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BASIC Stamp 1 OEM module $45 (#27295)

The original BS1 OEM module is available in a
handy through-hole format. This module has a
3-pin header for your parallel port. The module
plugs into a breadboard where it connects to +5
V, ground, and 8 I/0 pins. The OEM Stamp
1 holds about 80 lines of code and executes
2,000 instructions per second.

Efig?$¥EEEEvF?EE*E5£

[CTTTETTECRTTETT

BASIC Stamp 2 OEM module $59 (#27290)

The very popular BS2 OEM module has a DB-9 serial
connector built right onto the board. All parts are
socketed for easy replacement. Our PBASIC inter-
preter runs in a PIC16C57 and executes 4,000
instructions per second. Holds about 500
lines of code. Useful commands for serial,

Order online at DTME, and sound.

www.parallaxinc.com
or call Parallax sales
toll-free (in the US)
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BASIC Stamp 2e OEM module $59 (#27293)
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The OEM BS2e module is the solution for custom-
ers who need additional RAM and EEPROM space
from a OEM Stamp 2 without the higher speed (and
associated power consumption) of an OEM BS2SX
module. Executes 4,000 instructions per second
and holds about 4,000 lines of PBASIC code. Qur
interpreter runs from a SX28AC/DP.

888/512-1024
Monday-Friday
7 a.m. - 5 p.m. PST
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BASIC Stamp 2sx OEM module $59 (#27294)
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The OEM BS2sx is 2.5 times faster than the BS2e
(left). Ideal solution for BS2 users who have
needed additional program execution speed. Exe-
cutes about 10,000 instructions per second and
holds about 4,000 lines of PBASIC code.
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Multitasking

Computers

In Tiny
Modules

Upto 6 M Byte

FLASH #:3:7.\)
Qty 1000
Miniature Process Computers
Reduce Space and Cut Costs
License-free  multitasking system BASIC Tigers™ deliver what developers and manufacturers
Complete computer systems in tiny modules really want:
Compe DIP e modles NS S01S g o angnaad and oty ncns

device drivers for flexible 1/0 interfacing, high product
reliability and code stability, high-speed vector & pixel
graphics, easy expandability, fast integer and double-
precision floating-point math, virtually unlimited program
size and more.

Economical cut consumption (50mA @ full speed),
cut components, cut system cost
Streamlined  super-fast development cycles

0EM and Distributor Inquiries welcome! - Prices do not include applicable tax and shipping costs. Prices and packages may be different outside the U.S. TINY Tiger™ and BASIC Tiger™ are Trademarks of Wilke Technology

Digital, analog and serial I/0 channels in module
Expansion Bus for up to 4,096 I/0 lines
160 kB ... 6 MB FLASH + SRAM, RTC, Watchdog

Wilk BASIC Tigers™ are tiny, high-precision,
e i
multitasking computer modules that are

ideal for your project development and w
series product applications. They are

available in a wide range of module sizes

at surprisingly reasonable prices.

Sound good? You bet! Test the Tiger at no risk today.
Contact your local dealer:

0O & G000

THE BASIC TIGER™

USA: Kg Systems Inc., (800) 292-4303, Fax: (973) 515-1033, sales@kgsystems.com ¢ Saelig Company, 1-888-7SAELIG, Fax: (716) 425-3835, saelig@aol.com
CAN: Premier GPS Inc., (403) 295-8879, Fax: (403) 274-3021, tabsha@premier-gps.com

Australia: JED microprocessors, +61(3) 9762 3588, Greece: Electrotechnic Hellas S.A., +30(221) 43 602, India: ICON microcircuits, +91 (44) 432 1857, Italy:
Daniele Oboli Engineering, +39 (382) 577 987, Korea: Sample Electronics, +82 (2) 707 3882, Netherlands: Embedded Technology B.V., +31 (488) 431 855,
Uganda: Uganda Electronics & Computer Ind. Ltd., +256 (41) 348 708, Intnl: Wilke Technology GmbH, Box 1727,52018 Aachen, Germany, +49(241)918-900,
Fax: +49 (241) 918-9044, email: sales@wilke-technology.com

http://www.wilke-technology.com
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¢ 2 Channel Digital Oscilloscope

* 100 MSa/s max single shot rate
* 32K samples per channel

¢ Advanced Triggering

*Only 9 0z and 6.3” x 3.75” x 1.25”
e Small, Lightweight, and Portable
¢ Parallel Port interface to PC

¢ Advanced Math options

¢ FFT Spectrum Analyzer options

* 40 to 160 channels

e up to 500 MSa/s

¢ Variable Threshold

8 External Clocks

* 16 Level Triggering

e up to 512K samples/ch

e Optional Parallel Interface

I;D 3 EV;D T

1 el ] 1000
10 Lol «iiv] 10000
100 | v] «iiv] soo00

1.0000uS

e Optional 100 MSa/s Pattern Generator

LA4240-32K (200MHz, 40CH) $1350
LA4280-32K (200MHz, 80CH) $2000
LA4540-128K (500MHz, 40CH) $1900
LA4580-128K (500MHz, 80CH) $2800
LA45160-128K (500MHz, 160CH) $7000

All prices include Pods and Software

DS0-2102S $525
DSO-2102M  $650

Each includes Oscilloscope,
Probes, Interface Cable, Power
Adapter, and software for
Win95/98, WinNT, Win2000
and DOS.

-
"
e

* 24 Channel Logic Analyzer
* 100MSa/S max sample rate

j * Variable Threshold Voltage

e Large 128k Buffer

* Small, Lightweight and Portable
*Only 4 0zand 4.75" x2.75" x 1"
* Parallel Port Interface to PC

* Trigger Out

* Windows 95/98 Software

LA2124-128K (100MSa/s, 24CH)
Clips, Wires, Interface Cable, AC
Adapter and Software $800

Link Instruments e 369 Passaic Ave e Suite 100  Fairfield, NJ 07004 e (973) 808-8990 e Fax (973) 808-8786


www.LinkIns4.com
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ChipCenter: The Web's Definitive E

| Address http:/lwww.chipcenter.com/circuitcellar

ChipCenter

LOGIN/REGISTER

Buy Parts Now!
p myChipCenter

» Knowlege Centers

) Guides & Experts

) Product Reviews

) Communities

) Online Tools

) Circuit Cellar

) Resources

) Real Life

SEARCH CHIPCENTER Q

Let us help keep your
project on track or simpli-
fy your design decision.
Put your tough technical
questions to the ASK US
team.

The Ask Us research
staff of engineers has
been assembled to share
expertise with others.
The forum is a place
where engineers can
congregate to get some
tough questions
answered, or just browse
through the archived
Q&As to broaden their
own intelligence base.

8 Additional Questions

GCIRCUIT GELLAR

THE MAGAZINE FOR COMPUTER APPLICATIONS
Circuit Cellar Online offers articles illustrating creative solutions
and unique applications through complete projects, practical
tutorials, and useful design techniques.

/ This Month YArchive { About Us { Contact \{RLLGERSIINEY

USING PERL IN EMBEDDED SOFTWARE DEVELOPMENT

by Liu Kai
The PicoWeb design inspired Liu to use Perl for embedded software development.
Because Perl is fully open-source, you can modify the code to your demands. Using
Perl may not be a new idea, but why not try using it in embedded software indus-
tries? You'll find it useful in almost every session of development. March 2001

0

SELECTING THE RIGHT MICROCONTROLLER UNIT

by Chad Gallun
It's a personal choice, but there are many factors to consider. This month, Chad
takes us through the ins and outs of choosing the right MCU. His chief goal, of
course, is to reduce cost while still satisfying the specifications for performance and
reliability. The first step is determining your needs, then just follow this guideline for
mapping out criteria for the optimal decision. March 2001
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THE POWER FACTOR

by George Novacek
Power quality has become increasingly critical for all commercial equipment. The
regulations are looming and traditional 400-Hz generators are gradually being
replaced by 400-Hz variable frequency generators, delivering power at frequencies
between 320 and 780 Hz. Efficiency, weight, and economics dictate in this area of
AC electric power distribution. March 2001

0

AN S-7800A/PIC16F877 JOURNEY

Part 3: Hot-Wiring the System
by Fred Eady

Using a PIC to communicate over the Internet? Fred is just as surprised as you, but
nevertheless, that is the task at hand for this month. With in-circuit programmable
flash memory and four times the 1/0O space of the old PIC16C55, he started the ball
rolling with SMTP. Once you know how to send e-mail with small embedded devices,
you’ve hit guru status. March 2001
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STRUCTURED DESIGN

Part 1: An Introduction to Structured Techniques
Lessons from the Trenches—by George Martin
George was betting that he wouldn’t be at a loss for words this month, and he was
right. Structured programming as it pertains to flowcharts and Nassi-Schneiderman
charting holds his interest and ours, as he shows us why we can put the nightmare
of debugging spaghetti code on the back burner. All you need is sequence, selec-
tion, and iteration and controlled code will follow. March 2001

ANALOG BIT BOMB

Silicon Update Online—by Tom Cantrell

This month, the hardware wizards are defending their spot in what Tom refers to as
the “battle of bloat.” Even though there is a slowdown in PC sales, older PCs still
have the horsepower to get the job done, so why upgrade? Still, we’ve come a long
way, as Tom shows us TI's ADS1216, a complete data acquisition subsystem that
deals in precision as opposed to speed. Is relief is just a new chip away? March 2001
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Order your
own complete

set of
Circuit Cellar
Online
archives.

First 6 issues
July-Dec 1999
are available.

CD Includes:
All HTML files

Article PDF

Code files

Navigate and use
just as you
would online.

(no Internet connection required)

*Portable MP3
Players

Rick Prescott

*Oscilloscopes

sEthernet Cabling

Brant Schroeder




Seetron Serial LCDs

..almost too easy!

LCD have a well-deserved
s reputation for being a
pain in the neck to interface. Their e
|'|' A
non-standard parallel busses and weird " H’I-ZEGH 2x16 serial LCD
S 2 i’ ultra-low power
timing are enough to turn your hair 45.00

gray—if you don't pull it out first. Our

: s R T T
-——-—_r—:r.:

LCDs have an easy-to-program serial
interface (up to 9600 bps) that makes
them a snap to use, particularly with [LM-216L

friendly micros like BASIC Stamps®. 2x16 serial LCD
3 w/ switch inputs,

* Easy hookup and mounting. We don't p=— —— wnﬁg:g:nﬂm

stop at simplifying display interfacing
and programming. For easy, quick
connections, we offer a variety of ready-
made wiring harnesses. Need mounting
hardware? We've got that, too.
SGX-120L

120x32-pixel
serial graphics LCD

products are in stock and ready to ship || 99.00
the day you place your order.

* In stock right now. Hate to wait? Our

* Online satisfaction. Our customers
love our web site—it's fast, uncluttered,

and jammed with tech data on our ' - ; TRAM-425L
2 4x20 serial LCD
products, The online store runs weekly w/ keypad input,

sales with savings up to 40%. Checkout 95‘“"::'; gl
is a breeze with a simple one-page form.

www.seetron.com

Many more
models available

Scott Edwards Electronics, Inc.
at seetron.com

1939 5. Frontage Rd. #F, Sierra Vista, AZ 85635
phone 520-459-4802 » fax 520-459-0623
web www.saelron.com * email sales @seetron.com
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TECHNICAL EDITORS CUSTOMER SERVICE
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Rachel Hill
! ART DIRECTOR
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WEST COAST EDITOR
Tomscﬁe”s ° GRAPHIC DESIGNERS
Naomi Hoeger
here are plenty of good reasons for CONTRIBUTING EDITORS Mary Turek
attending a trade show such as the M'gkg gﬁ%;fte STAFF ENGINEERS
Embedded Systems Conference. There are Fred Eady Jeff Bachiochi
technical classes and tutorials, industry-expert George Martin Jon Gorsky
| ions that tend. and II,k' ds of d George Novacek QUIZ COORDINATORS
pane sgsspns at you can attend, and all kinds of new prod- NEW PRODUCTS EDITOR David Tweed
ucts being introduced by hundreds of vendors on the show Rick Prescott Michael Smith
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the managing editor, | have my own agenda when it comes to Steve Bediord Norman Jackson
trade shows. James Soussounis David Prutchi
My engineering ability will always take a backseat to my edit- David Tweed
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the panel sessions are a little more informal and often the best PRINTED IN THE UNITED STATES
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and tell lona-time Circuit Cellar fans when Steve will be back at (860) 875-2199 E-mail: elyshia.gottier @circuitcellar.com
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the booth so they can meet him. (It's April, of course I'm kid- Valerie Luster Fax: (860) 871-0411
ding!) Seriously though, | do spend the majority of my time (860) 875-2199 E-mail: val.luster@circuitcellar.com
tending the booth, which gives me a great opportunity to talk to ADVERTISING CLERK Sally Collins
engineers who are familiar with the magazine and enjoy the CONTACTING CIRCUIT CELLAR
. . . . . SUBSCRIPTIONS:
hands-on appllcatlon articles and solutions that we pUb|ISh INFORMATION: www.circuitcellar.com or subscribe@circuitcellar.com
To Subscribe: (800) 269-6301, www.circuitcellar.com/subscribe.htm, or
every month. subscribe@circuitcellar.com
’ id i i i f PROBLEMS: subscribe@circuitcellar.com
As I've said in the pas't, engineers who read C/rcwt.Cellar o OBLEWS: subscro
usually make the best Circuit Cellar authors. And, asking about TELEPHONE: (860) 875-2199  Fax: (860) 871-0411
. . T . , INTERNET: info@circui .com, editor@circui .com, or www.circuitcellar.com
their latest projects is like asking about a new baby. I've been EDITORIAL OFFICES: Editor, Circuit Cellar, 4 Park St., Vernon, CT 06066
: NEW PRODUCTS: New Products, Circuit Cellar, 4 Park St., Vernon, CT 06066
shown photos, sketches, and even a completed article manu- newproducts@circuitcellar.com
script. And that's the real reason I'm there, to find more great AUTHOR CONTACT: . )
K L. L. L. E-MAIL: Author addresses (when available) included at the end of each article.
projects and authors to publish in Circuit Cellar and Circuit - - - - .
Cellar Online For information on authorized reprints of articles,

contact Jeannette Ciarcia (860) 875-2199 or e-mail jciarcia@circuitcellar.com.

NOt everyone Who comes by the bOOth remembers the dayS CIRCUIT CELLAR®, THE MAGAZINE FOR COMPUTER APPLICATIONS (ISSN 1528-0608) and Circuit Cellar Online are published

of “Ciarcia’s Circuit Ce”ar" in BYTE |n the course Of eaCh trade monthly by Circuit Cellar Incorporated, 4 Park Street, Suite 20, Vernon, CT 06066 (860) 875-2751. Periodical rates paid at Vernon, CT
and additional offices. One-year (12 issues) subscription rate USA and possessions $21.95, Canada/Mexico $31.95, all other
show, at least 10 peop|e look at the booth and ask, “Circuit countries $49.95. Two-year (24 issues) subscription rate USA and ions $39.95, C ico $55, all other countries
s . p s $85. All subscription orders payable in U.S. funds only via VISA, MasterCard, international postal money order, or check drawn on U.S.
Cellular? What's that?” I'm often tempted to reply, “That’s what bank
, » ) Direct iption orders and ipti lated i to Circuit Cellar Subscriptions, P.0. Box 5650, Hanover, NH
happens when you don’t sound out your letters.” However, I've 03756-5650 or call (800) 269-6301.

Postmaster: Send address changes to Circuit Cellar, Circulation Dept., P.O. Box 5650, Hanover, NH 03755-5650.

read Dale Carnegie’s book, and nowhere does it recommend , : : :

. . . . . . Circuit Cellar® makes no warranties and assumes no responsibility or I\abl\vny of any }f\nd for errors in these programs or schemaﬂgs or for the con-
sounding like a nagging kindergarten teacher in order to win Secmblot o, G Akt sk g eponoly o o an o ecer ssmied POt s o or o
friends and get engineers to write articles.

plans, descriptions, or information published by Circuit Cellar®.

The information provided by Circuit Cellar® is for educational purposes. Circuit Cellar® makes no claims or warrants that readers have a right to
build things based upon these ideas under patent or other relevant intellectual property law in their jurisdiction, or that readers have a right to con-

struct or operate any of the devices described herein under the relevant patent or other intellectual property law of the reader's jurisdiction. The
reader assumes any risk of infringement liability for constructing or operating such devices.
\ b Entire contents copyright © 2001 by Circuit Cellar Incorporated. Al rights reserved. Circuit Cellar and Circuit Cellar INK are registered trademarks of

Circuit Cellar Inc. Reproduction of this publication in whole or in part without written consent from Circuit Cellar Inc. is prohibited.

rob.walker @circuitcellar.com
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NIV NUISIMENEWS

Edited by Rick Prescott
1/4-VGA LCD MODULE
By using the latest in Tape Automated Bonding (TAB) Densitron Corporation
packaging technology, an ultra-thin LCD module has (562) 941-5000

been designed that integrates all the necessary drive elec- Fax: (562) 941-5757
tronics, electroluminescent (EL) backlight, and EL back-
light DC/AC inverter into a single device. The new pack-
aging design has removed the need for elastomers to con-
nect the LC glass to the PCB. The finer pitch employed
by TAB packaging allows the driver chips to be bonded
directly to the edge of the glass, thereby maxi-
mizing the active viewing area and minimizing
the inactive area around the display. This technol-
ogy will enable OEMs to integrate thin, light-
weight, and low-power LCD modules into their
hand-held and mobile applications at a cost-effec-
tive price. Applications include Personal Digital
Assistants (PDAs), Global Positioning Systems
(GPS), and other hand-held devices.

The PM9149B module has a 320 x 240 pixel
matrix (1/4-VGA) with a pixel pitch of only 0.23 x
0.23 mm. Other unique features include: lightweight,
compact design (weighs only 1.76 oz/ 509), low power
operation, 3.3 V at 2.0 mA (6.6 mW), onboard EL back-
light inverter to power integrated EL backlight, anti-
glare finish with hardcoat option, and film-supertwist
(FSTN) LCD technology with transflective positive
polarization. The module drive method is 1/240 duty,
1/13 bias with 70-Hz frame refresh rate and the operating
temperature ranges from -20°C to 70°C.

