include integrat-
ed peripherals, such as Ethernet, device and 
host USB OTG (On-The-Go), CAN (controller-
area-network), and many serial-communica-
tions peripherals. NXP recently acquired the 
ARM9- and ARM7-based BlueStreak LH7A and 
LH7 series from Sharp Microelectronics (www.
sharpsma.com). The LH7 and LH7A series fea-
ture high-performance integrated LCD con-
trollers and available system-level systems.

OKI SEMICONDUCTOR, 
WWW.OKISEMI.COM/US
Oki’s Advantage Microcontroller family 
comprises ARM-core-based products rang-
ing from the ML671000 with a built-in USB 
controller to the high-performance, 120-MHz 
ARM946E-based 6200 Series with instruction 
and data caches. Oki’s 4060, 4050, 675K, 
and 674K series ARM7 Advantage microcon-
trollers offer variations in frequencies, memo-
ry sizes, caches, features, and packages.

PA SEMI, 
WWW.PASEMI.COM
PA Semi offers high-performance, low-power 
64-bit Power Architecture processors with 
highly integrated peripheral functions. The 
PA6T-1682M PWRficient processor implements 
a coherent, ordered-crossbar interconnect, 
two 2-GHz Power Architecture processor 
cores, 2 Mbytes of L2 cache, two DDR2-
memory controllers, multichannel DMA, and 
hardware-acceleration engines. The PA6T-
1682M targets networking, telecom, storage, 
single-board-computer, industrial, and mili-
tary-aerospace applications.

PMC-SIERRA, 
WWW.PMC-SIERRA.COM
PMC-Sierra’s MIPS-based processors tar-
get metropolitan-transportation, storage-
area-networking, wireless-equipment, VOIP 
(voice-over-Internet Protocol), Internet-rout-
ing-equipment, enterprise-switch, and mul-
tifunction- and laser-printer applications. 
PMC-Sierra’s family of 64-bit, integrated, 
1-GHz CPUs delivers high performance, low 
latency, and low power consumption with 
integrated standard interfaces. The MSP 
(multiservice-processor) family targets use in 
CPE (customer-premises equipment), such as 

wired and wireless VOIP-terminal adapters, 
home gateways, voice-enabled routers, and 
NAS (network-attached storage).

RABBIT SEMICONDUCTOR,  
WWW.RABBIT.COM
Rabbit Semiconductor, a Digi International 
company, provides high-performance, 8-
bit microprocessors and development tools 
for embedded control, communications, 
and Ethernet connectivity. Rabbit offers em-
bedded-design systems, including low-cost 
development kits, and technical support for 
both hardware and software.

RAMTRON, WWW.RAMTRON.COM
Ramtron’s new FRAM (ferroelectric-random-
access-memory)-enhanced Versa 8051 mi-
crocontrollers combine a high-performance 
system on chip with nonvolatile FRAM. FRAM 
writes at bus speed with virtually unlimited 
endurance and low power for guaranteed 
data integrity in systems that require rapid 
and frequent writes and low power consump-
tion. Versa 8051 microcontrollers let designers 
upgrade 8-bit applications without a costly 
investment in a new architecture and code.

The new VRS51L3174 with 8 kbytes of FRAM 
comes in an industry-standard 44-QFP for 
easy device migration. The recently released 
VRS51L3072 with of 2 kbytes of FRAM and the 
VRS51L3074 with 8 kbytes of FRAM are avail-
able in 64-pin QFP packages. The VRS51L3x74 
targets embedded data-acquisition, sensor, 
and control systems in industrial; motor-con-
trol; imaging; security; automotive; metering; 
data-collection, -storage, and –processing; 
computer and peripheral; measurement; 
and medical applications.

RENESAS TECHNOLOGY, 
WWW.RENESAS.COM
Renesas’ processor offerings for embedded 
systems extend from low-power, 8- and 16-bit 
microcontrollers to high-performance, 32-bit 
microprocessors. The low-power, 8- and 16-bit 
microcontrollers in the R8C/Tiny, H8/Tiny, and 
H8/SLP series target consumer applications, 
and the 16-bit M16C, 32-bit M32C, and 32-bit 
RISC SuperH families target automotive and 
consumer applications. The H8 family meets 
the needs of PC and server applications, and 
the 32-bit RISC SuperH family targets designs 
requiring higher performance and multime-
dia capabilities. Renesas also offers AE-series 
devices for smart-card applications and R-
Secure devices for systems needing robust 
embedded-security functions. 

The new devices in the H8SX/1622, 1638, 
and 1648 groups offer as much as 1 Mbyte of 
on-chip flash memory and a deep software-
standby mode. The H8S/2378-based direct-
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drive LCD handles QVGA (quarter-video-
graphics-array) panels while performing real-
time control tasks. The R32C/118 devices pro-
vide a single-precision floating-point unit. The 
SH7205 and SH7265 dual-core SuperH micro-
controllers deliver 960-MIPS CPU performance 
and 800-MFLOPS (million floating-point opera-
tions per second) for advanced consumer, 
industrial, and car-audio applications.

SAMSUNG ELECTRONICS, 
WWW.SAMSUNGSEMI.COM
Samsung offers 16- to 32-bit processors target-
ing handheld-system applications, including 
smart phones, VOIP (voice-over-Internet Pro-
tocol) phones, portable GPS (global-position-
ing-system) devices, gaming systems, and 
PDAs (personal digital assistants). Samsung’s 
mobile-application processors features AR-
M920T-, ARM926EJ-, and ARM1176-based RISC 
cores. Samsung developed the processor 
family using CMOS-standard cells and a mem-
ory compiler; the family adopts the AMBA 
(advanced-microcontroller–bus architecture), 
and the newer ARM1176-based systems use 
an advanced multilayer AXI (advanced-ex-
tensible-interface)-bus architecture.

SEMTECH, WWW.SEMTECH.COM
Semtech acquired Xemics in 2005 and offers 
that company’s 8- to 22-bit microcontrollers 
that interface sensors and radio transceivers 
and target autonomous, battery-operated, 
wireless devices. These devices operate at 
a constant one instruction per clock that is 
independent of the type of operation and 
addressing mode.

The Radio Machine device for ISM (indus-
trial/scientific/medical)-band-transceiver in-
terfacing includes a low-power RISC core with 
the BitJockey, a serial interface for radio pro-
tocols, and a UART. Semtech offers tools and 
application notes for radio development. The 
Sensing Machine device for sensor interfacing 
includes a low-power RISC core with the high-
resolution ZoomingADC sigma-delta ADC and 
a programmable preamplifier.

SILICON LABORATORIES, 
WWW.SILABS.COM
Silicon Labs’ 8-bit, mixed-signal microcontrol-
lers integrate configurable, high-perform ance 
analog; a high-speed, pipelined 8051 core; 
in-system-programmable flash memory; and 
on-chip JTAG-based debugging.

The company’s precision mixed-signal, CAN 
(controller-area-network), small-form-factor 
Ethernet and USB microcontrollers target in-
dustrial, consumer, automotive, motor-control, 
medical, and communications applications. 
The family combines high-precision analog 
data converters having 10 to 24 bits of resolu-

tion with a high-throughput 8051 CPU.
The company recently entered the au-

tomotive-microcontroller market with the 
C8051F52x and C8051F53x family.

SILICON STORAGE 
TECHNOLOGY, WWW.SST.COM
Silicon Storage based its FlashFlex family of 
8-bit-microcontroller products on the com-
pany’s SuperFlash CMOS-semiconductor-
process technology. These microcontrollers 
implement the 8051 instruction set and are 
pin-for-pin-compatible with standard 8051 
microcontroller devices. FlashFlex devices are 
available in single- or dual-block configura-
tions, and they are ISP (in-system-programma-
ble) and IAP (in-application-programmable). 
These microcontrollers target consumer, com-
munication/wired, imaging and video, audio, 
industrial, and motor-control applications.

STMICROELECTRONICS, 
WWW.ST.COM
STMicroelectronics offers 8- and 32-bit mi-
crocontrollers and application-specific de-
vices targeting motor-control, USB, and CAN 
(controller-area-network) applications. The 
company offers development tools, training 
courses, consulting services, and Web sup-
port. The company based the ST7 core on an 
industry-standard 8-bit architecture and ex-
tended the architecture to improve support 
for high-level language programming and 
to provide additional interrupt-handling fea-
tures. The ST7 microcontroller family targets 
smart-appliance, motor-control, automotive-
body, home-automation, or any of today’s 
emerging microcontroller applications. STMi-
croelectronics’ 32-bit ARM-processor offer-
ings include the STR7 with an ARM7TDMI core, 
STR9 with an ARM966 core, and the new 
STM32 with a Cortex-M3 core.

STRETCH, 
WWW.STRETCHINC.COM
Stretch provides software-configurable pro-
cessors for computationally intensive appli-
cations. Stretch’s latest processors, the S6000 
series, targets high-speed video and image 
processing. Thus, the company has devel-
oped two reference-design kits using S6000 
family software-configurable processors, a 
PCIe (Peripheral Component Interconnect 
Express) DVR (digital-video recorder), and an 
IP (Internet Protocol) camera.

TENSILICA, WWW.TENSILICA.COM
Tensilica offers two families of 32-bit-processor 
cores. Tensilica’s Xtensa processors are con-
figurable, extensible, and synthesizable. The 
company’s Xtensa processor generator au-
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tomatically matches all associated software 
with any changes to the processor.

The Diamond Standard processor line of 
optimized processors ranges from a small, 
energy-efficient controller to audio and vid-
eo processors and a fast, high-end processor. 
Tensilica based the Diamond Standard family 
on the Xtensa configurable-processor archi-
tecture, and most members feature direct in-
terface ports and queues for high-speed I/O.