Prices start at $50 for 1,000 pieces.

www.densitron.com

USB MINI TOUCHSCREEN CONTROLLERS

The TSHARC-10USBm and TSHARC-12USBm are two 4096 for drawing, character capture, or other precision-
new USB analog resistive touchscreen controller lines. intensive applications.
TSHARC-10USBm controllers support a resolution of 1024 x The controllers are HID-compliant to assure smooth
1024, making them ideal for most touch input applications. integration with OEM applications involving compact
TSHARC-12USBm controllers have a resolution of 4096 x LCDs, industrial controls, retail kiosks and medical

equipment. They are also compatible with all major
touchscreen manufacturers, including MicroTouch, Elo
TouchSystems, 3M Dynapro, Transparent Devices,
Bergquist, Gunze, Nissha, and others.

Boards are available in 4-,5-,7-, or 8-wire configura-
tions. Controller board packages are priced between $35
and $50 each, depending on the configuration and vol-

!!Ff.t I{ : ume required.
' ' Hampshire Company
(414) 873-4675
Fax: (414) 873-4775
— www.hampshiretouch.com

8 Issue129  April 2001 CIRCUIT CELLAR® www.circuitcellar.com
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MSP430F1101: a 16-bit RISC
Flash MCU for only $0.99

B Ultra-low power consumption —
250-pA active mode, 0.8-uA standby
mode at 2.2 V (typ.)

B Integrated analog comparator ideal for
precise mixed-signal measurement

W 16-bit RISC architecture enables new
applications at a fraction of the code size

g.:]_;;".',', "‘il i W 16-bit PWM timer allows highly flexible
g multichannel capture and compare

W In-system programmable Flash
permits last-minute code changes and

Comp_A field upgrades
it s B The MSP-FET430x110 complete
s ,-"/ By — s, integrated development environment
e - <
VISPA430F1101 1 kB Flash __$0.99 (10K)* ’ available for only $49
MSP430F1121____4kB Flash__$1.74 (10Ku)
MSP430 Road Map
Flash
OEM ROm ’ Flash
Join in the latest revolution: ultra-low-power Flash MCUs at ultra-low prices from b, LCD Driver

Texas Instruments. The MSP430 is the ultra-low-power solution for mixed-signal processing. ’ ’ ‘
The F1101, a Flash MCU with a modern 16-bit RISC architecture, combines Tl's expertise in ’ .

analog and digital signal processing. Its ultra-low power consumption makes the F11071 ideal ’
for battery-powered applications such as utility metering, intelligent sensing and portable . ’
measurement. On-chip emulation simplifies application development. Best of all, all of the :1 }-
MSP430 devices, including the F1101, are source code compatible. 1998 2002

Performance

>

Contact us for the

MSP-FET430x110 development WWW.ti.Com/SC/ﬂ 101
tool for only $4CIEEE 1-800-477-8924, ask for ext. F1101

MSP430x11x1 data sheet.

The red/black banner is a trademark of Texas Instruments. 39-6800 © 2001 TI

THE WoRrLD LEADER IN DSP anD ANALOG QTEXAS

INSTRUMENTS
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STANDALONE SOUNDBOARD

Totally self-contained on a 4.2” x 4.2” circuit board,
the DM2208A can play back up to 128 sound files
stored in EPROM memory chips. Standard Windows
WAV files digitized at 8-bit, mono PCM format in
sampling rates of 6, 8, 11, 16, or 22 KHz are supported.
When using the 6-KHz sampling rate, up to 11 minutes

NEW PRODUCT ©NIAYVA

of sound can be stored. Either contact closures or logic
pulses can activate playbacks. The built-in power amplifi-
er can deliver 1-W output directly into a speaker. The
sound board can be battery-operated.

The soundboard’s advantage over similar products is
that it eliminates the need for signal reprocessing. In the
past, sound files in standard formats must be re-digitized
or converted into a proprietary format by using special
equipment or software. This process usually adds addi-
tional noise and distortion to the sound. The board elimi-
nates this extra step and offers sound quality as good as
the original sound. Applications include message
repeaters, talking displays and exhibits, vending machine
and amusement equipment, audio output, security
alarms, and more.

Unit price is $48 in single quantity. EPROM chips not
included.

Eletech Electronics
(626) 333-6394

Fax: (626) 333-6494
www.eletech.com

oy

The Easy GUI™ Starter kit (STK-GT320) also includes our

PHTML™ Compiler, sample HTML files, and sample images.
Plus, the onboard flash is factory programmed with pHTML
pages so you can be up and running — right out of the box!

Ready To Integrate Into Your Product

©2001 Easy GUI and pHTML are Trademarks of Amulet Technologies. U.S. and Foreign Patents Pending.

Incredible Time Saver — create a GUI in hours/days instead
of weeks/months

HTML-Based GUI — converts from HTML, JPEG, and GIF
into small, quickly-executable Amulet pHTML™ pages

1/4 VGA, 3.8-inch, Monochrome Display — with ultra
bright backlight and fully-integrated analog touch panel

Dedicated GUI Controller — manages the GUI, interacts with
the user, and controls the LCD — Frees up your micro!

Processor Independent — easily interfaces to most micro-
controllers (8/16/32-bit and even DSPs)

Replaces Traditional GUI Library — No library porting,
complex GUI programming, or RTOS required

Standard RS232 Interface — Up to 115.2 Kbps, cable included

64K-Bytes of Onboard Flash Memory — For storing
hundreds of Amulet pHTML pages that you create

I
o7 Amulet Technologies
/ ' AN GUI Engines For Embedded Systems

www.AmuletTechnologies.com  (408) 244-0343

10 Issue129  April 2001
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READER 11{0,

BRING THE HEAT

| enjoyed George Novacek’s articles relating to high temper-
ature electronics. | have been working as a field maintenance
tech in the oil field exploration sector for several years. Working
on the repair side | have seen several unique failure modes of
various electronic components. Most of the surveying instru-
ments | work on are designed to operate up to 400°F, take
severe vibration, and withstand 25,000 psi of pressure. Some of
the signals that are measured start in the nano-volt range and
must be amplified, digitized, and sent up 30,000' of 7 conductor
armored wire cable. The design teams that create these instru-
ments have a tall order in this task. Most of the older instru-
ments used military spec components, but with the shrinking of
the military, the selection of higher temp spec’d components
has appeared to shrink.

| am curious to see what components you highlight as prob-
lematic at temperature, personally | see more problems with
capacitors “Tantalum and monolithic, glass caps appear to live
forever 10+ years” than analog ICs, resistors rarely fail under
normal operating conditions, CMOS and TTL chips also rarely
fail. The new generation of instruments that are appearing in
the field are using surface mount technology versus through-
hole, | have seen a number intermittent failures of SMT solder
connections on instruments that are only one or two years old
versus instruments using through-hole components 5+ years
old that have had few if any solder connection problems. We
use HMP solder on nearly all instruments except one that uses
lead-free solder. Soldering SMT chips with high-temp solder is a
certainly a practice of patience.

Most of the failures | see at temperature clear up when the
temperature is lowered. A lot of the failures are from mechani-
cal stress, large components suffer from vibration-induced
fatigue. One memorable incidence was an op-amp that was
position sensitive when rotated through 360°, and repeatable,
the die had come loose in the TO-5 metal case. Small compo-
nents without stress loops suffer from thermal expansion and
contraction forces on their leads. Temperature cycling is anoth-
er killer of components, the component may survive the initial
high-temperature cycle but fail on a subsequent moderate tem-
perature cycle. | also see a lot of oxidation of the solder itself
that generates a gray powder that can short out closely spaced
exposed traces.

The instruments | work on range from a fairly simple back-
ground gamma ray measurement “Geiger counter” to a
Magnetic Resonance Imaging tool that has a 32-bit TI DSP
down hole, and everything in between (formation density in
g/cmd, formation resistively in ohms per meter, porosity, perme-
ability, compressive and shear strengths of the formation, water
oil and gas production ratios using a pulse neutron generator
and Helium3 filled detectors).

With some insight to designing high-temp circuitry | hope to
better understand what can go wrong at elevated temperatures.
One of the guys | work with is found of saying “There is only
one correct mode of operation, but an infinite number of failure
modes.” How true.

And a good design will function when on fire, literally, until
you use a fire extinguisher!

Alan Hansen

I truly appreciate your letter. Your experience is right on the
button. There isn’t anything | disagree with. You will find an
answer to your question about where to find high-temp compo-
nents in the second article (Circuit Cellar 126). With the demise
of MIL, which is limited to 125°C anyway, you're on your own.
But you can characterize COTS components yourself and
always keep in mind that temperature is reliability killer. With
the SMT size components vibrations can be handled gracefully,
humidity can be controlled quite well by conformal coating.

And since you mentioned SMT, | had a situation where a cir-
cular circuit board placed on a rotating propeller shaft had com-
ponents and solder ooze towards the circumference just after a
couple hours operation at room temperature due to the centrifu-
gal force.

George Novacek

COMING SOON?

I'm a long-time reader of Circuit Cellar Books. (They contain
the best articles published in BYTE’s supplement). | have some
of them, but not all of them so I'm hoping that you'll consider
creating a section on the Circuit Cellar web site with the con-
tents of all the Ciarcia’s Circuit Cellar Books and continually
publish them, every year, with the best articles/projects pub-
lished in Circuit Cellar Magazine or Circuit Cellar Online.

Juvenal A. Silva Jr.

I've been thinking about posting the old books. Finding the
software for the projects is the problem. People will ask for it
and it would be nice to have the complete materials available.
In the meantime, stay close to our web site because I'm hoping
to post Take My Computer Please (I wrote it in '77) by April.

Steve Ciarcia

www.circuitcellar.com
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Design?2

Contest

DDS-GEN

FEATURE
ARTICLE

WINNER

Robert Lacoste

Part 1: A High-Performance DDS

Generator

Robert designed his
DDS-GEN project
with hopes of saving
money and still hav-
ing a way to generate
sine and square sig-
nals for testing pur-

poses. Not only did
the project meet his
needs, he turned a
profit by winning a
grand prize in the
Design2K contest!
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ike many hard-
ware-addicted
guys, I used to read
ads presenting new and
powerful measurement equip-
ment. But, [ knew I couldn’t convince
my boss nor my wife that I needed
this $100,000 stuff! So, I started
developing my own test equipment.
One of the first pieces I developed
was a low-frequency generator (sine,
triangle, square, up to 200 kHz or so,
with a 100% analog design) with near-
ly acceptable performance. But now,
the progress in digital technology
makes designing more precise, power-
ful, reliable devices, especially with
DDS (direct digital synthesis) technol-
ogy possible.

The DDS-GEN project is a full-fea-
tured, DDS-based generator that’s able

lution (a project is never finished), I
included some daughterboard sockets
to implement, for example, a full-fea-
tured ARB (arbitrary signal generator),
or pulse generator. And last but not
least, $400 worth of components is
reasonable for such a high-end device
(see Photo 1).

DDS-GEN is mainly built around
an AD9852 DDS chip from Analog
Devices, which is controlled by two
low-cost Philips 87LPC764 microcon-
trollers—one main microcontroller
and one microcontroller dedicated to
the user interface section.

This project is complex, so you
have to wait until next month to have
all of the details. This month, I
describe the user interface section and
highlight the 87LPC764 chip. In Part
2, I'll discuss direct digital synthesis
and explain why the AD9852 is really
a monster chip and show how it is
used in this project.

[’C-MMI: THE CONCEPT

Developing an embedded system
can be fun. Doing it twice is called
experience. But, redeveloping the
same kind of software again and again
consumes money, wastes time, and
more important, is boring. DDS-GEN
is not my first project with a standard
user interface. From project to project,
the user interface subsystem specifi-
cations are usually stable. However,
because each project is usually built
around a new microcontroller, you
have to rewrite a full set of low-level
routines to handle these peripherals,
probably copying and pasting some
previous code but still debugging
everything each time. Moreover, a
large number of I/O pins are usually
dedicated to the keyboard and LCD,
needing a higher cost microcontroller.

to generate sine and
square signals from 0
to 120 MHz with
incredible resolution.
Moreover, it supports
a blazing list of mod-
ulation modes (no

P I°C bus
Host processor a3 A

A4

Y

12C-MMI V.2.2

less than AM, FM,

( LCD display ) ( Matrix keyboard ) ( Buzzer )

PM, shaped keying,

( Rotary encoder )

( RS-232 serial port)

FSK, and PSK), as

well as wobulation. In
order to support evo-

CIRCUIT CELLAR®

Figure 1—The PC-MMI dedicated processor chip is a standard user interface
driver chip, controlling all the standard peripherals from an FC bus.
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Of course, serial-driven LCDs are
available, but they suffer several dis-
advantages. Because they are manu-
factured in smaller quantities, they
are far more expensive than a parallel
LCD display and are prone to obsoles-
cence or supply shortages. In addition,
serial-driven LCDs require a dedicated
UART port, a scarce resource on low-
cost microcontrollers. Lastly, they are
slow (only 9600 bps or so). With that
in mind, I started the DDS-GEN proj-
ect with a “this is the last time I do
that” mentality.

The user interface part of this proj-
ect became a project of its own: the
I’C-MMI (see Figure 1). The key idea
was to develop a dedicated, low-cost,
pre-programmed microcontroller chip
that can do many things. It should
directly handle the classic user inter-
face, including the LCD, matrix key-
board, buzzer, rotary encoder (useful
to modify a numeric value), and an
extra remote control UART port.
Also, it should be reusable.

The chip should communicate with
the host microcontroller through a
standardized non-dedicated I>C bus.
And, lastly, it should off-load as many
functions as possible from the main
microcontroller, in particular all bina-
ry-to-ASCII formatting stuff.

With the I)C-MMI concept, the
total cost of the system is in fact
often lower than the cost of a classic
design. The extra cost of the ’C-MMI
chip is counterbalanced by the main
microcontroller’s lesser demands in
terms of I/O pin count and memory
requirements. The development costs,
time, and risks are reduced, improv-
ing the time to market. And, the I>C-
MMI chip can be physically fitted on
a front panel PCB, communicating to
the main PCB over a simple four-wire
I’C and power connection, thus reduc-
ing the interconnection costs.

Good ideas are often shared. It
should be noted that Jeff Bachiochi
wrote about a similar idea last year,
that used an I>’C-driven LED panel. [1]

[’C-MMI CHIP FEATURES

Let me list briefly the specifications
of this dedicated function processor
and its firmware. It’s built using a pre-
programmed, low-cost 87LPC764

www.circuitcellar.com

’C scL KBD COL1
I’C SDA [9] KBD COL2
[19] kBD coLs

Serial TX
Serial RX KBD ROW1/LCD D4
KBD ROW2/LCD D5
KBD ROW3/LCD D6

KBD ROW4/LCD D7

Encoder A
Encoder B ﬂ

LCDE
LCD RS

Vss Buzzer

Figure 2—Two pins are used to link it to the main
processor (FC bus SCL/SDA) and all the other pins are
used for the user interface devices.

microcontroller in 20-pin, SO20 or
DIP20 packages (see Figure 2). The
processor operates at 2.7 to 5 V with
typically 10-mA power requirements.
Connection to the host microcon-
troller is via a standard IC interface
(up to 400 kbps) using a simple ASCII-
based protocol (see Figures 3 and 4).
The processor drives any parallel LCD
display in 4-bit mode. On-chip binary-
to-ASCII conversion occurs with for-
matting. In addition, the processor
handles a 4 x 3 phone-type matrix
keyboard and debounces on-chip.
Specifications also include driving a
piezo buzzer, driving a supplementary
19,200-bps UART port, and handling
a rotary encoder for easy data modifi-
cation.

The processor uses pseudo-logarith-
mic rotary encoder conversion to
manage large numbers. A full turn of
the rotary encoder doesn’t modify a
low value by the same amount as
with a high value.

The extra UART port can be used
as an generic UART port driven by
the host processor through I?C bus
transactions. But, it also can be con-
figured through I>C orders as an auto-
matic remote control port. In the lat-
ter configuration, anything displayed
on the LCD by the host is also sent
through the UART, and any charac-
ters received from the UART are
transmitted to the host. It’s really
easy to implement a remote-control
feature without a development cost.
Nothing specific has to be developed
on the main processor, and the device
can be remote controlled via the
UART port in a friendly ASCII pseu-
do-protocol!

WHY USE AN 87LPC764?

To implement the I*C-MMI chip, I
was looking for a microcontroller
with the following features: low cost,
built-in I?C hardware, supporting
slave mode, low power (3.3 and 5 V),
small package, one UART, integrated
pull-ups to minimize component
count, and an integrated watchdog for
safe operation.

The host can send a 32-
bit number in binary for- @Bz/;i(:)
mat. The XC-MMI chip
displays it readably
according to the specifi-
cation and handles the
local editing via the key-
board and rotary encoder.
Then, the chip sends the
edited value in binary
form back to the host.

Byte 1
1($21)

Byte 1
T ($54)

Byte 1
R ($52)

Figure 3—The FC-MMI chip is a
slave on the PC bus. The host

The I°C-MMI is ready and waiting for an order or a user event.

The I°C-MMI is currently executing an order. No write will be accepted (nack).

A character has been received from you (either a keystroke or a character
received from the serial port). The character is returned in the second byte (c).

The rotary encoder has moved since the last polling. The relative displacement
is returned in the second byte (v, signed character binary value).

writes commands to the PC-MMI

Byte2 | Byte3 | Byte4 | Byte5 |

Byte 1 |
[

FC bus address ($40 by default) [N ($4E)

n [ o [ o |

and reads the same address to
poll the PC-MMI chip for events.
PC-MMI returns one byte per read

transaction, so several requests [Byte1 |
’ yte 1
are needed for multi-byte answers. $ (524)

These are the possible answers
when the host processor polls the
EC-MMI chip.

The editing of a numeric value is finished (after an E command). The new
numeric value is returned in bytes 2 to 5 (32-bit unsigned binary value,
lowest significant byte first).

The editing of a numeric value is ongoing. One new command can be written,
but this command will not be executed until the end of the numeric edition.

CIRCUIT CELLAR®
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When the chip is ready (i.e., returns "@" or "$" when polled), the following
commands can be sent to the I’C-MMI chip:

T
Frame end

Clear the LCD display.

B ($42) |Frame end
Beep!

BT ]
Frame end

Enable the local editing of the last sent numeric value.
This must follow an N command.

[ Byte1 | Byte2 [ Byte3-7] |
[P@50) | ¢ | [Frame end|

Send the characters given after P to the LCD at the current cursor position
and/or to the serial port. This command accepts one to seven characters
to be displayed in a single write.

[ Byte1 | Byte2 |
[ G$47) | adr |Frame end]

Move the LCD cursor to address adr (unsigned binary character), which
is dependent on the LCD specifications. Address 0 is usually the first
position on the first line and $40 is the start of the second line.

[ Byte1 | Byte2 |
[1®49) | x  [Frameend|

Select the input mode:

* x = L— only the local keyboard is activated; the serial port RX is disabled (default)
* x = R— only the serial port is activated; the local keyboard is disabled

* x = B— both the local keyboard and serial port are activated

[ Byte1 | Byte2 |
[O0@®4F) | x  |Frameend|

Select the output mode:

* x = L— only the local keyboard is activated; the serial port TX is disabled (default)
* x = R— only the serial port is activated; the local keyboard is disabled

* x = B— both the local keyboard and serial port are activated

[ Byte1 | Byte2 [ Byte3 | Byte4 | Byte5 | Byte6 | Byte7 |
[N@$4E)| n | n | n [ n | pre | post [Frameend|

Display the binary number nnnn in readable form on the LCD at the current cursor position
and/or send it on the serial port. nnnn is a 32-bit unsigned binary value, lowest significant
byte first. "pre" is the required number of significant digits before the decimal point, and "post"
is the number of digits after the decimal point. Extra spaces are automatically inserted every
three digits before the decimal point.

Here are examples:

* N $01 $00 $00 $00 $02 $00 displays: "_ _1" ($00000001=1)

* N $00 $00 $01 $00 $05 $03 displays: "_ _ _ _ _65,536" ($00010000=65536)

* N $FF $FF $FF $FF $08 $02 displays: "42_949_672,95" ($FFFFFFFF=429467295)

Figure 4—These are the different ASCII commands that can be sent to the FC-MMI chip through the PC bus. Before sending a new order, you must first poll the device to
check if it is ready (answer “@” or “$” to a polling request).

Some classic PIC devices fit this
list, however, the Philips 87LPC76x
family has an advantage. Its 8051
compatibility and large ROM code
memory (up to 4 Kb) enable the use of
good, freely available development
tools (in particular, the excellent free-
ware SDCC optimizing compiler
developed under the GNU license by

Sandeep Dutta). [2] I don’t know of
any equivalent for the PICs...yet.
Circuit Cellar readers already know
about the 87LPC76x family. [3] The
Philips chips are the first low pin
count versions of the famous 8051
series, fitting an enhanced 8051 core
and a bunch of peripherals in a 20-pin
package. The core is an accelerated

’80C51 CPU running at 20 MHz and
provides a turbo mode where all
instructions take half the number of
cycles of a traditional ‘80C51. That
means an execution time of 300 to
600 ns for 99% of the instructions.
Not too bad. An internal RC oscilla-
tor option and integrated reset circuit-
ry allows me to use up to 18 I/O pins

uz2
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1 16 o ucc
r Cl+ uDDp—-ucCC -
c5 12 = aers
N ! 885 o3, BaEBESEN 43 =
il | RZUUTE o] o]l mlmlmlEl:_._.Z 92
Lou 2 c2- Tﬁ%&'ﬁs_ Serial 1.0
2 Ui Twoutfi = S B i
s v R e.1u | teu = =
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u = =
vee :ITBU MAX232 = 87LPC764 15
= e R I e
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R Shannel 8 Figure 5—This is the FC-MMI subsystem schematic. There
VT R —Z]chenet is nothing more around the dediicated microcontroller than
E:‘s — the user interface devices and an RS-232 driver chip. The
—_— ncoder N
= HRPG-ASEH#54R LCD and keyboard share the same /O lines.
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other can be used as a “throw
out” connector to easily daisy
chain several I’C peripherals.
The rotary encoder provides
two quadrature signals, which
are square signals with a 90°
phase shift. On the prototype, I
used a Hewlett Packard 64-step
encoder, a good compromise
between resolution and cost.
All of the components of this
user interface section fit on a
double-sided PCB, with compo-
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Photo 1—Take a look at the DDS-GEN prototype. It's housed in
a compact enclosure with a homemade laser-printed front panel.
For the user interface, a standard phone keyboard is used along

with a rotary encoder and 2 x 16 LCD.

when a low stability oscillator is
enough (a crystal is used because I
need an asynchronous UART).
Standard Idle and Power Down modes
are supported, with current consump-
tion as low as 1 pA.

On the memory side, there are 128
RAM bytes and a 2- or 4-Kb OTP pro-
gram memory (87LPC762 and
87LPC764, respectively). The periph-
erals list is complete, with two coun-
ters/timers, two analog comparators, a
full duplex UART, a versatile bit-level
I>C port (master or slave), eight key-
pad interrupts, an internal watchdog,
low-voltage reset, and so on.

The I/O pins have a controlled slew
rate, helping to reduce EMC concerns
for the system design. All port pins
can drive up to 20 mA (enough for an
LED), and some provide Schmitt trig-
ger inputs and open drain or push-pull
configurations. Read the datasheet for
complete information. [4]

HARDWARE

Figure 5 shows a schematic of the
I>C-MMI subsystem. Apart from the
87LPC764 chip, the only components
are a MAX-232 serial

nents on both sides. The user
interface components are on
the top and all of the other
components are on the bottom
(see Photos 2 and 3). This board can
be directly fitted behind the front
panel of the enclosure and provides
front access to the LCD, keyboard,
rotary encoder, and serial port.

EMBEDDED SOFTWARE

You have a good chip and hardware
around it, now it’s time to write
firmware. I adapted the main program
plus interrupts paradigm. The struc-
ture involves a main processing loop
in charge of host command decoding
and execution, Edit mode processing,
and keyboard handling. Also involved
is an interrupt routine hooked on a
100-ps timer in charge of generic
timer increments, rotary encoder pro-
cessing, and buzzer signal generation.
An I’C bus interrupt routine in charge
of command reception and polling
processing and an I>)C time-out inter-
rupt routine are included. All these
routines communicate via a shared
RAM (see Figure 6).

Thanks to the interrupt structure of
the 87LPC76x, the different interrupt
sources can be prioritized based on
system requirements. Here, the high-

level shifter, four
diodes to multiplex
the LCD and key-
board on the same
I/O pins, a crystal,
and some passive
components. Two
IC connectors are

included; the first
connects the board
to the host and the are on the bottom.

CIRCUIT CELLAR®

Photo 2—Here is the FC-MMI assembled PCB. This circuit board fits directly
behind the front panel, all the active components (microcontroller, in particular)
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Photo 3—This is the bottom of the user interface PCB. The two FC con-
nectors are on the top left, just above the microcontroller and MAX232
chips. The buzzer is behind the LCD with the contrast pot.

est priority is given to the I>)C time-
out, then the I’C handling, then the
100-ps timer. There is one minor con-
sequence, the beep can temporarily
stop when receiving an I’C frame.

Because assembler code should be
reserved for critical parts of software,
the firmware was developed mainly in
C language using SDCC. [2] In fact,
only some parts of the interrupt rou-
tines are coded in assembler, and 80%
of this assembler code comes from
Philips’ application note. [5]

Using a high-level language has
many advantages. For me, the most
important is the ability to debug a
large part of the code using
Microsoft’s friendly development
tools on a simple PC (more details to
follow). And, using a good optimizing
compiler like SDCC gives surprisingly
good generated code.

As usual, it is better to look twice
for existing things before developing
from scratch. For the I*C-MMI proj-
ect, apart from the
Philips app note, I also

IPC-MMI chip are stated
in Figures 3 and 4. The
tricky part is the local
numeric editing feature.
This feature was specially
developed to locally han-
dle the manual modifica-
tion of integer or fixed-
point parameters like set-
points in an automated
device or output parame-
ters for test equipment.

The flexibility of this
feature allows off-loading all “human
form” algorithms from the host CPU
to the I>C-MMI chip. This is especial-
ly useful because these kinds of algo-
rithms (binary-to-ASCII conversion,
etc.) are often memory-hungry in
terms of RAM and program memory.
Basically, the >XC-MMI chip can work
in two modes (see Figure 7).

The two modes are Standard and
Edit. In the former, all keystroke and
encoder rotations are sent to the host
directly (with T and R messages).
With the latter, keystroke and
encoder rotation are locally processed,
updating the current number being
edited. When a new number is com-
pletely entered, it is sent to the host
(as an N message).

While in Edit mode, two special
keys are managed. When you press
“#” or when a “#” is received from
the serial port, the current edit is
restarted from the first digit. When
you press “*” or an “*” is received

from the serial port, the Editing mode
is aborted, the previous number is dis-
played again, a “T” message is sent to
the host, and the 2XC-MMI switches
back to Normal mode.

In short, to let you modify a 32-bit
numeric value with the keyboard or
rotary encoder, the host processor
must perform four steps. First, send
the previous (default) numeric value
with an N command, displaying the
value. Second, send an E command
(local editing enabled). Third, poll the
I>)C-MMI chip until an N (new numer-
ic value available and returned) ora T
message is received (edit aborted by
the user). Fourth, go back to step
three if continuous editing is required
or to do anything else.

With the current firmware, the
87LPC764 memory is full. In fact, the
PC-MMI code uses all but four of the
128 bytes of RAM, and there are only
20 remaining free bytes out of the 4-
Kb EPROM. Of course, this is because
I stopped optimizing my code and
adding new features immediately
when it started fitting exactly in the
available space.

When a high-level language is used
on a small microcontroller, the tricky
part is always the dimensioning and
positioning of the stack. In this case, I
started the stack just after register
bank O (the other banks are not used),
and the stack can extend up to but
excluding the last three bit-address-
able registers (see Figure 8). This
scheme gives a rea-
sonable stack size of

found some good C
code routines for han-
dling an LCD display
on the Internet for free.
Thanks to Thorsten

100-ps interrupt:

* Decrement application timer.

* Check if rotary encoder moved
and, if so, update valcoder.

* Check if a beep is ongoing
and, if so, update the buzzer pin.

-~ I

30 bytes while not

valcoder

peripherals.

Main loop:

Godau for this useful
TG_4bitLCD.c file
included in SDCC dis-
tribution.

The major job of the

1°C interrupt:

« If it is write, store the recieved
command in i2crecbuf.

« If it is read, construct the answer
depending on the current status .
and send it back to the host.

—
f\
/V

—>

editmode
/

LCCEI ™~ Kbdbut.

main program is decod-

ing and executing host
orders transmitted
through the I?C bus.

1°C timeout interrupt:

* Reset the I°C subsystem and
flag it (flagtimerl=1).

editing.

Main program:

« Initialize the chip and the

i2crecbuf _»| *Ifthere is a new command in
i2crecbuf, decode it and execute it.

* If a new character is received
from the keyboard or UART when
it's not in Edit mode, store it in

¢ If it's in Edit mode, manage the

using any user RAM
for the stack.

The full source
code of the PXC-MMI
software is available
on the Circuit Cellar
web site. This code
is copyrighted but
can be used for free
as long as it’s not

\ «
valnum
-

The different orders

included in any com-
mercially sold prod-
uct. The code is full
of comments so it

recognized by the
firmware and the possi-
ble answers from the
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Figure 6—Here is the PC-MMI firmware structure. A main program loop dialogs with three interrupt
handlers through shared variables. This decomposition allows you to manage real-time constraints
and minimize software complexity.
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should be easy to
read, keeping in
mind the global
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—>{ Normal mode

Any other
command received

A4
A—@ossible

Any command received _|
or non-digit key entered

A4
Digit entry

Last digit entered |
Y Y

- =1~ Number displayed (N command)

- ——Edit command received (E)

Y
—(H mode

Digit key entered —+Encoder rotated

Send new value to host

matting statements by
hand-written code, still
in C on the PC. This
step was needed because
I didn’t want to exhaust
the ROM with full-fea-
tured printf code.
Compile on the PC, test,
and debug still without
any 8051 hardware or
software.

Next I replaced all the
emulation code with
embedded stuff: integra-
tion of the I>C slave

Figure 7—To enter the editing mode, a number must be previously dis-
played (N command) and a specific edition command must be sent (E).

architecture of the firmware.

DEVELOPMENT PROCESS

I am not a “burn and test” guy, I
prefer to spend more time in simula-
tion steps to be sure that the first
tested embedded software is not going
to hang in the first microseconds. It
was especially true for this project,
because I didn’t have an 87LPC764 in-
circuit emulator, and this chip exists
only in OTP form. So, burn and test is
an expensive option. I would like to
share with you the different develop-
ment steps that I used for this project.

Thanks to the use of C, I first devel-
oped the entire message processing
software on my PC with Visual C++.
Small glue routines simulated the
LCD display, keyboard events, and so
on. All the number editing features
were debugged there. The next step
was to replace the classic printf for-

assembler routines, inte-
gration of the LCD man-
agement routines in C,
hand coding of the rotary encoder
management routine, and first compi-
lation with the C cross-compiler.
Then, I performed a long simulation
step on the PC to check the stack
allocation, which wasn’t large enough
at first (as usual). Unfortunately, some
specific code was needed to conduct
these tests, SDCC simulation soft-
ware didn’t simulate I2)C hardware.
To be able to see what the first
burned chip will be doing, I added a
lot of debug statements in the code.
The debug code dumped out flags and
memory values through the UART
and was displayed on a terminal. And
finally, the first chip was burned. Of
course, it didn’t work. But thanks to
the previous steps, I was able to get a
debugged chip after only seven burned
OTP chips and a couple of nights.

SEE YOU NEXT MONTH

Now, we have a
working generic user

Data address 8051 Architecture

I’C-MMI Usage

interface driven by an
I*C bus. Next month,

I'll describe what is at

the other end of the
I>C bus, the master
DDS-GEN microcon-
troller (also an

| Bit-addressable registers | 87LPC764) and the

$00 to $07 | Register bank 0 | | Register bank 0 |
$08t0$OF |  Registerbank1 |

$10to $17 | Register bank 2 | Stack
$18t0$1F |  Registerbank3 |

$20 to $2C Bit-addressable registers

$2D to $2F

$30 to $7F Free RAM memory General-purpose RAM

Figure 8—The 87LPC764
memory map for the FC-MMI
firmware is shown here. The
stack is in the register’s area,
leaving only one register bank
(which doesn’t reduce the con-

tiguous user RAM).
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AD9852 DDS generator chip. It will
be a good occasion to discuss DDS
generators and to have some high fre-
quency headaches. Stay tuned. [&]

Robert Lacoste lives in France. He
has 10 years experience in real-time
software, embedded system develop-
ments, and projects and operations
management. He still loves building
innovative, microcontroller-based
devices after hours. He is currently
working for Nortel Networks. You can
reach him at robert_lacoste@yahoo.fr.

SOFTWARE

The source code is available on the
Circuit Cellar web site.

SOURCES

AD9852 DDS chip
Analog Devices
(800) 262-5643
(781) 329-4700
www.analog.com

II6_I4-step encoder
ewlett-Packard Co.
(800) 752-0900
www.hp.com

87LPC76x family
Philips Semiconductors
(212) 536-0500

Fax: (212) 536-0559
www.philips.com

Visual C++
Microsoft Corp.
(425) 882-8080
www.microsoft.com
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David Ward

PIC This Lock

The days of carrying
a separate house key,
garage key, breaker
box key, and such
may be coming to an
end. With David’s dig-
ital combination lock,

you can provide an
added security feature
to your home alarm
system. The only hard
part is remembering
the combination.

20 Issue 129 April 2001

fter reading sev-
eral articles about
Microchip’s PIC16F84
microcontroller and
studying its features, it seemed like a
great device to design a digital combi-
nation lock around. The digital com-
bination lock could be used to operate
a garage door opener from outside of
the house, arm and disarm an alarm
system, or even limit access to an
electrical device.

When I began the design process, I
wanted specific features. I wanted low
power consumption (so it can be bat-
tery-powered), either a latched or
momentary output to an electro-
mechanical relay, and audio feedback
on keystrokes and indication of differ-
ent modes or conditions. I also want-
ed LED indicators, a keypad light, and
the ability to reprogram the combina-
tion from my keypad. The PIC16F84
has the features and capabilities to
support all of these things.

FEATURES

Let’s look at some of the
PIC16F84’s features. The memory
map of the PIC16F84 consists of 1 KB
of flash memory, 68 bytes of RAM
(OCh to 4Fh), and 64 bytes of EEP-
ROM (Oh to 3Fh). It is a true RISC

CIRCUIT CELLAR®

chip in that it only has 35 instruc-
tions. The PIC16F84 is designed to
operate quickly and efficiently—code
is executed in a single cycle. It has 13
individually configurable I/O pins
with high-current source (20 mA per
pin) and high-current sink (25 mA per
pin) capacities. Port A has five pins
and Port B has eight pins.

You can wake the PIC16F84 from a
low-power Sleep mode several differ-
ent ways. The digital lock software
discussed here uses the change on
Port B pins method to wake the chip
whenever any key is pressed. Or, a
timer module can put the unit back
into Sleep mode. And, the digital lock
software initiates Sleep mode if no
keys are hit within a 3-s time period.

Now, take a look at Figure 1 to see
how all of the digital lock features are
implemented. The lower four bits of
Port B (RBO to RB3, pins 6 to 9) are
configured as outputs in the software
and then used to supply 5 VDC to the
rows of a matrix keypad. Diodes D1
to D4 prevent problems if more than
one key in a column is pressed simul-
taneously. The upper four bits of Port
B (RB4 to RB7, pins 10 to 13) are con-
figured as inputs in the software and
are tied to ground via 10-kQ resistors
(R4 to R7) to prevent a floating input
condition when no keys are being
pressed.