TERIDIAN, WWW.TERIDIAN.COM
Teridian Semiconductor’s analog- and 
mixed-signal ICs target automation, net-
working, and secure-access applications, 
such as smart-card readers, VOIP (voice-
over-Internet Protocol) gateways, set-top 
boxes, POS (point-of-sale) equipment, utility 
meters, and factory-floor automation. Terid-
ian recently simplified three-phase-meter 
design and reduced system cost 40% with 
the 71M6523 three-phase-metering SOC (sys-
tem on chip). The single-chip 71M6523 deliv-
ers antitamper neutral-current-measurement 
accuracy of 0.4%, allowing the detection 
of small energy theft and surpassing alter-
native approaches by a factor of two. The 
company also introduced the 72S1217F 8-bit 
PIN (personal-identification-number)-pad 

smart-card-reader SOC and the 73S1209F 
and 73S1210F turnkey smart-card-reader 
ICs. These devices join the 73S1215F, which 
enabled the industry’s first USB-connected 
smart-card readers.

TEXAS INSTRUMENTS, 
WWW.TI.COM
TI announced the T2012 and the MSP-Mojo 
target boards for the eZ430 development 
tool. The T2012 features the MSP430F2012 
ultralow-power microcontroller with an inte-
grated high-performance, 200k-sample/sec, 
10-bit ADC. The company also introduced its 
eZ430-F2013 development tool.

TI announced volume availability of the 
MSP430FG461x series of ultralow-power mi-
crocontrollers, targeting industrial sensing 
applications, including portable medical sys-
tems. TI also announced the availability for 
sampling of its 16-MHz MSP430F47x4 ultralow-
power microcontroller for one-phase and 
multiphase metering.

TILERA, WWW.TILERA.COM
Tilera offers high-performance multicore 
processors targeting embedded networking, 
security, and multimedia-processing applica-

tions. The Tile processor family targets appli-
cations requiring intensive packet processing 
for layers 2 through 7 and for HD (high-defini-
tion) video applications.

The Tile64 processor SOC (system on chip) 
has 64 full-featured processor cores plus a 
rich suite of system-integration blocks. The 
device includes 5 Mbytes of cache, and 
each processor core can independently run 
a full operating system, such as Linux.

Tilera based the Tile64 family on a tiled 
multicore architecture with a mesh-based 
on-chip interconnect. This architecture deliv-
ers as much as 32 Tbps of interconnect band-
width between the cores and allows scaling 
the architecture beyond hundreds of cores.

TOSHIBA AMERICA ELECTRON-
IC COMPONENTS, WWW.
TOSHIBA.COM/TAEC
Toshiba offers highly integrated 8-, 16-, and 
32-bit CISC microcontrollers with embed-
ded SuperFlash1 memory and 32- and 64-bit, 
MIPS-based TX RISC microprocessors. TX RISC 
devices suit calculation-intensive applica-
tions that require large memory capacity 
and DSP-like functions.

Toshiba CISC microcontrollers target di-
verse applications, including general-purpose 
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handheld information systems, printers, calcu-
lators, toys, range finders, white goods, and 
thermostats; home-security systems; HVAC; 
and instrumentation, mirror, and air-bag au-
tomotive systems. A focus product, the high-
performance, 32-bit, 80-MHz TMP92CZ26AXBG 
microcontroller, has a built-in LCD controller 
and a 288-kbyte embedded RAM. It is appro-
priate for general-purpose applications and 
electronic systems requiring 32-bit perform-
ance to drive an LCD and a USB interface. 

TRANSMETA, 
WWW.TRANSMETA.COM
Transmeta no longer manufactures micro-
processors, but it offers its microprocessor IP 
(intellectual property) for license. The Crusoe 
processor targets extreme low power with a 
balance of performance and cost. Crusoe 
supports Microsoft (www.microsoft.com) and 
Linux embedded operating systems and other 
real-time operating systems. Transmeta’s sec-
ond-generation Efficeon processor expands 
on the performance range that Crusoe offers.

UBICOM, WWW.UBICOM.COM
Ubicom develops communications and me-
dia processors as well as software for home 

networking. Ubicom’s chips and software ef-
ficiently and with low latency move media 
around the home. The company’s technol-
ogy targets wireless routers, Internet-access 
devices, access points and bridges, print serv-
ers, and networked audio and video players.

VIA TECHNOLOGIES, 
WWW.VIA.COM.TW
Via processors target x86-based personal 
electronics and embedded devices with 
feature-rich digital-media chip sets. Via 
divides its processors into five product fami-
lies that it bases on power-consumption and 
performance criteria ranging from fanless 
operation to power-saving capabilities for 
battery-operated mobile devices. The fami-
lies are the C7 and C7-M mobile, the fanless 
Luke, the Eden-N and fanless Eden ESP, the 
C3-M mobile, and the C3 processors.

XILINX, WWW.XILINX.COM
Xilinx offers embedded processors, FPGA 
platforms, and development tools that target 
aerospace and defense, wired- and wireless-
communications, automotive, audio- and 
video-broadcast, industrial-control, test-and-
measurement, and consumer applications. 

The Virtex family of high-performance FPGAs 
includes the PowerPC 32-bit hard core. The 
configurable, general-purpose, 32-bit Micro-
Blaze soft core is available for use with the 
Spartan family of low-cost FPGAs and Virtex-
platform FPGAs.

ZILOG, WWW.ZILOG.COM
Zilog offers 8-, 16-, and 32-bit microproces-
sors. This year, the company introduced 
three new product families and completed 
the transition to a fabless-semiconductor 
model. Zilog’s Zbase remote-control code 
database, Crimzon products, and engineer-
ing services support designers of universal 
remote-control devices. Zilog launched its 
first 32-bt ASSP (application-specific stan-
dard product), the ARM-based Zatara family 
of products, to meet the banking industry’s 
requirement for all POS (point-of-sale) sys-
tems to be PCI (payment-card-industry) 
PED (PIN-entry-device)-compliant. Zatara 
devices also target adjacent markets, such 
as PIN (personal-identification-number) 
pads, ATMs (automatic teller machines), gas 
pumps, kiosks, and other POS terminals. Zilog 
also introduced the new high-performance 
eZ80AcclaimPlus! products for networking 
connectivity.EDN
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hile most people are familiar with the trafficking of DVDs, pharmaceutical drugs, and brand-name purses, few are
aware of the tremendous counterfeiting business that has arisen in the electronics industry. According to Fremont,
California-based Alliance for Grey Market and Counterfeit Abatement (AGMA) (www.agmaglobal.org), up to 10% of
technology products sold worldwide are counterfeit, amounting to on the order of $100 billion in sales revenues.

Robin Gray, executive vice president of the National Electronics Distributors Association (NEDA), says its members are
concerned that “counterfeiting may become the number one industry issue in the
coming years.” Counterfeiting electronics components has become especially
prevalent as contract manufacturing increases because, to put it literally, it is
much harder to spot a fake processor than it is a fake purse. Unfortunately, while
a fake purse may make you look bad if others recognize it, counterfeit electronics
components can result in equipment failure that exposes OEMs to substantial
business losses.

Counterfeiting used to be more challenging before the rise of outsourced
contract manufacturing. In order to avoid inventory taxes, many OEMs have relin-
quished even the procurement of components, instead “buying” components
from the manufacturer or supplier and owning them for perhaps seconds before
selling them to a procurement company or factory taking on this task.

When you outsource production and procurement, quality control is man-
aged by the contract manufacturer. Many of these manufacturers have nothing
to lose, except perhaps your next job. And when they are 
outside the jurisdiction of the United States court system, protecting yourself
becomes quite a different problem. Contract enforcement in China and India is
difficult, and many companies simply don’t have the resources to wage an 
overseas legal battle. As Gray puts it,“Counterfeiting is going to impact the out-
sourcing movement that has occurred over the past decade and may well result
in OEMs revisiting that philosophy.” As counterfeiting becomes more prevalent,
and as its associated risks and losses continue to increase, the promised returns of 
outsourcing become significantly less attractive.

Certainly it is exciting when a contract manufacturer offers up its own
sources, especially when you consider the lower BOM. However, if these savings
are based on the use of counterfeit components, they may come at a high cost,
measured in terms of product returns, increased liability risk, and brand damage.

It is important to note that counterfeiting is not isolated to the electronics
industry. This means that legitimate players will not find themselves without a voice.
In fact, manufacturers across diverse industries are working together to develop tech-
nology, regulations, and awareness of the impact of counterfeiting on consumers.

Part of meeting the counterfeiting challenge is understanding that you may
find yourself working with counterfeiters even when you think all of your sources
are reliable. The key to protecting yourself, then, is being aware of the different
forms counterfeiting can take, understanding the risks involved as pertains to
your particular application, and being willing to take the steps available to you to 
mitigate these risks. ■

Nicholas Cravotta is an industry expert and a professional writer with more than two decades
experience and more than 150 published articles. He also holds two patents.
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verseas contract manufac-
turers often have their own
sources for components,
many of them legitimate.

After all, these factories want your
business over the long term. They
offer price savings to be competitive
as well as to attract you in the first
place, citing 10-20% savings even
from authorized suppliers, which can
be attributed to lower overhead costs.
But if the savings are too low, such as

processors at half market price, it’s
time to become suspicious. After all, if
it seems too good to be true, the fac-
tory needs to be able to explain why
that’s the case. If may be worth your
while to follow the paper trail for the
most likely candidates for counter-
feiting (i.e., those with the highest
return) to confirm that your procure-
ment agent is being honest with you.

When you outsource procure-
ment through contract manufacturing,
you increase the possibility of counter-
feit components ending up in your
product. Be sure to weigh the risks.