The digital lock software puts the
PIC16F84 in Sleep mode, where it
spends the majority of its time con-
suming 1 to 2 A of current. It wakes
when any of the four upper bits in
Port B change from O to 1. Thus, if
the lower four bits of Port B (RBO to
RB3, pins 6 to 9) are set to a “1” con-
dition just before the chip is put into
Sleep mode, whenever any key is
pressed the chip is interrupted and
can begin executing its program.

Any size matrix keypad up to 4 x 4
can be used. I use a 4 x 3 keypad, and
as long as the originally programmed
combination doesn’t use a fourth col-
umn key, there is no problem.

The PIC16F84 has several options
for its oscillator circuitry, which con-
nects to OSC1 (pin 16) and OSC2 (pin
15). I used a three-lead, 4-MHz,
ceramic resonator with built-in capac-
itors. These resonators are inexpen-
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4x3 or 4x4 Matrix keypad

Note: This project was designed using
the Jameco #1714814x3
metal matrix keypad

sive, small, and using them assures
more consistent system clock speeds
than the resistor and capacitor option.

The software I included (on the
Circuit Cellar FTP site) is
designed to operate with a 4-
MHZz oscillator, therefore, using
another frequency will affect
all of the delay loop timing,
tone pitches, and so on.

All five pins on Port A (RAO
to RA4, pins 1 to 3 and 17 to
18) are configured in the soft-
ware as outputs. RAO (pin 17)
drives LED 1, which is green
and normally indicates key-
strokes. RA1 (pin 18) drives
LED 2, which is red and nor-
mally indicates the status of
the relay. RA2 (pin 1) drives
QI, which in turn energizes
the electromechanical relay.
RA3 (pin 2) sinks LED 3, which
is a high-output yellow LED
used to illuminate the keypad
for nighttime operation. RA4
(pin 3) sinks the piezo electric
speaker. Because it has an open
drain output, it can’t be used to
source devices connected to it.

PIC POWER

The PIC16F84 is designed to
operate at anywhere from 2 to
6 VDC (see Figure 1). The volt-
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age regulator circuitry works for the
PCB layout if you're powering the cir-
cuit from a wall power unit rather

Figure 1—The PIC16F84 micro-
controller is at the center of the
design for the digital combination
lock circuit. It scans the rows and
reads the columns of up to a 4 x
4 keypad. It outputs to three
LEDs, a piezo speaker, and an
electro-mechanical relay. This
design utilizes all 13 1/O pins
available.

than batteries. If you desire to mini-
mize current consumption when pow-
ering the unit from batteries, elimi-

nate the voltage regulator and its two

Initialize ports and variables.

In Port A, make all five bits outputs.
In Port B, make the lower four bits
outputs and upper four bits inputs.

Does EEPROM bit 0 at
EEPROM address 0 = 02

Yes

Is this the first-time powerup?

If this isn't a first-time
powerup, copy the four-digit

For first-time powerup,

EEPROM into RAM.

Flash LEDs and beep
to indicate powerup.

!

Initialize interrupts and set
Port B pins RBO to RB3 high.

—

Go into Sleep mode and
wait for an interrupt.

]

Figure 2—This main loop flowchart illustrates how the software functions
from powerup. It first determines whether or not this is the first powerup.

The first time, the software writes the combination into EEPROM. During
all subsequent powerups, it reads the combination out of EEPROM. The

unit then immediately goes into power-saving Sleep mode.

CIRCUIT CELLAR®

capacitors because it increases
the Sleep mode power con-
sumption from 1 to 2 uA up to
approximately 8 to 10 mA.
Another item that can con-
sume power, even though it
appears to be turned off, is the
piezo electric speaker. The
piezo electric speaker connected
to RA4 (pin 3) will draw power
if its pin is left at a O state
rather than a 1 condition, there-
fore RA4 always should be set

copy the four-digit combo from to 1 before putting the unit into
RAM into EEPROM and set Sl d
EEPROM address 0 bit 0 €Cp mode.
toai.
l¢
5 SOFTWARE

The digital lock software that
makes the unit operate is too
long to list. Perhaps the best
way to see how the software
operates is to examine the oper-
ating instructions (see “Com-
bination Lock Operating
Instructions” sidebar) and the
software flowcharts. The main
program loop flowchart shows
how the software operates from
powerup and spends most of its
time in Sleep mode waiting for
an interrupt (see Figure 2).
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Ports A and B are initialized and
then the software looks at EEPROM
address Oh bit 0. If this bit is clear or
0, this is the first powerup. The pro-
gram copies the original four-key
combination from RAM into EEP-
ROM and sets EEPROM address Oh

powerups, the program will detect a 1
at EEPROM address Oh bit 0 and not
overwrite the combination saved in
EEPROM. Whenever you program a
new combination, this EEPROM bit is
also set so that the software will not
overwrite any new combinations dur-

The unit then beeps and flashes the
LEDs to indicate a powerup condi-
tion. The keypad row pins, RBO to
RB3, are then set to a high condition
and will remain high even during
Sleep mode. The unit then goes into
Sleep mode and stays there until

bit O to a 1. During all subsequent

ing subsequent powerups.

interrupted by a key hit. Note that

COMBINATION LOCK OPERATING INSTRUCTIONS

First, let’s examine Normal Operating mode. Upon
powerup, the yellow LED that illuminates the key-
board comes on, the red and green indicator LEDs flash
alternately, and the speaker plays five tones. The unit
will then go into Sleep mode to minimize power con-
sumption.

Pressing any key (doesn’t need to be the first key of
your combination) brings the unit out of Sleep mode.
The yellow LED will come on, and you now have 3 s
to enter the first key of your four-key combination.
Then, you have 3 s between each subsequent key-
stroke, or the unit will back into Sleep mode. The unit
is programmed with a unique four-key combination
that is set by the original programming machine. This
original combination doesn’t need to be changed unless
you desire to change it.

After you enter an incorrect combination, the unit
will produce a low audio tone, the red LED will come
on, and the unit will go back into Sleep mode after 3 s.
You can’t reenter another combination until the yellow
LED has gone off.

However, if you enter the correct four-key combina-
tion, the unit will give three high-pitched beeps and
energize the relay and the red LED for 1 s. The yellow
LED will then go off and the unit will go back into
Sleep mode after 3 s.

CHANGING THE RELAY OUTPUT MODE

The relay can operate in either a 1-s Momentary
mode or Latched mode. The unit automatically comes
up in the 1-s Momentary mode after each powerup.

After a four-key combination has been successfully
entered, you have 3 s to enter one of three possible
mode options before the unit goes back into Sleep
mode.

Then, pressing the asterisk (“*”) key (row four, col-
umn one) four times will put the relay into the 1-s
Momentary mode. This is the preferred mode when
powering the unit from batteries because it consumes
the least amount of power. You will know when the
unit has accepted this mode because the yellow LED
will flash. Momentary mode would be suitable for
operating a garage door opener, for example.

Pressing the pound (“#”) key (row four, column
three) four times will put the relay into Latched mode.
This mode should be used only if the unit is powered

"

from the AC outlet or a large battery source, because
the relay draws about 100 mA of current when ener-
gized. Again, you'll know when the unit has entered
this mode because the yellow LED will flash.

The relay will toggle from off to on or from on to
off each time a correct combination is entered. The
red LED indicates whether or not the relay is ener-
gized—red LED on means yes. Latched mode can be
used to activate or deactivate an alarm system.

CHANGING THE COMBINATION

Pressing the zero key (row four, column two) four
times will put the unit into the Combination
Programming mode. You'll know when it enters this
mode because the red and green LEDs will flash and
the five tones produced at powerup will sound. The
unit can be reprogrammed to any four keystrokes.
However, after the original combination has been
changed, it won’t work, even if the power is discon-
nected. If you forget your new combination, there is
no way to salvage the unit without reprogramming
the PIC with a special PIC programmer.

After you see the LEDs flash and hear the tones
play, you have 3 s to enter the first key of your new
combination before the unit goes back into Sleep
mode. Listen carefully for the proper beeps before
entering each key of your new combination:

e after pressing the first key, wait to hear one beep
e after pressing the second, wait to hear two beeps
e after pressing the third, wait to hear three beeps
e after pressing the fourth, wait to hear four beeps

Then, you'll hear three ascending tones indicating
that the unit is waiting for verification of the new
combination. Enter the new four-key combination
again. If it matches, the unit will beep high and low
tones and then go back into Sleep mode. The new
combination is now saved in the unit’s permanent
memory and will remain even if the power is discon-
nected.

During programming of a new combination, if you
don’t enter a key within 3 s, the unit will go back
into Sleep mode and no changes will be made.
Likewise, if you don’t verify your combination cor-
rectly, the unit will give three low beeps and go back
into Sleep mode without making changes.
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stored as two separate bytes Figure 4 illustrates what occurs if

of information in the soft- an asterisk (“*”), zero, or pound key is
ware, one each for the row pressed four times within 3 s of a suc-
and column. So, when refer- cessful combination entry. Pressing
ring to certain keys such as any key other than these after a suc-
the pound key, it may not be cessful combination entry will cause
the same code for all keypads.  an error condition indicated by a low
On my 4 x 3 keypad, the tone and the red LED being on for 3 s,
pound key is in row four, col-  during which time no keystrokes are
umn three, and its row infor- accepted. If the asterisk key is pressed
Photo 1—This is a photo of the inside of the digital lock unit. The ~ Mation is saved as 00001000 four times, the unit clears the variable
keypad is mounted to the bottom of a die-cast aluminum project and its column information is  relay flag bit 0, which makes the
case and the PCB is mounted to the cover. saved as 00000100. unit operate in the 1-s Momentary

the first key pressed cannot be part of
the combination, because that key-

stroke only wakes up the chip and
turns on the yellow LED that illumi-

nates the keypad. ?’“S"a'lvn 7 no ‘hanks \ \ /
Figure. 3 ShOWS the interrupt servic- ; un' 7 u es, p l ease. V:RS‘ON

ing routine, which executes whenever

a key is pressed to bring the unit out Satisfied customers - the key to our success
of Sleep mode. It 1mmed1at§1y turns » that’s why every new EAGLE version is based
on the yellow LED for 3 s; if no other on the feedback from our customers
keys are pressed during this time, the » that’s why all our customers have access to our
unit will go back into Sleep mode. It hi‘ghr:y acclaimed, comprehensive support, free

of charge

will then record the next four key-

strokes [unless there is more than 3 s » that’s why EAGLE has no hidden costs for EA GLE 4_ 0

libraries or modules which prove to be

between any keystroke) and compare indispensable after purchasing Schematic e
. . utorouter
them to the EEPROM combination. If » that’s why we really want customers to enjoy  Windows
they don't agree, the unit sounds a working with EAGLE
low tone and turns on the red LED for » that’s why EAGLE is one of the top-rated and I.ln_!.l_g{'\
3 s, during which time no keystrokes programs for schematic capture and board =t
4 |ay0ut Windows is a registered trademark of Microsoft Corporation

Linux is a registered trademark of Linus Torvalds

are accepted. If the combinations
agree, then the unit sounds three

beeps and energizes the electro- Version 4.0 Highlights _
mechanical relay and red LED. ¢ ggmé‘ggg Bl\’/lgulz;ge?ment with

The unit comes up in the 1-s ° Technolog)t/ and Package variants for -

components
Momentary mode after all powerups. o Design your own commands via User ™=
It stays in this mode until you press Language -
the pound (“#”) key four times after a ° ::L@gﬁg:ﬁgsgth for component
successful combination entry to ® Design Rules define pad/via
K dimensions and shapes

switch to Latched mode. By the way, Net Classes for Autorouter and DRC

SMD pads can be rounded or round
Different pad shapes for Top, Bottom,
or Inner layers

[ ]
all keystrokes and combinations are : Minimum Autorouter grid: 0.02 mm
L[]

EAGLE O)ight isiFreeware!

Photo 2—By

. You can use EAGLE Light for testing and : . p
mounting the key- non-commercial applications without charge. The Freeware Prices StandardijErofessions
pad and LEDs V(:.\trr?ion is festrictefclt to bt?ardlslup to hal; EurocaLd for{pat, Layout 199$ 399%
: with a maximum of two signal layers and one schematic
into the, bottom of sheet. All other features correspond to those of the Layout + 398$ 7988
the project case, Professional Version. Download it from our Internet Site Schematic
no bolts, or order our free CD. Layout + 2088 7983
screws,or nuts are ;I'he Sttan.ciizrd Vteriior) is Ttlxitable tl?l-: bgar;js in Eurlo\tl:arq t\utorc:uter

. ‘ormat with up to 4 signal layers The Professional Version ayout +

exposed, making has no such limitations. Schematic + | 49% 597% 197§
the lock more Autorouter

http://www.CadSoftUSA.com

secure. However,
it also helps to
have a friend with

a CNC mill to CadsSoft Computer, Inc., 801 S. Federal Highway, Delray Beach, FL 33483
machine the key- Hotline (561) 274-8355, Fax (661) 274-8218, E-Mail : info@cadsoftusa.com
pad holes.
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mode. Also if the relay was latched
on, it will turn it and the red LED
off. The unit acknowledges accept-
ance of this mode by flashing the
yellow keypad LED.

If the pound key is pressed four
times, it sets the relay_flag bit O,
which makes the unit operate in
Latched mode. Each time a correct
combination is entered, the relay
and red LED toggle off if it was on
and toggle on if it was off.

Pressing the zero key four times
puts the unit into Programming
mode so you can teach it a new
four-key combination. The unit
lets you know it has entered this
mode by beeping and flashing the red
and green LEDs. You then can enter
each new keystroke while waiting to
hear one beep after the first key-
stroke, two beeps after the second,
three beeps after the third, and finally
four beeps after the fourth keystroke.

Photo 3—Look at how all-thread was used to mount the unit
through a wall. The only way to open the unit is to undo the
nuts from the all-thread from inside the house or garage and
then pull the unit out, exposing the screws that hold the proj-
ect case to the bottom.

The unit then gives three ascending
tones indicating that you should enter
the four new keys again to verify the
new combination. If a wrong key is
pressed during verification, an error
signal is given with three low beeps
and the unit goes back into Sleep

mode, leaving the old
combination

unchanged.

Like during most
operations, you have
only 3 s between each

Is this a Port B
change interrupt?

Go to INTERRUPT_Timer
service routine.

keystroke before the
unit goes back into

Beep and turn on yellow LED.

Capture, beep, and debounce
the next four keystrokes.
Reset timer to 3 s between
each keystroke. If the timer
times out, exit and go back
into Sleep mode.

v

Sleep mode. If the veri-
fication is successful,
the unit will beep sev-
eral high and low tones
and turn on the green
LED. The new combi-
nation is then saved in
EEPROM and will take

Is the combo correct?

Error: give low beep
and turn on red LED.
Loop here for 3 s, then
exit and go back into
Sleep mode.

effect even after anoth-
er powerup. This poses
a problem if you forget

Successful combination entry, give three
high beeps and turn on green LED.

Does RELAY_FLAG = 0?
0 = 1-s Momentary mode
1 = Latch mode

No

the new combination;

Toggle relay and red LED,
if off, then turn on,
if on, then turn off.

Figure 3—The interrupt service
routine flowchart illustrates what

Energize relay and red LED for 1 s.

l¢
<

happens when the unit is awak-

ened from Sleep mode by a key-

Was a key other than
10 W o Y hit?

Error: give low beep and
turn on red LED. Loop
here for 3 s, then exit
and go back into
Sleep mode.

stroke. If a correct four-key combi-
nation is entered, the unit then
activates the relay. If an incorrect
combination is entered, the unit

gives a low-pitched tone indicating
an error.
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the only way to recover the unit is
to reprogram the PIC using a PIC
programmer.

LAST MINUTE DETAILS

The last item to consider is how
to mount the PIC digital combina-
tion lock securely. I am using the
lock to allow access to my garage
through the garage door. We usual-
ly leave the door between the
garage and house unlocked so our
kids can get into the house after
school. I mounted my circuitry
inside a die-cast aluminum project
case that is 4.7” x 2.4” x 1.6”. T have
access to a CNC mill, so I milled 12

square openings in the bottom of the
case for the keypad keys to project
through (see Photos 1, 2, and 3).

Then, I mounted two all-thread
bolts through the lid and bolted the
unit to the garage door frame.
Mounting the unit in this manner is
preferred because it doesn’t expose
screws, nuts, or bolts to the outside,
which prevents tampering. I power
the unit with four series-aiding, AA
batteries, which I put just inside the
garage because the box is too small
for them and the circuitry.

Finally, I made an aluminum deflec-
tor that attaches to the top to deflect
rain and snow and reflect the yellow
keypad LED. The project works well
and battery life has been good,
because I use only the 1-s Momentary
mode to activate my garage door
opener. Most openers can operate
from a simple N.O. momentary push-
button switch or doorbell switch. Just
connect the C. and N.O. contacts of
the combination lock in parallel with
the doorbell switch, and the door
opener should be activated.