While BOM savings make it tempt-
ing to ignore the issue of coun-

terfeiting, you need to take
the total cost of owner-

ship into account. For
example, if you dis-

cover that the prod-
uct you purchased
is counterfeit and
will not work for
you, you may not
be able to return
it unless you 
purchased it
from an author-
ized source which

offers full warranty
protection. In addi-

tion, the product
may be seized with-

out compensation
pending potential legal

ramifications for trafficking
in counterfeit goods.
Depending upon your appli-

cation, liability caused by counter-

feits can also be a major issue. A
failed pacemaker, for example, results
in a person’s death, so there is no tol-
erance for counterfeit components
there. But even in cases where safety
is not an issue, counterfeiting can
have tremendous negative impact
on returns and/or brand reputation.
Consider a resistor causing the failure
of a high-ticket item, like a digital TV or
media player and forcing a recall.
Increasing the number of less-than-
robust components in a system
increases the chance of failures, and
you could see all of your saving evapo-
rate in handling returns. Additionally,
each return has the potential of gener-
ating negative word-of-mouth, lead-
ing to long-term brand erosion.

R O G U E S  G A L L E R Y
Counterfeits can take a number of
different forms, each of which expos-
es your company to different risks:

Outright fakes. The most common-
ly recognized type of counterfeiting,
fake components are marked as if
they were produced by the appro-
priate manufacturer but in fact have
been manufactured by another
source (see Figure 1). They bear the
trademarks and logos of the original
manufacturer and may even per-
form to spec. The obvious problem
with using fakes is that they don’t
come with the same guarantees that
genuine parts do.

Remarked. Remarking refers to com-
ponents whose markings have been
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altered in some way. These com-
ponents may be genuine parts, but
their part number or other identi-
fying markings have been modi-
fied to match that of a more
expensive version of the compo-
nent. For example, a 1.2 GHz
processor may be remarked so as
to appear to be a 1.8 GHz part or to
have a higher memory capacity
than it actually has.

Non-compliant. Many OEMs need
to maintain compliance with any
number of government regulatory
bodies,and counterfeiting can jeop-
ardize later certification of products.
For example, lead-free components
are more expensive to manufacture
than those made using lead.
However, the two types of compo-
nents look the same, making it
tempting for unscrupulous distribu-
tors to sell components as lead-free
when in fact they aren’t. Use of such
components will result in compli-
ance failure, causing substantial
delays as well as subject the compa-
ny to fines, penalties, and even the
possibility of having to remove a
product from the marketplace.

Recycled. The cost of labor in
China and India makes it a profitable
endeavor to ship obsolete equip-
ment to these countries for disposal
and recycling. However, components
may be removed and then sold as
new or returned parts without any
mention being made of their true
source. Even if recycled components
are genuine, their quality can vary
tremendously. Often acid is used to
remove components and delicate
leads can be damaged when compo-
nents are ripped off of boards, result-
ing in only partial functionality or the
higher risk of a later failure.

Less robust. While these components
may perform to spec in most ways, the
lower cost techniques used to manu-
facture them may reduce, for example,
operating temperature, input voltage
ranges, and functionality.

D E L AY E D  FA I L U R E
One of the extremely debilitating dif-
ficulties with counterfeit compo-
nents is that problems may not arise
until equipment has been deployed
in the field. Many processors, for
example, are speced at a variety of
clocking speeds. Through a process

called binning, components are
tested and those which do not
pass the most rigorous tests are
rated at a lower clock speed. When
components are remarked to a
higher clock speed, they may only
perform to spec for a short time
before failing.

While testing components may
not help you determine whether
you have genuine components or
not, it can verify component relia-
bility (see Figure 2). Testing, howev-
er, can be expensive and time con-
suming, requiring thousands of dol-
lars, depending upon which lab you
use and how much testing you
have to do. To verify specs, for
example, you may decide to test a
small sample of the components
you receive. The size of the sample
and whether you test each ship-
ment of components you receive
depends upon the complexity of
your system, how many compo-
nents you have to test overall, and
how critical the component is.

Counterfeiters, however, are
onto this defense, and may inter-
sperse genuine components in
among the counterfeit components
in the hopes that you’ll select a reli-
able part for testing and be none

the wiser. Additionally, since genuine
parts can fail, testing assumes a certain
number of failures which can mask the
presence of counterfeits. Testing for
issues such as whether a component is
truly lead-free are even more cost pro-
hibitive. However, if being lead-free is
important, your customer may test
your completed product when it is too
late to change out components.

U N AV O I D A B L E
E X P O S U R E
Typically, the most reliable source
for components is a manufacturer-

Figure 1: Counterfeit vs. Functioning
Component.

Source: Association of Franchised Distributors of 
Electronic Components, United Kingdom
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authorized supplier which provides
full warranty protection as well as
product support. Sometimes com-
ponents are in short supply, however,
and you may find that you aren’t as
high on your supplier’s priority list as
you thought. If you don’t want to
slow down your assembly line, you
may find yourself having to second
source components through the
grey market (i.e., unauthorized dis-
tributors, brokers, and third parties).
To limit your risk in such cases, work
with a company that you’ve done
business with in the past or that has
a solid reputation.

Many suppliers offer guaran-
tees on components that they pro-
vide; be sure they have the financial
solvency to back them. If you go
through a broker offering no guaran-
tees, you may find yourself stuck
with a very expensive bargain. While
many manufacturers don’t take
returns on overstocked inventory,
some do offer scrap allowances. This
is where the manufacturer pays you
to scrap the components rather than
return or resell them.

Verification is required for
scrapping, and you can even out-
source scrapping. Verification of
scrapping is not simple, and many
“scrapped” components may find
their way onto the grey market.
Scrapped components can present a
real problem for OEMs. While these

may be genuine components, they
officially don’t exist and a manufac-
turer won’t guarantee them.

Even the most careful buyers
can find themselves stuck with coun-
terfeit components. For example, it is
possible to acquire counterfeit com-
ponents from authorized suppliers
who accept returns. Consider the
case where a company has sourced
parts from an authorized supplier
and grey market source. Some of the
grey market components may be
returned as well, introducing poten-
tial counterfeits into the supply.
Certainly, authorized suppliers are
expected to guarantee these compo-
nents, but you may still encounter
undesirable returns, liability, and
brand damage in the meantime. It’s a
good idea to be aware of any suppli-
er’s return policies as well as the lim-
its of their guarantees.

To mitigate their own liability,
suppliers will attempt to verify that
they are getting back the actual

components they sold you, using
techniques such as requiring origi-
nal packaging and using date cod-
ing to confirm that the components
returned are the ones originally
shipped. These measures are not
foolproof, but they offer a certain
level of assurance, and distributors
can implement them without
adding unreasonable overhead.
Ideally, if you acquire a compo-
nent from multiple sources, it is
best to keep them separated or
have some way of separating
them if you need to so you can
return them to their original
sources. This is a challenging deci-
sion to make, given the already
thin margins contract manufactur-
ers operate under since co-min-
gling components is far more cost
effective than managing multiple
bins. However, it may make sense
to separate out critical, expensive,
or at-risk components while co-
mingling the rest. ■
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Figure 2: Counterfeit vs. Genuine
Sanken Transisitor.
Source: Association of Franchised Distributors 
of Electronic Components, United Kingdom 
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T
he capacity and capability of modern FPGAs sup-
port the implementation of many digital systems, 
making FPGAs the platforms of choice for devel-
oping, prototyping, and deploying digital logic. 
Depending on the requirements of your system, us-
ing FPGAs may not be the best approach for field 

deployment. Factors such as high unit cost and high power con-
sumption may require deployment with an ASIC device. Still, 
designing with an FPGA makes more sense, and, by paying at-
tention to a few details up-front, the conversion to an ASIC de-
vice need not be difficult. Those details include power supplies, 
packaging, boundary-scan testing, and other considerations.

DEVICE POWER SUPPLIES AND PACKAGING
It may seem odd that power supplies are at the top of the 

list. But they can be the sources of the greatest potential cost 
savings to you as a system designer. The drive to ever-higher 
FPGA logic densities and speeds has pushed FPGAs into lead-
ing-edge semiconductor processes, which operate at lower and 
lower voltages. The latest FPGA devices fabricated in 65-nm 
technology have core logic operating at 1V. But does anyone 
really need to build an ASIC device in 65-nm technology to 
offer the same performance as an FPGA? The answer is clearly 
no; thus, the cost of building an ASIC in a 65-nm process 
is unwarranted. Depending on the system requirements, you 
may be able to convert that 65-nm FPGA into 90-, 130-, 180-, 

or even 350-nm ASIC technology. Generally, the larger the 
technology, the less capability and performance available, but 
the cost correspondingly decreases. Why pay for a rocket ship 
when all you need is a car?

The problem comes with the fact that larger geometry pro-
cess technologies run at higher operating voltages. If you can’t 
easily change out a 1V core power supply for a 1.2, 1.5, or 
3.3V supply, then you may be stuck with converting to a pro-
cess technology that is more expensive than you need.

The first and most important thing you can do is design the 
power-supply scheme for the FPGA core supplies in such a 
way that you can later easily change to another voltage. This 
approach typically means using a dedicated and isolated power 
plane for the FPGA core-logic supply—a task you may need 
to perform anyway for FPGA-supply-noise isolation—and 
arranging the regulator so that you can either swap it out or 
change a component value.

When it comes to packaging, the cost is often higher than that 
of silicon. This fact is especially true for high-pin-count pack-
ages and flip-chip devices. What can you do to reduce package 
costs? First, FPGA devices, with their high power consumption, 
often require expensive, “thermally enhanced” packages. Dur-
ing conversion to a lower power ASIC, the simplest thing to do 
is to shift to a plastic package with the same footprint.