I've learned a great deal about the
PIC16F84 microcontroller and nearly
every feature that it offers while
developing, programming, and build-
ing this PIC digital combination lock.
Microchip’s PIC16F84 has been a
great microcontroller to work with,
it’s cost-effective and has great fea-
tures, as well. [&]

Author’s Note: I'd like to acknowl-
edge the help of Southern Utah

University student Nathan Jones in
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Ultimate Source for PIC Tools

Now offering full Support for PIC16F87x
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- ol e Now shipping
[ i PB-87X probe
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® 64K program memory 16C66/67/76/TT
« Standard 32K real-time trace .
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® Low voltage emulation o 3V P PP » Conditional animation break
@ SORGROMG el bl MR BUs Capiirs and o Run, slep, run fo Cursor, eic
e Optional PIC Time Stamp Stopwatch functions Sk P A ALt
® Win 95/98/2000/NT IDE software Complete system $775 e Operates a 0 20m

Q5/98/NT) or MPLAE  (Win 95/98)
Source level and symbolic debugging
Software animation trace captures 3
user-defined variables in addition to
Pﬁ Mzn"n i opcode, W, STATUS, FSR registers

and corresponding instructions

I'I'IIIII‘HIIIIIIBI
from $900

e MNew fiash based firmware makes new
doicespprts e PGM16N/PGM17
» Production quality - verifies each chip
@g ,_m.

at Wdd_max and Vdd_min

o Supports full range of PIC, SX and :

mast ST6 parts ' w
& Approved by IC manufacturers e
e Stand-alone chip duplication ) ‘w

e LCD and LEDs display program

functions and results
e Codes reside securely in EEPROM of Programmers and
master control module e PGM16N supports all FIC12/1416
o Custom all programming voltages in o PGM17 supports all PIC17 sm lﬂﬂmfﬁ
0.1v increments & One 40-pin ZIF socket for all DIP parts
» Oplional surface mount sockets for all package types which
are compatible with all PIC programmers
o Emulation headers in SOIC, PLCC and GFP packages
& Win 95/98/NT hosting software
o DOS software for PGM17
Advanced Transd AtA * Compact and portable

14330 Midway, Suite 128, Dallas, Texas
Tel 972.980.2667 Fax 972.8980.2937
Email: atc1@ix.nelcom.com


http://www.adv-transdata.com

No

No

No

Was the "*" key
hit four times?
Was the "#" key
hit four times?
N
Was the "0" key
hit four times?

Flash yellow LED off and on,
change Relay _Flag to zero
(Momentary mode), and turn relay off.
Exit and go back into Sleep mode.

Flash yellow LED off and on,
change Relay _Flagtoa 1
(Latched mode), exit, and go
back into Sleep mode.

Exit and go back into Sleep mode.

| Beep and flash to indicate readiness to be taught a new combination.

[ Accept first new key and beep once. |

[ Accept second new key and beep twice. |

[ Accept third new key and beep three times. |

[ Accept fourth new key and beep four times. |

| Give three ascending beeps to indicate readiness to verify new combination. |

Is each verify key
hit the same as the
new combination?

Error: give three
low beeps, exit, and
go back into Sleep mode.

Verify it's OK, beep high and low, and copy the new combination
from RAM into EEPROM. Set bit 0 of EEPROM at address 0 to prevent
overwriting of the new combo during powerup. Exit and go back into Sleep mode.

Figure 4—The Programming
mode flowchart illustrates what
happens if you press the “,
“#', or “0” key four times after

the successful entry of a combi-

nation.

writing the software
for this project. I pre-
sented him with the
features I needed and
how I wanted the
unit to operate and he
made the software
work. To order a pro-
grammed PIC, send a
check or money order
for $12 plus $3 ship-
ping and handling to
David A. Ward, 2261
W. Skyview Drive,
Cedar City, UT
84720.

David Ward has been an associate
professor of electronics engineering
technology at Southern Utah
University in Cedar City, Utah since
1985. He holds an M.S. in Industrial
Education from Brigham Young
University. He can be reached at
ward@suu.edu.

SOFTWARE

The code for this project is avail-
able on the Circuit Cellar web site.

SOURCE

PIC16F84

Microchip Technology Inc.
(480) 786-7200

Fax: (480) 899-9210
www.microchip.com

RESOURCE

Microchip Technology Inc.,
“PIC16F84 Rev. A Silicon Errata
Sheet,” search2.microchip.com/
download/lit/suppdoc/errata/er1 6£8
4.pdf, 1998.

THE ONE STOP:..

SHOP

SERIAL GRAPHIC

LD

S

PICL-2464 $125.00

Sharp LM24014 240 x 64 LCD
E.L. Backlight

5" x 1 5/16" Viewable Area

PIC 16FBT7 Re-Programmable
Switches, AD & IO Bits

11.3"NTS C Vipeo LCD

113" SVGATFT

NTSC Composite & 3-Video In
True Line Doubler

Studio Quality Video

180 Nit Brightness

12 Vot Operation

Perfect for Car Video

MTR-NTSC-11.3 §795.00

SERIAL CHARACTER LCD

2 x 20 REFLECTIVE

Serial Models Coming:
320 x 240 with Touch!
Reflactive 128 x 64

6.3° VG A (B40 x 480) 1

SCM-220R $25.00

5

3"NTS C Vipeo LCD

3*Sharp Color TFT
NTSC Composite [n
Complete Monitor!
12 Volt Operation
Ideal for Security

MTR-NTSC-3 $99.00

EARTH

Computer Technologies

“The World Leader In LCD Recycling”

http://www.flat-panel.com
1110 Calle Cordillara - San Clemente, CA 92673

Ph: (949) 361-2333 Fax: (949) 361-2121
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A Sure Thing

Guaranteeing 99.999

If you're a gambler,
play the lottery, but if
you want to take the
gamble out of project
design, then listen to
what George has to
say. Performance

guarantees are an
important factor in
avoiding costly retro-
fits or redesigns after
you've already built
the prototype.
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George Novacek

99% Reliability

ne of the chal-
lenges you face
when designing an
electric airplane or, for
that matter, any other process control
or robotic system, is the performance
guarantee. This is something you
must face early in the design process.
Discovering that the system doesn’t
meet the performance guarantee after
you built a prototype may not be too
late to save the project, but will cost a
lot of money in rework and late deliv-
ery. Investing a little time up front
with paper and pencil will pay hand-
some dividends later. In this article, I
will show you how to use reliability
tools to your advantage during the
concept stage of a new design.

RELIABILITY DATA

Reliability prediction, fault tree

ponent manufacturer’s records. Any
QA (quality assurance) department
worth its salt must have a database of
product failures during manufactur-
ing, testing, and in the field continu-
ously updated. Often though, compo-
nent manufacturers do not publish
data for competitive reasons and your
own records may be insufficient.

“Reliability Prediction of Electronic
Equipment” (MIL-HDBK-217) is a
military handbook that’s a rich source
of information. [1] You can download
it free from www.dsp.dla.mil. The
most recent revision is F, and you also
should download Notices 1 and 2.

MIL-HDBK-217’s attempts to math-
ematically model devices by their
types. This is a mammoth task, given
the variety of uses, environments, and
manufacturing processes. It worked
well during from the ‘60s to '80s, but
with the explosion of microelectron-
ics in the last decade and the unprece-
dented strides in their manufacturing
process control, the MIL-HDBK-217
could not be updated fast enough.
Nevertheless, when used judiciously,
it remains an excellent tool.

Another useful and accessible tool
is the Reliability Analysis Center
(RAC) of the Department of Defense.
The center has a web site that
includes data books and other infor-
mation. Unlike the MIL-HDBK-217,
the information isn’t based on mathe-
matical modeling, but rather on field
data obtained from manufacturers and
users. You find the component you
are interested in and receive a wealth
of information not only about its fail-
ure rate, but also the types and distri-
bution of failures, origin of the
reports, and so on. This is the data-
base your QA manager dreams of
developing, if he only had access to
all government suppliers’ field data.

analysis (FTA), and failure
modes and effects analysis
(FMEA) are powerful design
tools, but to use them effec-
tively, you need solid data.
Needless to say, your results

Power l

System
interface

Screw jack

Electronic control
unit
(ECU)

e I

Inverter

will be only as good as your [

data. There are several excel-
lent sources available. The

=0
v/

Movement «———>»

best and most obvious source
is your own data or the com-

CIRCUIT CELLAR®

Figure 1—A brushless motor drives a screw jack, which moves a
mechanical arm.

www.circuitcellar.com



Figure 2—A typi-

- “\ “ cal inverter can be
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Unfortunately, this tool is not free. It
costs several hundred dollars, but is a
bargain for the data it provides.

There is also commercial software
available for people who cannot afford
not to spend the high asking price for
the tool of their trade. One of the bet-
ter known, widely accepted tools is
produced by Relex. You can obtain a
database of electrical and mechanical
components from the company’s web
site. And, the software will automati-
cally generate the analyses for you
and use different mathematical mod-
els, including MIL-HDBK-217.

99.99999% GUARANTEE

So, here’s the problem: It makes no
difference whether you are designing
the electric airplane or a robotic sys-

tem, your task is to design an electri-
cally actuated motion system that
moves some mechanical bits and
pieces, be it control surfaces, brakes,
or whatever. A failure of the system
to move the parts won't be cata-
strophic, but will present enough
problems for you to want to minimize
the possibility of its occurrence. The
customer has done the system hazard
analysis and come up with the
requirement that the probability of
the failure must be less than 107. In
other words, the system availability
must be better than 1 — 107, that’s
99.99999%. Not a laughing matter!
This is where some analysis and
simple calculations ahead of time can
save you grief later. Figure 1 is a
shows the system you are about to
design. You will use a DC

brushless motor because

Power

l of its torque/speed char-

Electronic control

System unit
interface (ECU)

—>

acteristics, low mainte-
Inverter

nance requirements, and

Screw jack

low EMI when compared
with DC brush commu-
tated motors.

COMPONENT

Movement ¢«——— >

KN\
x/

Power

RELIABILITY

The first step will be to
identify the individual
system components and
their reliability. The most

Electronic control

St g [ N
interface (ECU)

Inverter

important one is the
motor, so let’s start with

that. Unlike most elec-

Figure 4—Two motors provide a dual redundant drive by coupling
through a planetary gear adder. The gear and screw jack remain single-
point failures, so it is important that they have low failure rates.

www.circuitcellar.com

tronic components, as a
result of wear, motor
instantaneous failure
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rates are not constant but increase
with time. Because the MIL-HDBK-
217 failure rate model is based on a
constant failure rate, you will develop
an average failure rate for the motor
operating over a time period known as
its life cycle (LC). At the end of the
life cycle, it is assumed that the
motor will be replaced or overhauled.
Thus, you can calculate the average
failure rate:

Ay A, 6_ failures
xp:(Aanr oncw)xm =W[1]

where o, is the Weibull characteristic
life for the bearing and o, is the
Weibull characteristic life for the
windings. These parameters depend
on the operating temperature. Let’s
assume that the motor will operate in

No movement
8.85E-5

@& 6

3.33E-7 548E-5 3.33E-5 4.04E-8

Figure 3—The FTA shows you clearly that the system
does not satisfy the specification requirement and helps
you identify the cause. In this case, note that both the
ECU and inverter’s failure rates are higher than the
required outcome.

a room temperature environment
from 25°C to 30°C. For this tempera-
ture, MIL-HDBK-217 states that o, =
78,000 h and o, = 8.9 x 10° h.

This mathematical model purposely
does not take into account failure of
commutators (brush or electronic).
Brush commutators would have to be
inspected and serviced regularly for
this failure model to remain valid. As
already stated, because this applica-
tion requires a long life, maximum
reliability, and minimum mainte-
nance, you wouldn'’t consider using a
brush commutated DC motor. But I
hasten to add that the reliability of
modern brush commutators is noth-
ing to sneer at and you shouldn’t dis-
miss this established technology.

For general application electric
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Figure 5—Here’s the
FTA of the two-motor
configuration shown in
Figure 4. Notice the
importance of the low
failure rate of the gear

Screw jack

Mechanical

failure and screw jack.

4.04E-8

No movement
4.89E-8
Gear adder
Mechanical
failure
7.82E-9
6.6E-10
8.84E-5 8.84E-5
Two motors
3.33E-7 5.48E-5  3.33E-5 3.33E-7 5.48E-5

3.33E-5

motors, MIL-HDBK-217 shows con-
stants A=19and B=1.1. A, and 4,
are related to the life cycle (i.e., the
expected operating life of the motor).
The customer requires that the sys-
tem last three years without the need
for an overhaul. Although the entire
system operates 8 h per day, your sub-
system requiring 99.99999% availabil-
ity will not be needed more than one
third of this time. Therefore, you can
calculate the LC to be 2,920 h, which
results in A, = A, = 0.13. And then,
plugging these values into Equation 1
results in:

aoo[_013 013 <109

" 1.9 x78,000 1.1x8.9x10° 2]

_ _failures _ | g1 10-¢
10°h

It is worth noting that the bearings
have an order of magnitude greater
effect on the motor failure rate than
the windings, a fact I will revisit later.
Because the motor will be required to
operate no more than 0.33 of the sys-
tem operating time, you can apply
this duty cycle to its calculated fail-
ure rate and assume:

vl

101x10°° -7
w=3 =3 —=333x10 [3]

The other electrical components of
the system comprise an inverter and
an electronic control unit (ECU). The
typical inverter is shown in Figure 2.
It uses power FETs and a Texas
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Instruments’ integrated circuit,
TPIC43TO01. Other power semicon-
ductors, such as bipolar or IGBT tran-
sistors, can be used in place of the
FETs. Similarly, there are numerous
control ICs on the market. Or, you
can design your own controller using
a DSP or FPGA. Based on several dif-
ferent concepts with Hall effect
diodes used for position sensing, com-
ponent level calculation per MIL-
HDBK-217 specification will yield an
estimated failure rate of 2.01 x 10 for
the inverter. After application of the
33% duty cycle, assuming that the
power will be off when the function is
not required, the final failure rate will
be 5.48 x 10-°.

The ECU will be a microprocessor-
based embedded controller providing
system interfaces, motion control,
and most importantly, system diag-
nostics and failure detection. Similar
systems I developed exhibit an MTBF
better than 30,000 h in the harsh
aerospace environment. For this arti-
cle’s calculation, you convert the
MTRBF into failure rate by

The motor will drive a screw jack
as shown in Figure 1; if it fails, the
whole function goes down. You do
not supply this component. Make
sure the customer understands this
single-point failure and selects a com-
ponent with failure rate roughly one
order of magnitude better than the
function needs. The screw jack select-
ed has a failure rate of 1.22 x 1077.
Fortunately, the duty cycle applicable
here will bring it down to the accept-
able 4.04 x 1078,

PUTTING IT TOGETHER

It’s immediately obvious that the
function cannot achieve the required
1 x 107 failure rate when the inverter
alone is more than two orders of mag-
nitude worse than the customer
expects (see Figure 3). The system
components, which include the
motor, ECU, inverter, and mechanical
linkage (screw jack), all feed into an
OR gate, meaning that any one of
these components failing will cause
the function to fail. And the failures
are additive, making the outcome
almost three orders of magnitude
worse than required.

What'’s the solution? The word for
it is redundancy. By making the com-
ponents redundant, both would have
to fail for the function to fail. Their
individual failures now feed into an
AND gate. Mathematically this
means that the failure rates multiply.

It is interesting to note that the
three solutions proposed here provide
similar failure rates. As a result, the
best concept selection will not have
to be based on the achievable reliabili-
ty but on other design issues such as
economics and practicality.

calculating its reciprocal.
The result equals 3.33 x
10-°. The ECU can't take
advantage of the duty cycle,
because it will always be
powered together with the
rest of the system.

Figure 6—The ECU is dual redundant,
as is the inverter. As a result, the single
motor system (brushless) satisfies the
specification requirement.

3.33E-5

No movement
7.27E-8

1.61E-8

1.72E-9

1.34E-8  4.04E-8

3.33E-5
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in brushless motors
vs2 because the windings
etk are stationary. A
search through the

RAC database reveals

Qé
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that the experienced
failure rate of this kind
of motor’s bearings is
5.2 x 10”? and the
windings are 4.87 x
10-%. With the applica-
tion of the 33% duty
cycle, these failure
rates are reduced to
1.72 x 10 and 1.61 x
108 respectively.

This means that the
mechanical, failure-
prone motor compo-

Us3
MCOIL

Figure 7—Here you can see the business end of the inverter. Six power
FETs originally needed to drive the three windings have grown to 24. Also,

four independent driver ICs are needed.

Figure 4 is the most obvious solu-
tion, frequently used in the past with
brush commutated motors. The brush
commutator represents a single-point,
high-rate failure, which can'’t be easily
fixed by redundancy. Therefore, two
identical motors are coupled through
a planetary gear assembly acting as an
adder. This is analogous to a car dif-
ferential drive with the motors
attached instead of the wheels.

The FTA of this design is shown in
Figure 5. The planetary gear coupler
can be obtained with 2 x 10~ failure
rate, which is reduced to 6.6 x 10-'° by
application of the duty cycle.
Although simple, this configuration
presents several, sometimes insur-
mountable, problems. First, it needs
two motors. Their cost notwithstand-
ing, the increase in size and weight
may be prohibitive. The other prob-
lem is that the planetary gear is an
adder. If one motor fails, the velocity
of the screw jack will be cut in half,
which may not be acceptable.

OTHER IDEAS?

The mathematical model for elec-
tric motors in MIL-HDBK-217 consid-
ers failure of the bearings and the
windings. It doesn’t take into account
the different quality of bearings and
windings you can achieve through
process control nor does it fully
account for different stress levels seen
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nents, armature, and
bearings exhibit failure
rates much smaller
than the permitted result. Therefore,
they can be used in a single point of
failure mode. It is the electronics in
the ECU and inverter that are the
problem and need to be redundant.

The FTA in Figure 6 shows the con-
figuration that will do the job. Notice
that two independent ECUs feed
through an AND gate, thus achieving
a 1.11 x 10 failure rate. This means
that you must be able to determine
which ECU is correct if there’s a dis-
agreement. This calls for a fail opera-
tive controller. The design of such a
controller is outside the scope of this
article, but I'll address it in the future.
Also notice that the invert-

So, while you can achieve the need-
ed failure rate of 1.34 x 10°%, the price
you pay is the significantly higher
component count and a more com-
plex fault detection circuitry.
Whether or not this is a practical
approach is a matter of economics.
For high-power, IGBT (insulated gate
bipolar transistor) driven motors,
which cost hundreds of dollars, it may
be better to add a parallel set of wind-
ings to the stator (see Figure 8). The
corresponding FTA in Figure 9 shows
the result. The driver is now less
complex and the winding dual redun-
dancy helps lower the failure rate by
about 30%.

THE NUMBERS GAME

You have seen how powerful and
timesaving a simple reliability analy-
sis can be when applied early. Used
with common sense, and I must
emphasize the common sense, it can
save time, money, and frustration that
always accompany rework and fail-
ures. Do not expect precision! Too
many engineers make the mistake of
confusing reliability prediction with
accounting, not realizing that even
accountants are creative.