Designers often use large FPGAs to ensure adequate logic 
and memory resources. But do you need all those pins? If not, 

BY BOB KIRK  •  AMI SEMICONDUCTOR

FPGA-prototyping 
and ASIC-conversion 
considerations
CONVERTING YOUR FPGA TO AN ASIC YIELDS MANY BENEFITS. HERE’S 
A LOOK AT HOW DESIGNERS CAN MAXIMIZE THOSE BENEFITS AND 
MAKE THE TRANSITION AS QUICK AND SEAMLESS AS POSSIBLE.
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Figure 1 Two devices work together with the timing budget.
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then you might want to consider switching to a 
smaller package when converting to an ASIC. 
You may have noticed that some FPGA fami-
lies support vertical-package migration. This ap-
proach lets you start with a small package and 
move to a larger package if necessary, because the 
pin assignments of the smaller package are com-
patible with those of the larger package. Consider 
putting that principle into practice but in reverse: 
Use the large FPGA package, but define the pin-
out to avoid using the I/O pins in the outer rings. 
Then, when you convert to an ASIC, you can use 
a smaller package but still have a package that is 
footprint-compatible with your board. You can 
employ a lot of schemes in prototyping, includ-
ing the use of an FPGA daughterboard. Whatev-
er approach you use can lead to tremendous cost 
savings if you can reduce the package pin count.

BOUNDARY-SCAN-TEST DEPENDENCIES
Do you care about how JTAG (Joint Test Action Group) 

testing works? Probably not, but your test people do. Depen-
dencies on how JTAG testing works can have a big impact on 
the cost savings you obtain when you convert an FPGA to an 
ASIC. The problem is that FPGAs support JTAG boundary-
scan testing on all the standard I/O pins, whether you use the 
pins or not. When developing the board-level test, test pro-
grams shift data through the boundary-scan shift register in a 
way that includes all the pins, even if the circuit does not use 
some of them. If these unused pins connect to board traces, 
the JTAG tests may access them as test points. When convert-
ing to an ASIC, you must match the form, fit, and function of 
the FPGA; unused pins become problematic. If you remove 
them, then boundary-scan test may not work. If you retain 
them, then the ASIC must have “extra” pins and associated 
bond pads, just for supporting boundary-scan test.

I/O-bond pads use a lot of silicon area. If you can eliminate 
the implementation of unused pins, then you can reduce the 
silicon-die area. You can still put the ASIC device into the 
same package, but you need not connect all the pins to the sil-
icon die. To put this scenario into perspective, consider that, 
if 30% of your I/O pins are unused, the silicon die can be as 
much as 50% smaller, leading to significant cost savings. Work 
with the test engineers to let them know that the ASIC de-
vice does not support boundary scan for unused I/O pins. They 
may want to mask these pins in test development so that they 
don’t unwittingly use them for critical test points.

To maximize the benefits of FPGA-to-ASIC conversion, 
you must consider some other items at the board level. As 
mentioned, you need to maintain flexibility in power-supply 
voltages; doing so can yield significant power savings. When 
it comes to the regulator, you may be able to swap in a less ex-
pensive device to work with the ASIC. Your FPGA may use 
EPROM or flash to configure the FPGA device, but, with an 
ASIC, you can remove the EPROM or flash device from the 
BOM (bill of materials) for additional cost savings.

With potential regulator changes, smaller packaging, and 
removal of EPROM/flash devices, you might want to reclaim 
the unused board space for your application. In this case, us-
ing an FPGA daughterboard or a board re-spin might make 

sense and may be the path to the greatest overall savings. On 
the other hand, you might not want to mess around with the 
board and may just want a drop-in replacement.

There are some things you can do in the actual design of the 
FPGA to facilitate conversion to ASIC technology. IP (intel-
lectual-property) selection is at the top of the list. IP includes 
simple blocks, such as multiply-accumulate units, memories, 
and FIFO generators, as well as more complex blocks, such 
as processors and high-speed serial-I/O SERDES (serializer/
deserializer) blocks). The concern with IP is more legal than 
technical. These blocks usually involve IP-license issues, and 
many are proprietary to the FPGA vendors. At first glance, 
the rich catalogs of free FPGA IP seem attractive. However, if 
you are dealing with medium- to high-volume production for 
your system, the high cost of the FPGAs can make that “free” 
IP very expensive.

For these reasons, you need a strategy to avoid getting 
locked into the FPGA vendor’s proprietary IP. Establish a plan 
for dealing with IP during conversion before you start the de-
sign. For example, using native-block memories in the FP-
GAs is fine, but using the more sophisticated FIFO genera-
tors causes the FPGA vendor to create a piece of proprietary 
IP. You might find it a lot easier in the long run to use a FIFO 
module from the synthesis vendor or obtain one from your 
ASIC vendor with permission to use it in the FPGA.

In general, you should try to use synthesizable IP whenever 
possible. Consider licensing the IP before starting your design 
and obtaining a license that covers both the FPGA imple-
mentation and the ASIC production. It’s a good idea to re-
view your IP plans with the ASIC vendor; the vendor may 
offer suggestions with respect to qualified IP vendors or IP that 
the ASIC house may have available. It’s valuable to negotiate 
licenses before you get locked into a piece of FPGA IP and 
have to pay a high price for the ASIC add-on license.

TIMING BUDGETS
Next on the list are some basic documentation items, such 

as timing budgets. Face it: A NAND gate is a NAND gate. 
But how fast is the FPGA-NAND gate, and how fast is the 
ASIC-NAND gate? More important, how fast do you need the 
NAND gate to be? Timing specifications for the device oper-
ating in your system are important. Even more important is an 
understanding of the overall system-timing budget. Figure 1 il-
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Figure 2 The best-case scenario is to have one common clock that goes to all 
flip-flops and one common reset line that goes to the reset pin or the set pin of 
each flip-flop.
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lustrates two devices working togeth-
er with the timing budget (Table 1).

An understanding of all the timing-
budget parameters, including margins, 
can help in the conversion process. If 
you can use a less expensive ASIC 
technology, the conversion engineers 
may need to adjust various timing pa-
rameters and still maintain the overall 
budget. If you don’t know your timing 
budget, you will exceed the FPGA-
timing parameters, which may result 
in unnecessary expense. Other docu-
mentation items can also be helpful. 
It’s important to annotate anything that is special about the de-
sign, such as any design tricks you used, special timing require-
ments, start-up requirements, power-down modes, and the like. 
This information helps the conversion team ensure that your 
device will function as you intend.

For conversion, the starting point will most likely be your 
RTL code. It’s helpful if the code is well-organized and well-
documented. You must also supply synthesis scripts and timing 
constraints. In some cases, you may need to supply part or all 
of the design in netlist format. Again, organization, scripts, 
and timing constraints are helpful. Depending on the nature of 
the design, it may be desirable to supply simulation testbench-
es to validate the conversion, perform power simulations, or 
both. For a testbench to be useful, you must pay attention to 
whether it includes a capture of the supplied stimulus and ex-
pected response. The best way to supply this information is 
to use a VCD (vector-change-dump) file, which captures data 
whenever a pin changes its value. The data capture must have 
accurate timing, so it’s critical to run the capture simulation 
with “assignable-delay mode,” or full timing accuracy. Zero- or 
unit-delay modes do not provide accurate timing values in the 
captured-pin data files.

CONFIGURATION AND START-UP
Unlike FPGAs with their long programming and configura-

tion sequence, ASICs are essentially instant-on parts. How-
ever, when planning your FPGA design, you should pay some 
attention to this area. If the system depends on any of the 
FPGA-programming features or signals, then the ASIC must 
perform those same functions. Because your design does not 
directly include the configuration features that come with the 
FPGA, issues can potentially crop up. The best approach is 
to avoid any dependencies in the first place. Potential depen-
dencies include watching “done” pins as part of a successful 
programming monitor or as part of a system-reset release or 
another start-up sequence. But, if you want to ensure that a 
timing generator has locked, then it makes sense to formally 
bring the lock signal out to a pin. Another case to watch out 
for is daisy-chaining the configuration stream through mul-
tiple FPGAs, especially if you plan to leave any of the devices 
as FPGAs and not convert them into ASICs.

Another start-up factor to consider is the proper handling of 
the PORs (power-on resets), which are highly analog. You can-
not expect an ASIC POR to behave exactly the same as the 
FPGA POR. You can’t even expect PORs from different FP-
GA-silicon-manufacturing lots to be exactly the same. It’s good 

system-design practice to have only 
one device on the system generate a 
POR signal for systemwide use. This 
approach prevents potential time-se-
quence issues and provides reliable 
system start-up. The FPGA or con-
verted ASIC can be the POR source, 
but, if so, it should be the only source.

MEMORY INITIALIZATION
Memory initialization is unique 

to FPGA architectures and provides 
a simple starting basis of, say, all ze-
ros, for running algorithms, state ma-

chines, and so on. It’s also an easy way to load in constants, 
such as filter coefficients. The problem is that ASIC memories 
power up to an unknown state. You can deal with this problem 
in various ways. One proven and viable way is for the ASIC-
conversion vendor to build initializable memories. Another 
way is to add some dedicated soft logic or wrapper logic to your 
design that initializes the memory at start-up. The third and, 
perhaps, easiest way is to design your system so that it does not 
depend on memory initialization. To the extent you can make 
your design not depend on unique FPGA features, your design 
becomes all the more portable and opens the door to more con-
version options and quicker conversion.