The predicted failure rate is a num-
ber, usually reflecting the worst-case
condition, originating from an imper-
fect mathematical model or statistical
analysis that can rarely duplicate or
account for all the working conditions
your product will encounter. The sta-

er’s failure rate decreased

INUVERTER 1

dramatically, from 5.48 x ;
10 (using the 33% duty al
cycle) to 1.34 x 10°®. How is

it possible? Consider the
simplified schematic dia- o
gram in Figure 7.

B & o 4
i i

Stator

windings

The failure distribution
numbers in the RAC data-
base state that the power

INVERTER 2

FET failures are split rough-
ly 50/50 between short and

open circuit. This means
that each power semicon-
ductor device has to be o]

B & o 4
i i

replaced with four, such -

that no single failure can
prevent the inverter from
continuing to function.
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Figure 8—This configuration saves 12 power drivers and requires a
second set of stator windings.

www.circuitcellar.com



What is the 5-letter word for

PPC-ES5 Down:

1. 2 Serial
2. SMC 91C96 10Base-T
3. DX5 133 MHz Processor
4. Linux with X-Windows
5. 1.44MB FDD Interface
6. Size (6.18" x 4.5" x 27)

PPC-ES Across: '

Product Number

4 Wire Resistive
5.5" Color STN
Win CE 3.0 Option
DiskOnChip® to 288MB
16-bit Expansion Bus

hah b

The PPC-ES is the solution that fits !

Setting up a Panel PC can be a Puzzling experience. However, the PPC-ES5
comes ready to run with the Operating System installed on flash disk.
Apply power and watch either the Linux X Windows or the Windows CE 3.0
User Interface appear on the vivid color LCD. Interact with the PPC-E5
using the responsive integrated touchsereen. Everything works out of the
box, allowing you to concentrate on your application rather than building
and configuring device drivers. Just Write-It and Run-It.

Single Board Computers
=1l 1AL, inc.

'_-'r UR

Microprocessor Training Systems

Custom Engineering & Manufacturing

Phone: [E1E:| 5204525 Fax: {Bﬂ!} 457-0110
2390 EMAC Way, Carbondale, lllinais 62901

http://www.emacinc.com



http://www.emacinc.com

18008314242 ELECTRONICS



http://nt5-stats.localweb.com:88/55?click&circuitcellar.com&3aaf9227

No movement

Having identified
weak parts, proper
steps can be taken
to avoid later prob-
lems. It is equally

Screw jack

Mechanical

1.61E-8 5.48E-5 3.33E-5 1.61E-8

4.99E-8

Motor bearing
Mechanical

failure

7.76E-9
1.72E-9
8.81E-5 8.81E-5
Two windings

5.48E-6

necessary to keep a
record of all failures,
analyze them, and
take corrective
action if necessary.
In aerospace tech-
nology, this has an
official name,
Failure Reporting
and Corrective
Action System
(FRACAS). Behind

failure

4.04E-8

3.33E-5

Figure 9—The FTA shows the failure distribution of the two-windings configura-

tion in Figure 8.

tistical reliability prediction is an
excellent tool for identifying potential
problems and weaknesses early in the
design process and for helping to
model the system architecture to
meet the intended specification. If I
get within the same order of magni-
tude of the intended performance, I'm
happy. I've seen too many (ignorant)
customers excited about the analysis
result being off by less than 1% and
too many (equally ignorant) engineers
wasting time by tweaking the num-
bers to achieve bureaucratic victory
and “meeting the spec dead on.”

It’s a good idea to always keep the
concept of the slide rule with its two
decimal places of precision in mind.
The imperfect world of engineering
will rarely require more than that.
Remember, the mere presence of 64
decimal places on your calculator dis-
play does not mean that the calcula-
tion based on your estimate will auto-
matically acquire the same precision.
So, make sure you don’t lose your per-
spective by getting immersed in
unimportant details.

WRAPPING IT UP

In the end, it is the performance
that counts. No statistical analysis
can change that. I have always seen
the mature product reliability exceed
the calculated value. The reason is
not merely the conservative reliabili-
ty model but the development
process, as well.

www.circuitcellar.com

the long name is a
common sense
activity to close the
loop between the user and designer.

With critical or large-volume prod-
ucts where the risk of field problems
is not tolerable, accelerated testing is
done as part of the reliability growth.
The system is stressed until its weak-
est link fails. It is analyzed, corrected,
and then stressed again. The purpose
is to achieve not only the desired
mature reliability quickly but also to
have the reliability spread evenly
across the product.

There is no point in having a stur-
dy, expensive design with one weak
part causing failures. In fact, if such
failures still meet the specification, it
may be wise to degrade the rest of the
components and reduce the cost.

The one thing I haven'’t talked
about in this article is the power sup-
ply. Of course, if the power supply’s
reliability doesn’t support the avail-
ability requirement of the function,
there is nothing you can do about it.
So, from the beginning, assume that
the power will be available.

A rule of thumb is that, when it
comes to DC motors, voltage gives
you speed and current gives you
torque. With the increasing power
demands you put on DC motors,
there is a practical limit for the cur-
rent, beyond which it is advantageous
to increase the voltage and obtain the
torque by gearing down the motor’s
speed. Today, it is not unusual to see
DC motors running at 300 VDC and
spinning at over 20,000 rpm.

CIRCUIT CELLAR®

Although automotive systems are
moving toward 42 VDC and avionic
systems already use 28 VDC to reduce
current, this is not enough for the
high-power, 50-kW (unbelievably
small) motors you encounter in mod-
ern servo systems. In a future article,
I'll show how the power is generated
and talk about some of the peripheral
issues such as power quality. &l

George Novacek has 30 years of expe-
rience in circuit design and embed-
ded controllers. He currently is the
general manager of Messier-Dowty
Electronics, a division of Messier-
Dowty International, the world’s
largest manufacturer of landing-gear
systems. You may reach him at gvo-
vacek@nexicom.net.
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can be set by a crystal or an external

FE ATURE source. The raw PN generator is

shown in Figure 1.
ARTI CLE My first draft of the design generat-
ed 16 sequences having lengths from
7 to 8,388,607 bits (22 — 1), but later
that changed. Now you have the
Tom Napier option of either a byte clock output or
a data modulation input. The maxi-
mum sequence length extends to
2,147,483,647 (2°! — 1) but there is a
smaller choice of lengths.

. . THE GENERATOR CODE

A S I n g | e - C h I p P N In my previous article, I gave a frag-
ment of code that generates sequences
whose shift registers had fewer than

S G t 16 bits. Because this code uses bit test

e q u e n Ce e n e ra O r instructions, it generates one prede-

termined sequence. What I wanted

was a chip that can be programmed to

provide sequences of several lengths

by wiring port pins high or low. How

do you do this?
There are two approaches to this

n my Circuit type of program that you can use. One
Cellar article pub- uses a single code loop with variable
lished last November, = parameters. In this case, these would

PICkIng up Where he I described some applica-  set the shift register length and the
|ef‘t Off | ast November tions of pseudo-random number (PN) tap positions. The other approach
’

sequences. [1] I explained how to gen-  says, hey, I only have a few cases to
Tom ta kes us th rough erate them with hardware and alluded  consider, let’s give each one its own
to using microcontrollers as PN dedicated loop.
the proceSS Of con- sequence generators. I'd like to Which solution you choose depends
Structlng a psuedo- expand on the latter idea this month on whether or not there is program
and introduce a single-chip program- memory space for all the loops and
random number gen' mable PN generator. whether or not a single multifunction
: A single-chip programmable PN loop is significantly longer than a ded-
eratorv USIng Only one generator uses a Microchip PIC16C54  icated loop. Bear in mind that the
Ch|p one Crystal and 18-pin microcontroller to generate multi-loop solution needs room for
’ . many different PN sequence lengths. both the start-up code and the code
one Selector SW|tCh . You can use this device as a binary that reads your input and selects

test source, audio noise generator, or which loop to execute.

There are mUlt'ple data encoder. Four of the

uses for a program- - [N P
LI

mable PN gene rato [, clock, frame synchroniza- T

tion pulse, and byte clock. |

and he,” ShOW you The latter can load 8-bit DIP Suitch

) uL Sut
those 1(0]0) random numbers into a 1[5 a2 —
) . . 31 TacKI L e
DAC with the help of an 3 B T =
. . RAB — )
external shift register. a5 | e
. . = H2 =
The output bit rate is 0.01 oz 15 0se,  nos i
RB4
of the clock frequency and (o Rea Byte clock
RB2 Sync pulse
7 RB1 Bit clock
2 uss RBO £ Data out

=4 PIC16C54

Figure 1—Generating a binary PN =
sequence takes one chip, a crystal, Data in
and a length selector switch.
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So, how many dedicated
loops can you shoehorn into 2)
the 512 instructions of the
'16C542 Well, that depends
on how long a loop is going
to be. A loop executes once
per output bit, thus its
length and the processor’s
clock frequency limit the b)
maximum bit rate. As a gen-
eral rule, shorter loops are
better because they make
the output run faster. Within
each loop, you have to cycle
the shift register, exclusive-
OR two bits to get the next

,7 Sync pattern

Unwanted

does is test whether or not
you have asked for a new
pattern length. If not, the

[o]o[oJoJoo]o] [o]oJo]o]o]o]o]o] [ooo[1[X]X]X]X]

loop repeats.

Coc

,7 Sync pattern

Shift direction ——— >

SEEKING SYNC

It’s the need to detect a
unique frame sync pattern
in each sequence that
drives the firmware design.

Suppose you insert new
bits into the shift register

0—>oJoJofoJoJofoJo] [ofoJofofoJofofo] [ofo]oJofo]o]o]1]

Shift direction ————

via the carry bit as you
shift from left to right. You
have to exclusive-OR a

“tap” bit with a “top” bit

bit in the sequence, test for
the sync state, and check for
a new user input. If you
want patterns up to 2> — 1 bits long,
you need to shift three bytes; four
bytes allow sequences up to 23! — 1
bits long.

Not to keep you in suspense, I dis-
covered I can, with some trickery, get
down to 23 instructions per loop
using fixed parameters. Variable
parameters would add a few extra
fetch instructions. The jump back to
the start of the loop occupies an extra
instruction time. Therefore, if you
pad the loop to 24 instructions, you
get the 100:1 ratio I mentioned
between the PIC’s clock frequency
and output bit rate. (The PIC’s
instruction rate is 0.25 of the clock
frequency.) Numerical convenience
thus made a strong case for multiple,
fixed-parameter loops.

Some of you may argue that short
sequences can be programmed in
fewer instructions, which is true, but
you don’t want the data rate to
change when you switch sequence
lengths. Hence, all loops have the
same length, regardless of the number
of shift register bytes they use. Later I
traded off sequence length against
special functions but kept the loop
length the same.

For example, 16 loops that are each
24 instructions long is 384 instruc-
tions. This leaves lots of space for the
housekeeping routines. Each loop
includes a test for any change in the
four programming pins. If a change is
detected, execution jumps to the
housekeeping routine. This reads the
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Figure 2a—A conventional PN shift register can be rearranged like (b) to simplify
detecting the synchronization state.

user input, resets the shift register to
the start condition, and directs execu-
tion to a new loop.

Using the PIC16C54’s maximum
20-MHz clock, the output bit rate is
200 kbps, a nice round number. Not
only can you test data systems run-
ning at the popular 64-kbps rate (with
a 6.4-MHz crystal), you can also low-
pass filter the output to get 10-kHz
audio noise. An all-hardware system
can easily run a hundred times faster,
but if you don’t need the speed, this
implementation is smaller, cheaper,
and more flexible. The '16C54 will
run happily with an external hundred-
times bit rate clock fed to its OSC1
pin. With a 74HCT4046 VCO/PLL
chip, you can lock the output rate to
an external bit clock. This can be use-
ful, for example, when PN encoding
an existing data source.

OPTIMIZING THE LOOP

Let’s review what the loop has to
do. It must exclusive-OR two speci-
fied bits, shift a multi-byte register,
and then insert the computed bit at
one end. It also has to test if the regis-
ters contain the frame synchroniza-
tion state. This occurs once per 2N - 1
loops, where N is the number of
active shift register bits.

If you want a byte clock, the loop
also has to increment a counter. The
data bits, frame sync pulse, and byte
count must appear at an output port
along with a clock that rises and falls
once per bit. The last job the loop

CIRCUIT CELLAR®

to create the bit to insert.
The tap bit is always in the
register’s farthest left byte
but the top bit can lie in any byte,
depending on the sequence length.
Messy, but not a major problem.

What makes things cumbersome is
that the shift register contains surplus
bits downstream from the top bit.
These must be masked out when test-
ing for the sync pattern. For example,
if you were using 20 shift register
bits, the sync pattern could be 19
zeros and one one. Shifting left to
right, you would have 00000000
00000000 0001xxxx in the registers.
The xxxx is whatever bits have been
shifted past the end of the 20 active
bits. In this case, the bit about to be
shifted in at the left is the exclusive-
OR of the twentieth and the third
bits. The group of unwanted bits to be
masked out depends on the sequence
length. And, for short sequences, it
will extend into several registers.

But, there is a way around this. You
can right-justify the active sequence
within the multi-byte shift register.
Now the lowest bit of the farthest
right byte becomes the last active bit.
It will be exclusive-ORed with some
bit far off to the left and the result
ORed into whichever register bit is N
bits from the right end of the register.
If you shift zeros into the left end of
the register, you guarantee that the
OR operation will give the correct
result and that the unused bits to its
left will be zeros.

Now, all sequences will contain the
00000000 00000000 00000001 sync
pattern at just one point in their
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Listing 1—This loop, which generates a 2°- 1 bit sequence, is typical of those using a 3-byte shift regis-
ter. The 4-byte version omits the byte clock instructions but can modulate an external datastream.

L23: NOP
INCF COUNT, 1
MOVLW 1
BTFSC HIGH,3
XORWF LOW,1
BCF STATUS, 0
RRF HIGH,1
RRF MID,1
BSF PORTB, 1
RRF LOW,1
BTFSC STATUS, 0
BSF HIGH,6
DECF LOW,0
TIORWF MID,0
IORWF HIGH,O0
MOVF STATUS, 0
ANDLW 5
BTFSC COUNT, 2
IORLW 3
MOVWF PORTB
MOVF PORTA, 0
XORWF USER, 0
BTFSC STATUS, 2
GOTO L23
GOTO NEW
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;Spare instruction
;Step byte count
;Identify top bit
;Check tap bit

;D00 ex-0R if it's a one
;Clear carry

;Start shifting 24 bits

;Raise bit clock

;Test carry bit

;Input to shift register
;Test for 1 state

;Test for 0 state

;Test for 0 state

;Status word to W

;Select carry and zero bits
;Test byte clock counter
;Set byte clock output bit
;O0utput data, sync and clock
;Get user's selection

;Test for change

;Skip if change

;Repeat Toop

;Get new user input

cycle. The top bit is always the bot-
tom bit of the right-hand register and
the tap bit is off to the left some-
where. One bit test instruction can
address both the correct byte and bit,
so that’s not a problem. Figure 2
shows the improved configuration.
Note that because you are inserting
the new bit after the shift, it goes in
one bit farther right than before.

BUILDING THE LOOP

Because you are going to shift the
top bit into oblivion anyway, you can
use it as a result bit. The exclusive-
OR process then becomes testing the
“tap” bit. If it is a one, toggle the
“top” bit or do nothing. Now, shift all
three registers, remembering to clear
the carry to shift in a zero at the far-
thest left end.

Where did the result bit end up?
Not in oblivion, but in the carry bit.
There it will remain safely until you
need it again. Of course, the first
thing you do is insert a one into the
proper place in the proper byte to cre-
ate the correct sequence. That takes
two instructions, bit test and bit set.

The sync pattern test comes next.
A single instruction fetches the far-
thest right byte and simultaneously
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decrements it. If and only if it is
00000001, the result in the W register
will be zero. ORing W with the other
two bytes leaves a zero result only if
they are both zero. Thus, the zero bit
in the status register is set only when
the sync pattern is present.

The status register now contains
two bits that you can use as outputs,
the data bit in the bit O (carry) posi-
tion and the sync bit in the bit 2
(zero) position. You can generate both
outputs simultaneously by masking
the status word and sending it to the
output port. Well, it isn’t magic, but
pretty close.

And there’s more. After masking
the status byte, test the byte counter’s
bit 2 and set an output bit according-
ly. That gives you a flag that goes
high for four bits and low for four
bits. It can latch bytes from an exter-
nal shift register into a DAC. Only
one thing is missing, the bit clock.
That one’s easy. You are already send-
ing four bits to the output port, but
one of them is always zero. All you
have to do is slip a Set Port Bit
instruction into the loop about
halfway down. That gives you a bit
clock that rises in the middle of an
output bit, the perfect place for latch-
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Figure 3—As its response to a 5-us

pulse shows, the low-pass filter stretch-
es each bit over many bit periods. The
input pulse is 5-V high and the peak out-
put is 650 mV.
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/ pulse
1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 ms
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ing the output. The bit clock falls
synchronously with the change in the
data bit.

Now, you're one instruction short.
Once per loop you must increment
the counter register that supplies the
byte clock. If you program the chip to
select bit 3 of the counter, you will
get a word clock and can latch 16-bit
random numbers. If you want to be
really tricky, you can use the top
three bits of the status register as the
byte counter and shorten the loop by
one instruction!

All that remains is to compare Port
A, the current user input, with the
register that stores the last user input.
If the two are the same, you loop back
to the beginning. If they are different,
exit to the housekeeping routine. The
end result is shown in Listing 1. The
frame sync pulse is 1-bit long and
occurs once for each repetition of the
data pattern. Its main use is to syn-
chronize an oscilloscope to the pat-
tern. Also, the frame sync locks a sec-
ond generator to the same pattern.

ADDING MORE GOODIES

At first glance, it looked as if some
desirable features would have to be
left out unless I accepted a longer
loop and lower bit rate. The longer
the PN sequence, the better noise
spectrum it generates, so an extra
shift register byte would be nice.
Unfortunately, that takes two extra
instructions, one to shift it and anoth-
er to test it for sync. I also wanted a
data input pin to select for a normal
or inverted output. This pin also
allows binary data to be encoded by
the PN sequence, although, because
the input data is sampled once per PN
bit, its rate has to be the same as or a
submultiple of the PN bit clock rate.

In theory, a similarly programmed
chip at the receiving end could
demodulate the encoded data, but it
would need a variable rate clock and
what amounts to a phase-locked loop
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to lock it to the input data. Achieving
lock isn’t difficult if the frame sync
pulse can be transmitted with the
data, but is tricky if only the data sig-
nal is transmitted. In practice, it may
be easier to use the hardware decoder
circuit or its firmware equivalent
from Figure 2 in my November issue
article. [1] Even that requires the
clock to be transmitted with the data
unless you can lock the receive clock
to the incoming data.

In order to add these features, some-
thing has to come out. Maybe that
byte clock isn't so useful after all (I'll
get back to this later). What would
you gain if it weren’t there? You're
using one instruction to increment
the counter, one to test it, and one to
output it. Plus, you have a spare
instruction. You can do a lot with
four instructions.

For a start, you can increase the
shift register length to 32 bits, which
will use two instructions. Then, you
can put in that data input I men-
tioned earlier. One instruction tests
the input and one exclusive-ORs the
output bit.

My first draft of the firmware used
a 4-bit command word to generate
one of 16 sequence lengths. I modified
this code to give eight lengths having
a byte clock and eight lengths having
a modulation input. The Byte Clock
mode gives cycle lengths of 7, 31, 127,
1023, 32,767, 131,071, 1,048,575, and
8,388,607 bits. The Data Modulation
mode drops the 7- and 131,071-bit
cycles and adds one of 268,435,455
and another of 2,147,483,647 bits. At
full speed, the latter repeats every 3 h.

PN APPLICATIONS

So, now that you have a pseudo-ran-
dom serial bitstream, what are you
going to do with it? Suppose you take
the raw binary data and low-pass fil-
ter it. A low-pass filter will take each
bit of the output and smear it out
over a time roughly the reciprocal of

www.circuitcellar.com
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Figure 4—This Bessel filter converts a binary sequence into audio noise. It
includes an offset control, which can be adjusted for a mean DC output of zero.
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the filter bandwidth. Figure 3 shows
the result, a single 5-us bit ends up
about 80-ps long. Because no energy is
lost, the amplitude falls to about 650-
mYV in this case. The same thing hap-
pens to each bit, so the actual voltage
at any point will have contributions
from about 16 successive bits.

If you sum many random bits (i.e.,
use a low enough filter bandwidth),
the net voltage will have good approx-
imation to a Gaussian distribution. In
other words, you will have generated
band-limited analog noise from a digi-
tal input.

In practice, the filter bandwidth
needs to be about 0.05 of the bit rate,
so you can’t achieve a noise band-
width above 10 kHz. Ten kilohertz is
enough for experimenting with audio
signals such as seeing how much
noise a voice signal will tolerate
before it becomes incomprehensible.

The lower cut-off frequency of the
noise is set by the cycle repetition
rate. You get a strong beat at this rate
so you don’t want to use too short a
PN sequence for audio testing. A 2% —
1 sequence is adequate, it repeats
about every 5 s. The 2°! - 1 sequence
should be random enough for any job.
More or less complex ways of creating
a higher noise bandwidth from a PN
sequence have been determined. [2, 3]
The low-pass filter has its limits but
is far easier to implement.

USING THE BYTE CLOCK

There’s another way of achieving a
similar end. That’s why the device
has a byte clock output. I thought of
providing a byte-wide output from the
generator, but that would have
required a three-port chip and two or
three more instructions in each loop.
Instead, you need an external shift
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register chip to convert the serial bits
back to parallel form.

Another possibility is to modify the
byte clock timing to drive a serial
input DAC. The DAC latch is clocked
every eight bits to store the shift reg-
ister output. Provided the generating
shift register is longer than 1 byte,
you get a series of 8-bit uncorrelated
analog voltage samples at 0.13 of the
bit clock rate. If you filter them with
a bandwidth equal to half of the byte
clock rate, you will get analog noise.
There’s just one snag, the DAC out-
put takes every possible output equal-
ly often, thus, its amplitude distribu-
tion is rectangular, not Gaussian.

THE FILTER

The low-pass filter in Figure 4 is a
four-pole, Bessel filter implemented as
two Sallen-Key stages. A fast op-amp
is needed even though the output is
less than 10 kHz. Don’t be tempted to
use, for example, an LM386 in place
of the TLO82 or a similar amplifier. A
Bessel filter doesn’t cut off sharply
but it minimizes distortion of the
waveform. It’s also less fussy about
component values than most filters,
so readily available parts can be used.
A trimmer is included to set the
mean output level to zero.

UNCHANGING NOISE?

The great advantage of this noise
generator is that, unlike diode- and
amplifier-based noise sources, it
always has the same output. The fil-
ter input is digital and the amplifiers
are simple unity-gain buffers, so the
output amplitude doesn’t vary with
time or temperature (its rms value is
about 550 mV). The frequency spec-
trum is as flat as the filter can make
it. And, if the amplitude distribution

CIRCUIT CELLAR®

is not exactly Gaussian, it won'’t mat-
ter for a lot of jobs. (If you want to
read more about when it does matter,
check out another article I wrote a
few years ago. [3]) Besides, every time
you reset the PIC, it generates exactly
the same random noise. Now there’s a
paradoxical notion. &l

Tom Napier was a principal engineer
in the Signal Recovery Group of the
Aydin Corporation for eight years. He
is now an electronics design consult-
ant and a writer.

SOFTWARE

The code is available on the
Circuit Cellar web site.
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Flash Gang Programmer
for Microcontrollers

With the popularity,
and not to mention
the practicality, of
designing flash mem-
ory into projects or
using flash memory
micros, Noel found a

way to program multi-
ple flash memory
components at the
same time and made
using flash memory
even easier.
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lash memory
microcontrollers
and flash memory are
popular these days.
These devices can be programmed and
erased in system and can be erased
without the usual UV EPROM eraser.
Flash memory devices can be pro-
grammed ordinarily like their EPROM
counterparts, but there is no need to
erase the device using a UV eraser.
Erasure is done electrically. Using
flash technology eliminates the need
for an expensive ceramic package and
quartz window. These devices are
called flash because part or all of
these devices can be erased in a flash.
Second generation flash memory
devices do not use an external voltage
higher than 5 V

this flash memory microcontroller
gang programmer you only need to
press a switch to program seven
microcontrollers at once. Simply
insert the master copy and targets. No
microcomputer is needed. The circuit
is also easy to construct.

TECHNOLOGY OVERVIEW

Flash memory works by using the
principles of Fowler-Nordheim tun-
neling and hot electron injection. The
former is a low-current physical
mechanism for erasing, and in some
cases, programming a flash memory
device. In this mechanism, charge is
removed from the floating gate of a
memory cell through a thin layer of
tunnel oxide. Hot electron injection is
a high-current physical mechanism
for programming a flash memory or
EPROM. In this mechanism, charge is
injected from the floating gate of a
memory cell through a thin layer of
tunnel oxide.

The memory cell of the industry-
standard, single-transistor, NOR-type
flash memory device is nearly identi-
cal in design and processing to the
cell on mature UV EPROM products
(see Figure 1). There are only two dif-
ferences. The flash cell uses a graded
double diffused on the source and has
a thinner tunnel oxide—about 100
angstroms versus 150 angstroms for
the EPROM cell. Double diffusion on
the source and thinner tunnel oxide
help Fowler-Nordheim tunneling dur-
ing erase.

The first generations of flash mem-
ory devices use bulk erase where the
entire flash memory array is erased at
once. Later generations of flash mem-
ory devices have a sector erase archi-

for programming
and erasing.
Programming
microcontrollers

Control gate

can be done using
a universal device
programmer or
dedicated pro-
grammer. But, to
program many
devices at once,
you need a gang
programmer. With

Floating gate

Tunnel oxide

N+ Source

P Substrate

EPROM cell

N+ Drain

Control gate
Floating gate

Tunnel oxide

N+ Source
N—

N+ Drain

P Substrate

Flash memory cell

Figure 1—Check out EPROM cell and flash memory cell differences.
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tecture. Sector architecture is the seg-
menting of a flash memory array into
smaller sections for erase operation.
Changing logical 1 to logical 0 in the
flash memory array is what happens
in programming. Programming is
accomplished in a flash memory
device one byte or word at a time.
Erasing is done by changing logical 0
to logical 1 in the flash memory array.
Unlike programming, flash devices
cannot be erased one byte at a time.
In a single transistor, stacked-gate
NOR flash, all bytes must be pre-pro-
grammed and erased prior to program-
ming. For flash memory devices that
have internal algorithms for program-
ming, the state machine on the flash
device will automatically program the
byte of data appearing on the data
bus. In addition, for flash devices that
have an internal erase algorithm, the
state machine on the flash memory
devices will automatically program
the flash array prior to erasure.
Internal algorithms automatically

Figure 2—The '89C51
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Figure 3—The seven duplicate microcontrollers are wired in parallel except for their ENABLE signals some signals (pin 28) and V., pins (pin 40).
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Figure 3—continued
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will not need high endurance
for applications such as PC
BIOS and other designs that
require infrequent code changes.
However, it can be used as a
measure for device reliability.
Two failure modes are typically
associated with flash memories,
hard failures and soft failures.
Hard failures are complete and
unrecoverable, and their root
cause lies in the manufacturing
process. Flash memory
endurance is typically limited
by soft failures. Soft failures
occur when random bits erase
too quickly.

Flash memories are erased in
blocks, and because not all bits exhib-
it identical erase characteristics, a fast
erasing bit must be exposed to the
erase voltage until the slowest bit is
erased. As a result, the fast bits can be
erased too much, forcing the transis-
tor cells into Depletion mode. This
condition is called over-erase.

An over-erased bit produces leakage
current that causes an entire column

Photo 1—Zero insertion force sockets (ZIF) are highly recommended for
the master copy and duplicate flash memory microcontrollers for ease of
inserting and removing ICs.

to malfunction. The result is a system
failure. Soft failures occur as a result
of incorrect implementation of manu-
al program and erase algorithms.
These incorrect implementations
occur in flash memory devices that do
not have embedded algorithms on
chip. Embedded algorithms monitor
internally the successful erasure and
programming of all bytes. Equally
important with embedded algorithms
is the fact that device level code gen-

2MB RAM, TMB Flash memory

2 serial ports - R5-232 / 485
Alphanumeric LCD interface
DiskOnChip £ SRAM expansion sockel

DOS Webserver with full source code included!

TS-2200 Embedded PC:

$199 QTY 1 = Add $70 for Dev. Kit
480-837-5200 / fax: 480-837-5300 / info@embeddedx86.com

www.embeddedx86.com
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eration is minimized, reducing
overall system-level code devel-
opment and debug time.

CIRCUIT DESCRIPTION

The circuit relies on the
power of the AT89C51 to act as
a microprocessor when access-
ing external memory and as a
microcontroller when memory
expansion lines become I/O
ports. The heart of the circuit is
an ‘89C51 4-KB flash memory
microcontroller (see Figure 2). It
is in charge of erasing, program-
ming, verifying, and lighting the
corresponding LEDs if the whole
process is successful. The ‘89C51 gen-
erates the proper timing and sets the
correct flash programming modes
using its I/O ports. It also controls the
super voltage or programming voltage
and the address decoder to read the
eight microcontrollers. Table 1
describes the flash memory program-
ming modes used to program the
duplicate microcontrollers.

The table describes how the master
pins and the duplicates are wired and
port lines control other pins of the
duplicates. Looking at RESET and
/PSEN, these two are hardwired to
V.. and ground, respectively, because
these pins do not change state for all
the programming modes.

Other lines vary so they are con-
nected to the I/O pins of the main
controller Ul. One I/O line controls
the V,, circuitry composed of Ul, QlI,
R1, R2, R3, R4, C12, and C13. U10 is
an adjustable linear regulator whose
voltage is dictated by two resistors. In
this case, it is R1 and R3 or R2.
During Read mode, 5 V is needed at
the V,, pin. So, controller Ul turns on
transistor Q1, and R3 is in parallel
with R2.

The combination produces a lower
resistance, so 5 V is the result of the
resistor combination. During Write
mode, 12 V is needed to program the
chip so that controller Ul turns off
Q1. In effect, R1 and R2 are a two-
resistor combination, so the result is
12 V. R2 is a resistor trimmer that lets
you adjust the voltage to 12 V. C12
filters the voltage appearing across R2
to minimize ripple.

www.circuitcellar.com
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HIGH-PERFORMANCE FUEL GAUGE INTEGRATES
Li-IoON PROTECTION CIRCUIT AND SENSE RESISTOR

The revolutionary DS2760 from

Dallas Semiconductor is the first fully-featured fuel
gauge IC that integrates two critical components [
a sense resistor and Li-Ion protector [J on a 3.25

mm X 2.74 mm die-sized package. The DS2760
includes high-precision data acquisition and fuel
gauging with no external sense resistor, an integrat-
ed Li-Ion protector, and sufficient memory to store

the personality of the battery pack. All this function-

P
—{ smam |

ROM ID
1-Wire

ality comes in a small footprint at very low cost.

SAFEGUARD YOUR CELL AND PCB AREA __
The integrated DS2760 protector continuously
monitors the cell for overvoltage, undervoltage and overcurrent
(charging and discharging). The protector controls external FETs,
which terminate charging and/or discharging, depending upon the

safety violation.

PRECISION PERFORMANCE

The DS2760 continuously measures and stores the battery's volt-
age, current, and temperature with plenty of resolution and
dynamic range for even the most demanding applications.

The high-precision current measurements are integrated over
an internally-generated timebase to facilitate fuel gauging. The
current measurement/fuel gauge is made even more accurate
through real-time continuous and automatic offset corrections.
Because a sense resistor is paired with each DS2760, even
resistance variations from processing and temperature are
trimmed out.

STORE WITH CONFIDENCE

The DS2760 comes fully loaded with 64 bits of unique and
unalterable ROM in the form of a 1-Wire® net address. 32 bytes
of lockable EEPROM store critical static data that cannot be lost
in the presence of a pack short circuit or ESD event, such as cell
capacity, charging/discharging efficiency, and cycle count. 16
bytes of SRAM allow for frequently changing data.

SIMPLIFIED COMMUNICATION: JUST ONE PIN

All DS2760 data is transferred between the battery pack and host
via a single wire, multi-node, digital communication interface.
The 1-Wire interface minimizes battery contacts, reducing
overall pack cost. The DS2760 is also the first Li-Ion protector
that allows the host processor to electronically monitor/override
the on-state of the safety FETs. You can even use this feature to
cycle power of the portable product or to swap between packs in
multi-pack applications.

www.dalsemi.com/DS2760

-u__u..

DS2760 | .

Ly

IGNITE o 3
YOour DEsIGN & _ % & "'.\',,\
We can get you

started with an evaluation kit for the
DS2760, which includes a miniscule 5 mm x 45 mm rigid PCB com-
plete with the DS2760, IRF6150 power-FETs, and demonstration soft-
ware. If you want all this power at minimal cost, check out the

DS2760 at www.dalsemi.com/DS2760.

Features

© Single-cell Li-lon protector for over/under-voltage, overcurrent
(charge/discharge), short circuit

© Optional integrated 25 mQ sense resistor, individually trimmed
on each DS2760

© High precision data acquisition
¢ 13-bit current measurement
¢ 11-bit temperature measurement
+ 10-bit voltage measurement
¢ 16-bit current integrator (fuel gauge)

© Real-time automatic and continuous current ADC offset correction

® Unique and unalterable 64-bit ROM

© 32 bytes of lockable EEPROM

© 16 bytes of user SRAM

© 1-Wire, multi-node digital communication interface

© Multi-pack power management support and system power
control using protection FETs

© Only 2 pA (max) in sleep mode and 80 pA (max) in
active mode

©3.25 mm x 2.74 mm die-sized package
or 16-lead TSSOP package, both with ’
or without optional 25 mQ sense
resistor

® Evaluation kit available

= DALLAS

4401 South Beltwood Parkway, Dallas, Texas 75244-3292 > Phone: 972-371-4448 > FAX: 972-371-3715 ﬂ' SEMICONDUCTOR
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C13 also acts as a filter and absorbs
some transient that may appear at the
output of the regulator. Ul1 is a volt-
age regulator that gives a 5-V output.
D2 is a bridge rectifier that converts
AC to DC. With a bridge rectifier, you
can use an AC or DC adapter and not
be concerned with the polarity of the
input (with a DC adapter).

C10 is a filter capacitor that
smoothes the ripple of the voltage.
C11 is also a filter needed by the 5-V
regulator as indicated in the
datasheets. U9 is an octal D flip-flop,
which is used to latch the outputs of
PO. The IC has enough output current
on each pin to drive the LEDs to an
acceptable level. Resistors R6 to R12
limit the current so that U9 will not
be damaged. And, U5 is an octal
transparent latch, 74HC373, which
captures the lower address A0 to A7
when the signal ALE (address latch
enable) is present.

From this moment, I will refer to
the microcontrollers to be written to
as duplicate microcontrollers. This is
used to access the duplicate flash
memory microcontrollers as external
memory to the main controller Ul.
Memory read access is done using the
MOVX instruction.

With this method, the read access is
automatic, and there’s no need to set
up ports for the address. Because the
write memory cycle cannot be used to
write to the duplicate microcon-
trollers, an AND gate, 74HCO08 (USC),
is used to latch the address to U5
without using the MOVX instruction.
A simple write to Port PO is used, and
then Port P1.2 (labeled “latch”)
applies a signal to latch the address
appearing at Port PO.

U7 and U17, 74HC32 are an OR
gate that is used to enable the dupli-
cate microcontroller at the proper
time when it’s accessed via the
MOVX instruction. To access a cer-
tain microcontroller as a memory ele-
ment two things are needed. One is a
signal from the address decoder,
another is the *RD signal generated
by the MOVX signal. U6, 74HC138, is
a decoder used to enable the duplicate
microcontrollers one at a time. Take
note that the address lines are not
decoded to enable the duplicate

www.circuitcellar.com

microcontrollers, because a write
memory cycle cannot be used to pro-
gram the microcontroller.