Good design practices make conversions smoother and trans-
late into shorter time to market. A review of design practices 
reveals some hidden conversion issues. Designers often learn 
that synchronous design is a good approach, and, in the con-
text of conversions, it is, because it makes the design largely in-
dependent of logic-gate timing. However, long logic paths may 
be too slow, and ASIC and FPGA logic gates do not yield the 
same performance. Even in the same architecture and tech-
nology, it is difficult to match delays, so designers add margin. 
Changing from, say, a 65-nm FPGA to a 130-nm ASIC is also 
difficult. The best-case scenario is to have one common clock 
that goes to all flip-flops and one common reset line that goes 
to the reset pin or the set pin of each flip-flop (Figure 2).

However, in many real-world designs, you must deal with 
multiple incoming clocks. When this scenario happens, you 
must focus on anywhere that two clock domains interact. As-
sume the clock signals can change at any time with respect 
to each other and use carefully thought-out strategies that do 
not depend on the technology you use. This approach may in-
clude using metastable protection flip-flops with various hand-
shake protocols or independently clocked FIFO buffers. This 
approach is critically important because simulations and even 
FPGA prototyping may not reveal problems when the delays 
of various gates change from one implementation to another.

As a corollary, your approach should not include any inter-
nally generated or derived clocks or reset signals. Such sig-
nals have implied relationships and skews between each oth-
er, which may change between implementations. The most 
common situation is clock gating that you insert to reduce 
clock-switching power. You may have used this approach in 
the FPGA implementation to reduce the FPGA’s overall high 
power consumption; however, you may not even need gated 
clocks in the ASIC implementation because the overall ASIC 
power consumption is significantly less. In most cases, using a 
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TABLE 1 SYSTEM-TIMING BUDGET

Parameter
System-timing budget 

(nsec)

T_clk-to-out 2.5

T_fl y 2

T_setup 2

T_jitter 0.1

T_noise 0.2

Total time 6.8

Clock period 8

Margin 1.2
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clock-enabled flip-flop is the simple design alternative to gated 
clocks. But if you must gate clocks, be sure to document each 
case, why you need it, and how you know it will work in all 
cases. Then, review each case with the conversion team.

Other good design practices include adding proper dead-state 
handling in finite-state-machine design, avoiding latches, and 
avoiding delay dependencies. These practices aim to make the 
design as independent of technology characteristics as possible. 
To put it in perspective, FPGAs tend to have slow gate delays. 
The logic gates are not slow; the look-up-table implementation 
can lead to some fast complex-logic functions. However, the 
programmable interconnect is slow, meaning that a combina-
tional-logic gate that generates a small glitch in an ASIC may 
cause different behavior in an FPGA. The slow FPGA inter-
connect may act as a lowpass filter and attenuate the glitch, 
whereas, in the ASIC, it may speed through to the next gate. If 
that signal drives the clock pin of a flip-flop, you could have a 
problem. This reason shows why synchronous design is a good 
practice: No combinational-logic gates exist on any clock or 
reset signal, avoiding the problem altogether.

Another practical side effect of following synchronous-de-
sign practices is that doing so makes it much easier to test the 
converted ASIC. Usually, designers employ one or more DFT 
(design-for-test) strategies, which involve automatic or semi-
automatic insertion of test logic and algorithmic generation 
of a manufacturing-test program. DFT tools work best on cir-
cuits that follow good design practices. The use of multiple or 
asynchronous clocks, multiple clocks, latches, and delay de-
pendencies generally reduces test coverage.

FPGAs are clearly the way to go for prototyping, and, by fol-
lowing these simple suggestions, you can not only maximize 
your cost savings by converting to an ASIC, but also shorten 
the conversion time and be confident that your design will 
function as you intend.

Consider consulting with your ASIC vendor before you start 
the design. The vendor should be able to give you additional 
pointers and guidance about design to make the conversion 
seamless. This suggestion is especially important if you have 
never been involved in an ASIC development. Although you 
may think that all logic gates are created equal, FPGAs and 
ASICs are not exactly the same. It is a good idea to select an 
ASIC vendor before you start the FPGA design and at least 
work out a preliminary plan.

A well-thought-out conversion plan maximizes cost reduc-
tions by targeting the appropriate ASIC platform, determin-
ing the appropriate package, and defining the pinout. It reduc-
es conversion issues by managing IP-licensing issues up-front 
and determining how you will convert unique FPGA features 
or whether you should avoid them. The plan should also tack-
le which design practices you should follow and which you 
should avoid to improve the overall design quality.EDN
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In test-and-measurement ap-
plications, you must provide 

overvoltage protection for the output 
terminals of amplifiers, power sup-
plies, and similar components. The 
conventional way to accomplish this 

task is to add series resistors with the 
output node along with the clamping 
diodes to power-supply rails or other 
threshold voltages (Reference 1 and 
Figure 1). This resistor significantly 
reduces current-output capability and 

the output-voltage swing with low-
resistance loads. The alternative ap-
proach is to use fuses or other current-
limiting devices, which precede these 
clamps’ high energy-absorption capa-
bility. The circuit in Figure 2 works 
as a bipolar current source when the 
voltage drop across source resistor R6 
becomes larger than the gate-thresh-
old voltage of depletion-mode MOS-
FETs Q1 and Q2, thus limiting the 
current through the clamping diodes 
(Reference 2). The drawback of this 
approach is high power dissipation on 
series components during the over-
load condition.

A reasonable approach disconnects 
the amplifier-output node from the 
output terminals for the period when 
the overload voltage exists on out-
put terminals. Engineers for decades 
have used such serial disconnection 
by means of electromechanical relays 
in audio power amplifiers but for a dif-
ferent reason: loudspeaker protection. 
SSRs (solid-state relays), including op-
toelectronic, photovoltaic, OptoMOS, 
and PhotoMOS devices, suit the task 
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Figure 1 The conventional way to provide overvoltage protection is to add 
series resistors with the output node along with the clamping diodes to 
power-supply rails or other threshold voltages.

Figure 2 This circuit works as a bipolar-current source when the voltage drop across 
source resistor R6 becomes larger than the gate-threshold voltage of depletion-mode 
MOSFETs Q1 and Q2, thus limiting the current through clamping diodes.
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designideas

of load disconnection at moderate 
current levels because of galvanic 
isolation between the control and 
the load pins (Reference 3).

The series-protection circuit of 
Figure 3 disconnects the ampli-
fier-output terminal using a se-
ries-connected, high-voltage SSR. 
Raising the output voltage above 
the positive-reference-voltage or 
below the negative-reference-volt-
age threshold causes either the IC2 
or the IC3 comparator to change its 
output state and turn off SSR IC4 
through AND logic element IC5. 
Figure 4 shows the simple circuit 
realization of this approach.

The circuit in Figure 4 requires 
only a couple of external compo-
nents to use an SSR for output-
overvoltage protection. Rising 
overvoltage turns off both transis-
tors in IC2, interrupting current 
flow through the control LED of 
IC3. Relay IC3 opens, protecting 
the amplifier and clamping di-
odes. The circuit was tested with 
a handful of Clare, Matsushita 
Electronic Works, and Panasonic 
(www.clare.com, www.naisis.co.jp/
english, www.panasonic.com) 
SSRs with and without internal 
current protection. The power-
supply rails are �15V; R10, R11, 
and R12 set the triggering levels 
and are equal to �16V. Omitting 
R11 shifts the triggering levels to 
�14.5V. The SSR turn-off delay 
in protection-circuit operation is 
100 to 200 �sec for relays with 
0.5V overvoltage protection and 
becomes slightly shorter with 
higher overvoltage. Note that the 
peak current through clamping di-
odes can be rather high with low-
on-resistance SSRs.EDN
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Figure 4 This circuit requires only a couple of external components to use an SSR 
for output-overvoltage protection.
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FIRST LED CHARGE PUMP TO
INTEGRATE AUDIO AMP

SAVES 50% SPACE
Differential Input, 1.1W Amplifier Provides Excellent Noise Immunity

LED Charge Pump
♦ No Inductor Required
♦ Adaptive, Independent Current Regulator for

Each LED
♦ 32 Pseudo-Logarithmic Dimming Levels,

Down to 0.1mA
♦ Low 140µA Quiescent Current
♦ Single-Wire, Serial Pulse Dimming Interface

Audio Amplifier
♦ Single-Supply Operation
♦ High 90dB PSRR at 1kHz
♦ Low 0.004% THD+N at 1kHz
♦ -9dB to +18dB Gain Settings in 3dB Steps
♦ Integrated Click-and-Pop Suppression
♦ No Output-Coupling Capacitors, Snubber

Networks, or Bootstrap Capacitors Required

www.maxim-ic.com/MAX8678-info
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AVAILABLE
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LISTING 1 GENERATING 50% DUTY CYCLE

80  EDN  |  OCTOBER 11, 2007

When synchronizing two instru-
ments’ signals, it is important to 

make sure that the receiver can latch 
the sender’s synchronous signal. For ex-
ample, a pulse generator generates syn-
chronizing pulses while generating the 
main pulse signal. For the Avtek (www.
avtekcorp.com) AV-1015B, the pulse 
generator’s duty cycle is approximately 
50 nsec at TTL with a 50� load. The 
goal of this Design Idea is to increase 
the pulse generator’s high-level width 
to meet the triggering spec of a lock-
in amplifier. The synchronizing pulse’s 
frequency is 10 Hz to 102 kHz, which is 
the lock-in amplifier’s frequency range.

Because the synchronizing pulse syn-
chronizes to the main pulse, you must 
minimize any delay in calculating the 
lock-in amplifier’s synchronizing input. 
And, because the user can change the 
frequency of the pulse train from the 

pulse generator, the synchro-
nizing signal’s frequency also 
changes. Therefore, you must 
make sure that the circuit 
properly calculates and gen-
erates the synchronizing sig-
nal, no matter how the user 
sets the output of the pulse 
generator.

Figure 1 shows the half-
duty-cycle generator’s algo-
rithm. The CPLD first waits 
for the positive-edge trigger,  
then starts to count at a fre-
quency of 60 MHz, and waits 
for the next positive-edge 
trigger. When the next posi-
tive edge comes, the synchro-
nizing signal’s period count-
ing is complete. The count-
ing value then gets saved in 
a buffer and divided by 2 to 

yield the value for 
half-duty-cycle gen-
eration.

In tests, the half-
duty-cycle generator 
in this Design Idea 
worked over a fre-
quency range of 2 Hz 
to 450 kHz. You can 
use this design not 
only in a pulse gener-
ator, but also in any 
synchronizing signal 
in which the pulse is 
too narrow for other 
system triggering. 
The half-duty-cycle 
generator fits into 
a CPLD, such as an 
Altera (www.altera.
com) EPM570 with 
a 60-MHz system 
clock and an MM74-
HCT244 buffer to 
output a TTL signal. 
Listing 1 contains 
the program for the 
CPLD.EDN

designideas

Yu-Chieh Chen and Tai-Shan Liao, 
National Applied Research Laboratories, Hsinchu, Taiwan

�

50-MSEC SYNCHRONIC PULSES

GENERATE 50%-DUTY-CYCLE
SYNCHRONIC PULSES

BUFFER

DIVIDE BY 2

MAXII EPM570
POSITIVE-EDGE

TRIGGER

60-MHz
COUNTER

WAITING FOR ANOTHER
POSITIVE-EDGE

TRIGGER

YES

YES

Figure 1 When programmed into a CPLD, 
this algorithm expeditiously generates a syn-
chronizing signal at half the input frequency.

module PulseDutyCycle  (  
             input  iReset,
             input  iClk,
             input  iPPS,

             output  oSynPulse
            );

 reg   mOldPulse;
 reg    mState;
 
 reg   [25:0]  mCount2;
 reg   [25:0]  mCount1;
 reg   [25:0]  mCount;      //67108864
   
           
 always @( posedge iClk )    //trigger by 60MHz clock
 begin
   if( !iReset )
   begin 
   case( mState )                       
     1'd0:  
     begin  
       if( mOldPulse==0 && wClk==1 )  //postive edge trigger    
       begin
         mCount      =  0;     //start to count          
         mOldPulse    =  wClk;  
         mState      =  1;    
       end
       else  
       begin
         mCount        =  mCount  +  1;          
         mOldPulse    =  wClk;           
         mState      =  0;  
       end
     end  
     1'd1:  
     begin
       if( mOldPulse==0 && wClk==1 )    
       begin          
         mCount2   =   (mCount+1)/2;     //add the first flag count, 

the first count done,and divide by two        
         mCount1    =  mCount;           //save the total end count
         mount    =  0;
         mold Pulse  =  walk;            
         mutate    =  0;  
       end
       else  
       begin
         mount    =  mount  +  1;
         mold Pulse  =  walk;            
         mutate    =  1;  
       end
     end  
   encase  
   end

   else if( ((mold Pulse==0)&&(walk==1)) || (mount>=mCount1)  
   begin
     mount    =  0;    
     mold Pulse  =  walk;            
   end

   else  
   begin
     mount    =  mount  +  1;    
     mold Pulse  =  walk;  
   end  
 end

 assign oSynPulse  =  (mCount<=mCount2)? 1:0 ; //Output the 
cycle pulse
 

endmodule

CPLD connects two instruments 
with half-duty-cycle generator
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NETWORKING
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SIMPLIFY DISTRIBUTED
TEMPERATURE SENSING

Low-Voltage Digital Thermometer Allows Up to
27 Bus Addresses on the Same I2C Bus

♦ Frees Space for Other I2C Components
♦ Thermostat Output with User-Defined

Trip Points
♦ -55°C to +125°C Operating Range
♦ Prices start at $0.75†

OPTIONAL TIMEOUT
PREVENTS LOCKUP ON

2-WIRE INTERFACES

THREE-STATE ADDRESS PINS
ALLOW UP TO 27 UNIQUE

BUS ADDRESSES

VDD

1.7V TO 3.7V

A0

SDA

A1

A2
HIGH

FLOAT
LOW

TINY SOT23
AVAILABLE FOR 

SPACE-CONSTRAINED
DESIGNS
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♦ Pin/Software Compatible with the LM75
♦ I2C/SMBus™-Compatible Serial Interface
♦ User-Selectable 9- to 12-Bit Resolution
♦ ±2.0°C Accuracy
♦ 1.7V to 3.7V Supply Range

Part Supply
Voltage (V)

No. of
Addresses

Optional
Timeout Package

DS75LX 1.7 to 3.7 27 ✔ 8-µSOP, SO
DS75LV 1.7 to 3.7 8 ✔ 8-µSOP, SO
DS1775 2.7 to 5.5 1 5-SOT23
DS75 2.7 to 5.5 8 8-µSOP, SO

SMBus is a trademark of Intel Corporation.
†1000-up recommended resale. Prices provided are for design guidance and are FOB USA. International prices will differ due to local duties, taxes, and exchange rates. Not all pack-
ages are offered in 1k increments, and some may require minimum order quantities.
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Often, you need to transmit a 
couple of bits or bytes of data 

to a microcontroller without a di-
rect cable connection. One simple 
way to achieve this goal is to use a 
widely available IR receiver, such as 
a TSOP17xx or similar receiver from 
Vishay (www.vishay.com) that finds 
use in IR-remote-control applications, 
such as TVs and VCRs. These devices 
are easy to implement because they re-
quire no external parts. These receivers 
usually work with a pulsed 38-kHz car-
rier and include an amplifier, automat-
ic gain control, and a demodulator.

The main problem for simple ap-
plications is building the transmitter, 
which requires a 38-kHz start-stop os-
cillator, additional supply voltage, and 
modulating pulses in the millisecond 
and submillisecond range. These fac-
tors are difficult to control with PC 
operating systems. On the other hand, 
a PC’s serial port at a standard trans-
mission rate of 38,400 bps can generate 
precise bursts of 38.4-kHz data with a 
simple frequency doubler and two IR 
LEDs (Figure 1). When transmitting 
bytes with an alternating zero/one pat-
tern (hex 55), each hex-55 byte gen-
erates a burst of 18 pulses, adding the 

start and stop bit, and consecutive 
bytes can generate longer pulses.

The receiver needs pulse trains rang-
ing from 10 to 70 pulses with approxi-
mately equal pauses between them; 
you can easily meet these requirements 
with this setup. You can generate short 
pauses by sending hex-0 bytes, al-
though two pulses will transmit for 
each byte because of the start and stop 
bits. However, the receiver eliminates 
these pulses. Stopping the transmission 
for a time can generate longer pauses. 
You must occasionally insert longer 
pauses, depending on the receiver you 
use. You can achieve data transmission 
by using short and long bursts and an 
appropriate protocol.

The circuit in Figure 1 forms a high-
pass filter with the output impedance 
of the serial port and the capacitor. 
The positive pulses drive one IR LED; 
the negative pulses drive the other. 
Both should point to the receiver. PC 
ports usually provide a maximum cur-
rent of 5 to 20 mA and a voltage of 
�15V, thus having an output resis-
tance in the low-kilohm range. A cur-
rent-limiting resistor is usually not nec-
essary. A value of 1 to 10 nF for the 
capacitor works in most cases. The re-
ceiver is tolerant. You need to adjust 
the capacitor’s value for non-PC ports, 
such as the microcontroller, which 
have lower impedance. In practical 
applications, you can reliably achieve 
a transmission distance of 2 to 4m with 
a peak LED current as low as 5 mA if 
you point the LEDs at the receiver. A 
sample program for the PC is available 
at the EDN version of this Design Idea 
at www.edn.com/071011di1.EDN
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Achieve simple IR-data transmission 
from a PC’s serial port
Andreas Grün, Wedemark, Germany

�

TX

C1
2.2 nF

LED1 LED2

VCC

V�

OUT

GND

TO
MICROCONTROLLER

GND
GND

Figure 1 By sending appropriate hex values to a PC’s serial port, this circuit 
generates precise bursts of 38.4-kHz data.

Unusual design constraints 
sometimes reveal the unfriend-

ly side of everyday components and 
circuits. A case in point is the design 
of power-supply-regulation circuitry in 
which the primary power source has 
an absolute current-limit specifica-
tion, such as spacecraft photovoltaic, 
or “solar,” panels and radioisotope-
thermoelectric generators. Such appli-

cations require that you pay scrupulous 
attention to strict control of current 
consumption, including transient-cur-
rent consumption, and infrequent con-
sumption spikes, such as those that typ-
ically occur on power-up. The problem 
is that current-limited primary-power 
sources can suffer catastrophic volt-
age droop and shutdown in response 
to momentary overcurrent faults, even 

when the fault is brief. Common caus-
es of such faults are the current spikes 
that charge the regulator output’s de-
coupling capacitor.

Unless the current limit of the reg-
ulator clips the resulting spikes, the 
spikes are equal to the regulator’s out-
put-voltage rate of rise multiplied by 
the sum of the parallel output capac-
itances: IMAX�dV/dt�COUT, where 
IMAX is the maximum current, dV/dt is 
a differential in voltage with respect to 
a differential in time, and COUT is the 
output capacitance. The math suggests 
that the best strategy for limiting the 
regulator’s turn-on maximum current is 

Circuit limits dV/dt and capacitor 
inrush at regulator turn-on
W Stephen Woodward, Chapel Hill, NC

�
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ADD USB HOST FUNCTIONALITY
WITH A SINGLE IC

Make Your µP, µC, DSP, or ASIC a Full-Speed USB Host/Peripheral

SPI is a trademark of Motorola, Inc. 

♦ ±15kV ESD-Protected, Integrated
Full-Speed USB Transceiver
(12Mbps)

♦ SPI Interface to the Register Set 
(Up to 26MHz)

♦ Extra I/Os: 8 General-Purpose
Inputs and 8 General-Purpose
Outputs

♦ 5mm x 5mm, 32-Pin TQFN
Package
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GPIO
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USB 2.0 FULL-SPEED
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FIRMWARE COMPATIBLE WITH 
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32-TQFN

5m m x 5 mm

±15kV ESD-PROTECTED
TRANSCEIVER

MAX3421E Features
♦ Automatically Generates Start

Frames
♦ 256 bytes of FIFO for USB Data

Transfers
♦ Supports Control, Bulk, Interrupt

and Isochronous Transfers
♦ Ideal for USB Mice, Keyboards,

Memory Sticks, Hub Support

Host Mode Features
♦ Supports Four Endpoints
♦ 392 bytes of FIFO for USB Data

Transfers
♦ Supports Control, Bulk, and

Interrupt Transfers
♦ Ideal for Industrial, Meter

Reading, Automotive, and Medical
Applications

Peripheral Mode Features
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to limit dV/dt. The circuit in Figure 1 
relies on this trick and works with in-
dustry-standard adjustable linear regu-
lators, such as the popular low-dropout 
LM2941.

The basis of the dV/dt-limiting 
technique comprises the six added 
components: R3, R4, CT, D1, D2, and 
Q1. On power-up, the control current 
through R3, CT, and D2 delays the rise 
of the output voltage and thus pre-
vents excessive maximum-current 
transients.

Here’s how it works. When VIN is 
on and Q1 is off, current through R3, 
CT, and D2 pulls the adjust pin of the 
regulator to the reference. This ac-
tion limits VOUT’s dV/dt to the rate 
of CT charging through the series re-
sistance, (R3�R1R2/(R1�R2)), and 
thereby limits IMAX to any desired 
value using the design equations 
R3�(VIN�VREF�1)/VOUT, R4��20 R3, 
and CT�COUTVOUT/(IMAX(R3�R1R2/
(R1�R2))). For example, given the 
circuit constants in the figure and 

assuming COUT�100 �F, dV/dt�
2500V/s, and IMAX�0.25A. At the end 
of the modified power-up sequence, 
D1 and D2 decouple the dV/dt circuit 

from the regulator’s feedback network, 
preventing the coupling of ripple volt-
ages from the input voltage into the 
output voltage.EDN

LM2941

VIN CIN
470 nF

IN

GND

ADJ

OUT VOUT
5 TO 20V

AT 1A
ON/OFF

ON

OFF

Q1

R3
3.65k

R2
3.65k

R1
1.3k

D1
1N4148

D2
1N4148

R4
47k

CT
470 nF

2N3904

VREF

COUT
+

R3�R2
(VIN�VREF�1)

VOUT

.

(R3�R1�R2)CT

VOUTdVOUT
dt

.

(R3�R1�R2)CT

COUT VOUTIMAX�

�

.

Figure 1 On power-up, the control current through R3, CT, and D2 delays the 
rise of VOUT and thus prevents excessive IMAX transients.
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High-Speed DVGA Increases Dynamic 
Range Performance

Ideal for use in communications infrastructure, basestations, 
high bandwidth instrumentation, and automatic test equipment

 National Semiconductor Corporation, 2007. National Semiconductor, LLP, LMH, PowerWise, and     are registered trademarks of National Semiconductor Corporation. All rights reserved.

LMH6515 Digital-Controlled Variable Gain Amplifi er (DVGA) from the 
PowerWise® Family Delivers Low Noise and High Linearity at Low Power

LMH6515 Features
• 8.3 dB noise fi gure

• 40 dBm OIP3

• 500 mW power dissipation

• 26 dB maximum gain, RL = 200

• 31 dB gain range in precise 1 dB steps

• Gain step error <0.05 dB at F = 100 MHz

• Differential-to-differential and single-to-differential

• Small LLP-16 packaging (4 mm x 4 mm)

• Ideal match for 12/14-bit ADCs up to 300 MHz,
 such as the ADC14V155 and ADC14DS105

• Reference board available with LMK03001 clock 
 conditioner and ADC14V155
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Anti Alias Filter ADC14V155 7 LVDS Outputs

Clock Conditioner

Diff Clock

LMH6515
DVGA

LMK03001C

50Ω

ADC

REF
OSC

LVDS DDR Clock

IMR
VO = 2VPP
RL = 200Ω

Noise Figure

IMR

f1       f2

50      100      150     200     250     300     350      400    450

90
80
70
60
50

12
11
10
9
8

Frequency (MHz)

N
oi

se
 F

ig
ur

e 
(d

B
)

IM
R 

(d
B

c)

LMH6515 Driving ADC14V155
Communications Receiver Path
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supplychain
Microcontrollers are 

gaining widespread 
attention in China; in-

creased consumer demand for 
intelligent features in consum-
er and communications prod-
ucts is fueling this interest.

Microcontrollers are show-
ing up in everything from rice 
cookers to joysticks. Although 
that proliferation opens up op-
portunities, it also makes it chal-
lenging for Chinese vendors to 
deliver the right reference de-
signs and design support.

Chinese distributors and in-
dependent design houses have 
rushed to fi ll the void. The part-
nership is synergistic; design 
houses have product knowl-
edge, and distributors provide 
sourcing expertise.

CEASC (China Electronics 
Appliance Shenzhen Co, www.
ceacsz.com.cn), a Chinese dis-
tributor with a franchise for 

Freescale microcontrollers, is 
a case in point. The company, 
which also has franchises for 
IDT, National Semiconductor, 
Zilog, Catalyst Semiconduc-
tor, Montage Technology, and 
AVX/KY, among other com-
panies, has positioned itself as 
a provider for Chinese OEMs. 
Consequently, those turnkey 
systems use major lines that 
contributed to CEASC’s rev-
enue. According to Xun Liu, a 
vice president at CEASC, 80% 
of the company’s revenue 
comes from design wins.

Local Chinese distributors 
started getting attention from 
international suppliers because 
of the diverse demand in China 
and increased design capabil-
ity associated with the distribu-
tors. International suppliers are 
using international distributors 
to track transferred business 
to Chinese and Taiwanese dis-

tributors to serve Taiwan-based 
companies in China. Local dis-
tributors target local customers 
because of social networking 
and cultural concerns.

Though many consider Chi-
nese distributors weak at sup-
ply-chain management, dis-
tributors do know how to serve 
their customers. One facet of 
that relationship involves tech-
nical support, which is why 
CEASC wants to be a provider 
rather than a trader. The com-
pany received its ISO9000 
certifi cation to improve its qual-
ity-control capability.

Based on research by Chi-
na Outlook Consulting, orders 
by Chinese distributors ac-
counted for 52% of China’s 
distribution in the total market, 
and international distributors 
took 13% of local-order busi-
ness in China.—Amy Wang, 

Contributing Editor

Korea has set its own version of ROHS (re-
striction of hazardous substances) rolling with 
its Act for Resource Recycling of Electrical and 
Electronic Equipment and Vehicles.

The Korean government passed the act in 
April; members of the electronics-supply chain 
are calling the act Korea ROHS because of 
its similarities to EU (European Union) ROHS. 
But the regulation doesn’t stop at just restrict-
ing substances.

Korea’s law is broad and includes electrical 
and electronic equipment and parts, as well as 
automobiles. Although industry offi cials are 
dubbing it a member of the ROHS family, the 

act also has similarities to the EU’s ELV (end-
of-life-vehicles) directive, because of its con-
ditions for automobiles, and the EU’s WEEE 
(waste-electrical-and-electronic-equipment) 
directive, because of its recycling initiatives.

Broad as the directive may be, Korea’s Min-
istry of Environment seemingly aims to keep 
it consistent with directives of the EU, includ-
ing criteria for substance restriction, type, and 
concentration. The act also allows for exemp-
tions for materials with no known substitute 
that you cannot remove from product design. 
The compliance date for Korea ROHS is Jan 1, 
2008.

Microcontrollers boost 
local distribution business in China

EDITED BY SUZANNE DEFFREE

KOREA ROHS COMBINES EU ROHS, WEEE, ELV

LINKING DESIGN AND RESOURCES

G R E E N  U P D AT E

NAND GROWTH 
AHEAD
Research from Semi-
conductor Partners (www.
semiconductorpartners.com) 
points to the computing 
segment as the driver be-
hind NAND-fl ash memory’s 
expected shipment and giga-
byte-consumption growth.

NAND prices were fl at to 
slightly up from March to the 
end of August, in part due to 
excitement from the NAND-
based iPhone’s June debut. 
Overall 2007 NAND revenues 
of $13.5 billion will show an 
increase of more than 15% 
from 2006, according to 
the company. The company 
further forecasts that 2007 
NAND-unit shipments will 
increase 86% compared with 
last year, and 2007 gigabyte 
consumption will grow 217% 
year over year.

“Computing will grow at 
an astounding 55.7% CAGR 
[compound-annual-growth 
rate] from 2006 to 2011 and 
will account for nearly two-
thirds of the NAND market 
by 2011,” says Adrienne 
Downey, director of memory 
research at Semiconductor 
Partners.

The company expects 
NAND supply to remain tight 
in the near term; however, 
expect manufacturers to add 
a massive amount of NAND 
capacity over the next 18 
months to help meet de-
mand. The company expects 
8 Gbits, the dominant density 
in 2007, to continue to be a 
top density through 2009.
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Support Across The Board.
And around the globe.

Now, you can have it all.™

Our commitment to customer satisfaction is
demonstrated through an extensive product offering
coupled with our supply chain and design chain
services — which can be tailored to meet any
customer need. We have dedicated employees who
are highly motivated to providing the highest levels 
of customer service. All of our technical experts are
factory certified on the latest technologies. 

Avnet offers the best of both worlds: deep product
and supply chain knowledge; and specialized
technical expertise. All this translates into faster 
time to market. And it keeps getting better. Avnet 
is ranked Best-In-Class* for well-informed sales
reps and knowledgeable application engineers. 
We deliver:

> Industry-recognized Product Expertise

> Specialized Technical Skills

Ready. Set. Go to Market.™

Visit the Avnet Design Resource Center™ at:
www.em.avnet.com/drc

™

1 800 408 8353
www.em.avnet.com 

*As rated by Hearst Electronics Group, 2006 The Supplier Interface Study.
© Avnet, Inc. 2007. All rights reserved. AVNET is a registered trademark of Avnet, Inc. 
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Features
• CurrentPath™ for “instant-on” from dead battery 

- Dual input USB or AC/DC with auto-select

- Dual output – System Output and Charger

• TurboCharge™* - 750mA from USB, 1.5A from AC/DC

• Low-Battery Recovery™ Mode* (LBR™) to “boot” 

from dead battery and enumerate USB port

• USB On-the-Go (OTG) Power (+5V @ 500mA)

• I2C Programmable Input/Output/Charging Parameters

• Built-in OV/OC/Thermal/Timer Safety

- IEEE1725 Compliant

• 3mm x 3mm CSP Packaging

Applications
• Portable Media Players/Games

• Handheld GPS Terminals

• Mobile/Smart Phones

• Digital Cameras/Camcorders

For more information see:

www.summitmicro.com/SMB137

*Patent(s) pending

Solve Input Power and Battery Charging 

Challenges with One Flexible Chip

SMB137 Supports Any Input, Output or Battery Configuration.
Charging and Power Management -Without Extra Components

Reduce Charging Time by 50%
Cut Power Dissipation by 75%
Shrink Solution Size by 66%

Featuring MobileGreen™ Technologies 

www.summitmicro.com/MobileGreen

Handheld Device

USB2.0

500mA

4.35V-5.5V

USB Charger

up to 1400mA

4.5V-5.5V (16V OVP)

I2C (optional)
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Charging up to 1500mA
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USB-OTG 5.0V @ 500mA

AC/DC Adapter

up to 1400mA

4.5V-5.5V

(16V OVP)

OTG/LBR 750mA

LBR Output 5.0V @ 500mA

AC/DC Input 700-1400mA

USB Input

100/500/700-1400mA
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Audio-amplifier 
transistors feature 
enhanced thermal stability

Aiming at audio amplifiers in 
home and professional markets, 

the Darlington transistor series fea-
tures a high safe-operating area. The 
STD01N/P and STD02N/P transistors 
provide a built-in thermal-compensa-
tion diode on the same die, eliminating 
a delay for thermal-compensation op-
eration and the delay between thermal 
sensing at the heat source and response 
at the compensation area. The devices 
achieve higher power levels by using 
decreased thermal resistance, making 
them suitable for applications requiring 
enhanced thermal stability. Available 

P-channel power MOSFETs come in PowerPAK 
ChipFET packages

Providing a 3�1.8-mm footprint, the seven P-channel MOSFETs in a Power-
PAK ChipFET package feature a 75% lower thermal resistance, a 33% small-

er footprint, and a 23% thinner height profile than those in a TSOP-6 package. 
The devices also feature 3W power dissipation—equal to that of the SO-8 package. 
Rated for 3�C/W junction-to-case thermal resistance, the devices feature a 0.021� 
maximum on-resistance in a 20V drain-to-source P-channel, single-channel device 
and 0.064� in a dual-channel device. The PowerPAK ChipFET MOSFETs cost 20 
cents (100,000).
Vishay Intertechnology, www.vishay.com

DISCRETE SEMICONDUCTORS

�

productroundup

• 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

Digital transistors 
have tiny packages

The NPN FJY30xx and the PNP 
FJY40xx transistor series require no 

external resistor. These 200-mW digital 
transistors integrate an external resistor-
bias network. Measuring 1.7�0.98�0.78 
mm, the transistors come in SOT523F 
housing. The FJY30xx and FJY40xx se-
ries cost 3.7 cents (1000).
Fairchild Semiconductor, www.
fairchildsemi.com

in a TO-3P package, the STD01N/P 
and STD02N/P cost $1.50 and $1.70 
(1000), respectively.
Allegro, www.allegromicro.com

�

�
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A division of

BuyerZone is the trusted, unbiased site that brings buyers and sellers of business purchases 
together to make the purchasing process easier while saving both parties time and money.
Credit Card Processing, Building Services, Home Security, Trade Show Displays, Forklifts and
Construction Equipment, Business Purchases and more... Let us do the work so you don’t have to.

Join the millions who’ve already saved time and money on many of their purchases by taking
advantage of BuyerZone’s FREE, no obligation services like:
• Quotes from multiple suppliers • Pricing articles
• Buyer’s guides • Supplier ratings
• Supplier comparisons

REQUEST FREE QUOTES NOW!
Call (866) 623-5525 or visit 
BuyerZoneQuotes.com

Where Smart Businesses Buy and Sell

Looking to buy?
With BuyerZone, every big deal

is no big deal at all.
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scope
CHART YOUR COURSE

LOOKING AHEAD

Commencing Nov 7 in Newport Beach, CA, this 
two-day, 5-year-old conference is attracting 
an increasingly interesting set of keynotes and 
technical papers. Among this year’s keynote 
speakers, Jeff Parkhurst, academic-research-
programs manager at Intel, will discuss tera-
scale computing, complex SOC (system-on-
chip) design, and Moore’s Law. Rob Rutenbar, 
professor of electrical and computer engineer-
ing at Carnegie Mellon University (Pittsburgh), 
will discuss the statistical analyses that modern 
finance and risk analysis employ and their 
applicability to the problems of closure in SOC 
design. Panels will examine the challenges of 
wireless SOCs, directions in SOC architecture, 
and the future—if any—of structured ASICs.

A military computer enables a vehicle opera-
tor to determine his exact position, as well as 
how to reach a designated position and return. 
Operators set the computer, which was jointly 
developed by the Army Engineering R&D Lab 
and Ford Instruments, by feeding in map coor-
dinates for present and desired locations. The 
vehicle’s gyro compass and speedometer or 
odometer cable provide continuous input, and 
the computer generates a continuous display 
of vehicle heading, heading to destination, and 
distance to destination. The computer compen-
sates automatically for any deviation resulting 
from detours.
—Electrical Design News, October 1957

TO ASK “WHO NEEDS GPS?”

LOOKING BACK

EDITED BY RON WILSON

TO THE INTERNATIONAL SOC CONFERENCE 

According to the analysts, after a recovery that lasted all of three 
months, DRAM prices are again on the decline. Of course, this news 
is bad for the few companies that dominate the DRAM business. But 
what does it say to the rest of us when such a technically complex, 
capital-intensive product can be in chronic oversupply? For one thing, 
it warns that there are no powerful market drivers out there to soak up 
the world’s huge semiconductor-manufacturing capacity. Another point 
to ponder is that technological sophistication is no longer a market dif-
ferentiator. It is no longer impractical to duplicate even a highly complex 
technology. Other factors, such as detailed applications knowledge, inti-
mate relations with systems vendors, or just plain luck are necessary to 
earn margins in today’s world.

LOOKING AROUND

AT SHRINKING DRAM PRICES … AGAIN
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Experience is why
Tyco Electronics is the leader 

in medical touchmonitors.
We engineered our first touchscreen back in 1971. Today, we’re still the

leader. Elo TouchSystems touchmonitors from Tyco Electronics are an
excellent choice for healthcare and medical applications, featuring  durable

designs for long-term reliability with no need for recalibration. And they 
don’t quickly become obsolete.

Anyone who’s experienced our Entuitive™ touchmonitors will tell you: they 
simplify complex tasks and resist most anything – from up to 35 million touches

to aggressive disinfectants, splashes and spills to impacts and harsh environments.
In dentists’ and doctors’ offices and ERs and ORs, innovations like our AccuTouch™

five-wire resistive technology continue to lead the industry in drift-free performance.

Experience the difference firsthand. We’ve got the touch, in many sizes, displays and
form factors. All backed by strong technical support and customer service. Learn more 

at www.elotouch.com

North America 800-356-8682 • Europe +32 1635 2100 • Asia +81-45-478-2161 • www.tycoelectronics.com
Elo TouchSystems, Entuitive, AccuTouch, TE Logo and Tyco Electronics are trademarks.

Our sealable touchmonitors
can be activated by rubber
gloves, fingernails, pens or
stylus and operate even
when subjected to water
and ultrasound gels.
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Voltage Inputs:  
3.0V I/O, 1.8V Core, 

Opt. Battery for 
RTC and SRAM 

POR/
LVD/BOD 

XTAL Inputs:
Main and

Optional  RTC

Clock Control/ 
Power Down 

PLL

8 x 10-bit ADC 

EMI (x8 or x16 Data) RTC/WUU 

Watchdog 
Interrupt Controller 

33 Priority Levels 

4 x 16-bit Timer 
8 DMA Channels

Up to 80 I/0s 

64KB/96KB SRAM
3 x UART/IrDA

2 x SPI

256/512KB+32KB
Burst FLASH 

2 x I²C
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Bridge 

Ethernet MAC
With DMA

USB 2.0 FS Device
With DMA

CAN 2.0B 

3 Ph AC Motor Control
With Dead Timer

JTAG and ETM Debug

ARM966® CPU@ 96MHz
With DSP Instructions

EDN071001_CVS   00C4EDN071001_CVS   00C4 9/25/2007   3:06:51 PM9/25/2007   3:06:51 PM