Ports are used to access the micro-
controllers one at a time for reading
and writing the data to the microcon-
trollers. The reason for this is that the
signals at the ports do not change for
the duration of a write cycle. In addi-
tion, writing one byte to one micro-
controller takes as much as 2 ms.
Also take note that a MOVX is not
used for writing to the microcon-
troller. The address is manually
latched and data is written to port PO.
A SIP resistor connected to the data
bus as indicated in the datasheet for
programming the flash memory
microcontrollers.

A 4-MHz crystal is used for the
clock oscillator. The clock must be
running because the device is execut-
ing internal address and program data
transfers while programming. Quad
comparators U19 and U20 detect the
current for each microcontroller. R15
and R16 set the reference voltage for
the threshold of the current detector.
A voltage drop is produced when cur-
rent passes through R14 (the same for
other current detectors) and when the
voltage drop is lower than the thresh-
old. This causes the LED to light,
indicating misinsertion.

CONSTRUCTION AND
ASSEMBLY

The prototype was constructed
using point-to-point wiring. Use dif-
ferent colors of wrapping wire so that
you can trace the connections.
Ordinary IC sockets were used, but if
you desire, you can use wire-wrapping
sockets. Lay out the ICs such that ICs
connected together are near each
other. For example, place U5,
74HC373, close to U1, AT89C51.

After wiring the circuit, check the
connections among the ICs according
to Figure 3 using a multimeter.
Notice that the duplicate microcon-
trollers are wired in parallel except
from some signals. Check that their
connections are parallel. Place the
crystals and load capacitors (e.g., C2
and C3) close to the microcontrollers.
It is recommended to use ZIF sockets
for the master copy and duplicates if

CIRCUIT CELLAR®

Wireless Data Modules

TYPRICAL TX3 | AX3
APPLICATIONS

The TH3 end AX3 ere mnacure LHF rado
CrErmmtier & recever modldes desgred
for PCB mounting They alow tha simpla
rmplernencanion of

daca ks 8t soeecs

un to S0xbfs and

dstances up to 30m

rroudng of 120 ove™ ODEn ground

(A LEMOS ;:50=vees,

Auturn, MA 01501
- INTERNATIONAL Fox: S08-T98-4TES

lemosint.com = 508-798-5004
sales@lemosint.com

Wireless Data Modules

The S00 Xtream FAF transcewver
small powerful data radio for
whirsless control o date cransfer
application, remote meter Heading
smart shopping cart, nduscrisl/
COMmimier it H;Z‘I.'I|Il.'.lh'_ll.'ll'|!i

FEATURES:

* data race SB00 o 182
See 16 in x 27 n x 035 in

* Spread Spectrum

Fraguency

Hopping

* long range

*LIL
RS232]

‘. LEMDS 65 Soulhbridge 51

Autbuin, MA 01501
— INTERNATIONAL Fay S0R-TOA-4782

lemosint.com = 508-798-5004

sales@lemosint.com

Wireless Data Modules

[' (o T

f_'w-\,”’

418 or 433 MHZ

Thea THZ2 and A2 redo reremicier Brd receher
por engbie the smple mplemencaton of @ dota ik
ot up B0 A0bels st cetances up o Fom rrbuldng
and 00 open ground Thess modues il Sut
onertoeone ond muitnode wireless finkg n
At ik dng o8 B buidng setuety, EROS
B MVENDD™y Tackn MNemoE MoUEeDra process
montorng and CompLber netwariag

FE]EI- HE . high data rabes; up b 164 kbps
U + song range: up 10 10 kilometers
sales@lemosint.com

‘ ,. LEMOS 85 Southbridge St.

[N oo Ao AT

lemosint.com « 508-798-5004

Issue 129  April 2001 51



http://www.lemosint.com

INDUSTRIAL BOARDS
AND MODULES

- RS-232 data acquisition
- Single board computers
- LED message displays

The easiest and quickest
to employ products you’ll
ever use - Guaranteed!

P.S. No “accessories” required.
Each product comes with what you
need to cable it, power it, & use it.

IndusTrOLoOgic’

3201 Highgate St. Charles, MO
63301 USA (314) 707- 8818

www.industrologic.com

PIC-SERVO

Motion Control

Low-Cost Mation Controllers for Brush,
Brushless and Stepper Molors

= Din-board powesr amplifiers
= 5232 | 5485
Interface - Up o
32 awes pof port SIS

= Lingar ard cirgular
interpolation

= Softwane suppor for Windows,
embeddad controllars, and other platiorms

= Excelient on-irs cusiomer suppon

= Lisand in Electonics, Biotechnology, Malenal Handing,
CMC and Robolics appicalions amund the workd

Cur PIC-SERVO, PIC-STEP, and PIC-V0 chip
sats ane also avalable for use in custom designs

J R KERR ALTOMATION ENGINEERING
www jrkerr.com

g
s

g L

* £
>

, Custom Boarp DESIGN

K, el sk s dthleri sttt

] 1

]

O Trrursand f 1

Aeiialis Fuses L

“arsans & Schears i

By s et immgpinnin i

b of i, VI, 30 bl wereciied

rateasos & DS lI

E

i

b

i

ol

4

¥

E

B i

%' Frinhehiet Choasblnes .1

g ¥ youTe et i (AN T moat oA O youF Pl &

¥ the most o i Call, Fa o Emal (8 v @ e camaicy 4

11‘ 0 CPU opsana %

T MIDW ST MICROTTE mﬁ B

T 1010 32nd Avanues 2 1'|"- 1

Bicskings. S0 STH00 ' ..I-.,-,-Ill.]_.- L

1 Phone: 8085 6578521 \Ji'l,'l.".-r"’ i

1T Fam: BO5652 5112 i

' AN Tt arirg ITRC 0 i 24T Iy

Eamisherd b b b s Fuum

P e e

.

52 Issue 129  April 2001

Mode RST /PSEN ALE/PROG EA/V,, P26 P2.7 P3.6 P3.7
Write code data H L Pulse 12V L H H H
Read code data H L H H L L H H
Chip erase H L Pulse 12V H L L L

Table 1—These are the flash programming modes and required pin statuses for proper erase, read, and write to

the flash memory.

you have them (see Photo 1). Before
inserting the ICs, check for the pres-
ence of 5 V on the V. pin of each IC.
Also check that the ground pin of
each IC is connected to the ground of
the power supply.

CHECKOUT AND USE

The first thing that you must do is
calibrate the programming voltage
appearing on pin 31 (*EA V) on the
duplicate microcontrollers. Pull con-
troller U1 from its socket so that the
programming voltage appears on the
V,, pin. Then, slowly adjust the volt-
age to 12 V. Note that failure to adjust
the programming voltage may result
in electrical overstress on the V,, pin
of the microcontrollers. This will
result in defective microcontrollers.
The duplicate microcontrollers may
also fail to program in cases of under
voltage. Equally important, check if 5
V is present on V. pin 40 of all
microcontrollers.

To use the programmer, insert the
master copy and the duplicate micro-
controllers to the corresponding sock-
ets. Then, turn on the device. Make
sure to press the Start button at
powerup to indicate if you're going to
program an ‘89C51 (4-KB flash memo-
ry). Otherwise, it defaults to program-
ming an ‘89C52. The green LEDs will
blink once if it is set to program an
‘89C51 and twice if it will program an
’89C52. After that the LED will blink
to indicate the start of the program-
ming process.

Wait for the “program end” LED to
light up and indicate it is finished.
The datasheet states that the timed
write for one byte takes no more than
2 ms. However, the write timing for
one byte is adjusted in the firmware
to 2.5 ms for allowance. The green
LED will light up for each correspon-
ding microcontroller to show if the
programming process was successful.
If it does not light, you must check

CIRCUIT CELLAR®

the microcontroller to see if it is cor-
rectly seated in the socket. The DC
adapter used must have a potential of
14 V or greater to overcome the drop-
out voltage of the LM317 U10.

TROUBLESHOOTING GUIDE

There are several possibilities if the
device does not work. For example,
there may not be power on some ICs.
Or, there may be a wrong or poor con-
nection of the control signals (P2.6,
P2.7, P3.6, and P3.7) among the dupli-
cates and controller Ul.

If V,, (pin 31) is missing or at a high
potential all the time, check the
wiring of LM317 U10’s pins. Also,
check Q1 for proper operation.
Another possible problem is a missing
enable pulse on the master copy that
contains code. This would cause all of
the duplicate microcontrollers to veri-
fy correctly even if they are in an
erased state.

Incorrect wiring of the data and
address buses can be a problem, too.
Using a logic probe, check if the con-
troller U1 is active by monitoring its
pins. If it isn’t functioning, check the
reset circuit C1 and D1 and the con-
nection of the crystal. Also check pin
31 (*EA) of Ul to see if it’s wired to
Ve 5 V).

LIMITATION

The device essentially performs
replication, so it can’t check if the
duplicate microcontroller is defective
or not. However, there is an indicator
you can see. If one of the duplicate
microcontrollers is defective, the LED
will not blink at powerup.

To determine the defective IC,
remove the duplicate microcontrollers
one by one until the LED blinks at
powerup. Because it does not connect
to a PC, you can’t load code from a
file and burn it to the duplicate
microcontrollers. You need a device
programmer for this. The main use of

www.circuitcellar.com
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the device is to replicate up to seven is important to note that AT89C51
microcontrollers simultaneously from  and AT89C52 contain embedded algo-

a master device. rithms, which simplified the program-
mer’s firmware. So, if you’re going to

CONCLUSION modify the circuit, you may need to

The flash memory microcontroller modify the firmware. [&]

gang programmer can program up to

seven flash microcontrollers at once. Noel Rios is an electronics and com-

It has been tested with Atmel’s munications engineer. He has worked

AT89C51 and AT89C52s with good with semiconductor and electronics

results. And, the circuit can be modi- companies like Microcircuits, IMI,

fied to accommodate microcontrollers  Allegro, and ASTEC. His interests

from different manufacturers. But, it include computers, embedded con-

On Time RTOS-32

On Time’s royalty-free embedded operating system
implements a Windows NT subset kernel in only 16k.
On Time RT0S-3 has a scalable

component architecture. Only T
the components actually

1

On Time RTO0S-32 Features:
= Source and binary compatibility

with Windows 95/98/NT/2000
> Supports DLLs
= Unmatched real-time performance : :

: RTKernel-32

= (Context switch 0.73ps on P120 Real-Time Muititasking Scheduler
» Supports (but does not require) Hard reab-ime, unlimited umber of task,

PC compatble hardware m Py e Tokeios
> Boots from disk, BIOS extension, RTFiles-32

ROM, or DOS mﬂﬁ HFrlJTI File System
= Windows 95 look-and-feel GUI for foppy diks,IDE hard and flash diks
= Free tech support H DiskOnChip 2000, linear flash
» Full source code available ca 31100

: RTIP-32

= Supports Microsoft, Borland, Embedded TCP/IP Stack

Watcom, Delphi Compilers BOOTF. RARP, ARP, ICHP, UDP, TCP, DNS
» Fully integrates with m%‘;wﬁmmnﬁﬁ N

Microsoft Visual Studio Price: $8250
= Free Evaluation Kit E{:‘Eﬂg::gm

: ; ¥ .

available at llltq:.Hm.un Elme.mm Windows 95 lookané-feel Graphical Use Interface
= No run-time royalties Price: $2500
mﬁmr,jﬁﬁgﬁ;ﬁ; P por g http://www.on-time.com
International: Oa 14 v 12685 Ramsbury = Germany
Prome +4740- 12059005 « F.n + 119243 = emad inka ) oo oo e On Tlme .

REAL-TIME AMD SYSTEM SOFTWARE

54 lssue 129  April 2001 CIRCUIT CELLAR®

trol, power conversion, test & meas-
urement, and GPIB control. He can
be reached at narios@philonline.com
or nar@edsamail.com.ph.

SOFTWARE

The code and a parts list are avail-
able on the Circuit Cellar web site.

AT89C51, AT89C52 Mlash micro- |
controllers

Atmel Corp.

(408) 436-4270

Fax: (408) 436-4314
www.atmel.com

Command standards

JEDEC Solid State Technology
Association

(703) 907-7534

Fax: (703) 907-7583
www.jedec.org

LM317

National Semiconductor Corp.
(408) 721-5000
www.national.com/pf/LM/LM317.
html

74HC373, 74HC08, 74HC32,
74HC138

Philips Semiconductor

(212) 536-0500

Fax: (212) 536-0559
www.philipslogic.com/products/hc

RESOURCES

Atmel Corp., “8-bit Microcontroller
with 4K bytes Flash,” rev., 80C31,
February 2000.

, “8-bit Microcontroller with
4K bytes Flash,” rev., 80C32,
February 2000.

, “Microcontroller
Databook,” Atmel Corp., October
1995, CD-ROM.

Advance Micro Devices, Inc.,
“AMD Flash Memory Quick
Reference Guide—Succeed with
Flash Technology Leadership from
AMD,” rev. 2000.

, “Flash Memory Products
Databook/Handbook,” Advance
Micro Devices, Inc., 1996.

www.circuitcellar.com
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STAMP DRIVE!!

Read [/ Write PC compatible hard

disk, PCMCIA, & Compact Flash, 2€M(1K)
R5232 1o ATA drive adapter for
Stamp, 8051, AVR, PIC, Z80, x86
ANY controller, big or small:
-up to 4 gigabyte capacity eval kit(1)

-low power operation Sv 2ma
-simple sofltware commands
=baud rates up to 115.2khps

-S4 IDE & 521 1SA/104 versions $ 9 5

CREDIT CARD COMPUTER

New PLEG-N00), g0 cablespaser sapply 1o s ?
Lar-parmer RIS epa 100y Dasier thas FIC, 750, Hﬂ‘il
SLEL NY memser, par BT Ach D00y ATH 1% bus
Bui=in BASH Y Assembly, oiber comgilers gyl
Friendly instrection set, wnlile PIC or S051
e | IR prtes 120 eval kin (1) S50

LO COST MINI-PC

Tmebmides POSSY maemm, 4TS M glar B TS s
Pt For sevial, paralbel, LOTE, Ley Bl
Progrmm b Taorba O, BASIC, STASA, eir.
Cioomypibese. ma coably dey elopmest kit oeguinnl

Lew sl paraer bomesl g P eompatible svailable
Aloem 527 Aval 395 AT oem 355 roal 5198
i on Eroller Tor sl wingle'doall wran |4 s
Works will bo-rps (10 120, 330000 [’ |
1w widh PO e SBEC, stamdard VO IEPORS .
segree ode demso shiws VG A ininialication E I
i IR 53T ey a1 ) 395wl 0” L0 T 519
-LERQO external components gam (1k)
~Built-in BASIC / Assembly
-1k Mash.6deedirg.2timers
=15 1/ hits, A/D comparator eval (1)
-20mips,faster than pic/S051 $ 7 0 0
=20 pin DIP part §MY 1200 '

640x480 VGA LCD $27
-R5232 program download
WWW.STAR.NET/PEOPLE/~-MVS

MVS Box 850 Syr Limited Warranty
Merr. NH 03054 Fros Shipping
{508) 792 9507 |= Mon-Fri 10-5 EST

No More Hangups!

Hebouts I on hardwaresofiware hang
I worsioas: HESET, TIMER. FISE
wrael versios erm 52318, moal kST

Hrplage mechamieal ditoes w ik Tasier,
moir Aelallbide, more sivia e whlid-alumie,
Ulne FLASIL SWRAM, UY EPHOM.
TEarils TRLF il IO NREDA versions from
JiKhsbe (UM s DGkgabat (PO
ndarthmg mf %14 0o [ L) S50, 00w alj 1)

SERIAL MINI-TERMINAL

511D pevmibas] Tod Seamp, 1N, £330, AVR gl
“auper low-curreal, powers Trom sorial Ree
SLENY Basrklid 6 TY, sl ta all coaditions
TR Tklvges, DY conm, simple commen iy
aprcily I cwstemizahle or 16 adtile keys |
eyl 1) ST S e 1K) S21 000w BASIH cpm SIT

COMPUTER

NEW! 8K SUPER CHIP
40x the BASIC program space!

-32 ilo, 12 irg. 3 timers, Bus
-SK Mash, 512¢e, 512nvram
-Waltchdog with internal ose.
=40 pin DIP part #MVYE515
oemi 1K) 57.10 eval{l) 525.00

SERVING THE EMBEDDED
COMMUNITY SINCE 1979!
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CARBON MONOXIDE LOGGER

The HOBO Carbon Monoxide Logger records CO
levels, and stores the time-stamped readings in its
internal memory for upload later to a PC for analysis.

The logger has software-selectable ranges of O to
125 ppm, O to 500 ppm, and O to 2000 ppm for opti-
mal resolution and accuracy. Internal batteries pro-
vide power for one year, and can be replaced by the
user. More than 32,000 readings can be recorded in
the logger’s nonvolatile memory.

The carbon monoxide logger is suitable for moni-
toring CO levels in areas such as garages, loading
docks, terminals, furnace rooms, basements, and
office buildings. The resulting data can be used to
identify problems with fur-

NOUVEAUIZ@

Edited by Rick Prescott

naces, vehicles, gas appliances, ventilation, air supplies,
and flues.

The logger’s sampling rate is user-selectable from 0.5 s
to 9 h. The logger measures 5.7” x 2.6” x 1.6”. The option-
al pocket-sized HOBO shuttle uses a single button to off-
load, test, and restart the loggers where they are
deployed. The reusable shuttle is then brought back to a
PC where the data is off-loaded, analyzed, and stored.
Capacity is 468K measurements, which is enough for 13
full carbon monoxide loggers.

The HOBO Carbon Monoxide Logger costs $220 and
the data shuttle costs $159.

Onset Computer Corp.
(800) 564-4377

Fax: (508) 759-9100
www.onsetcomp.com

REMOTE HEAD CAMERA

The unit has a remote
head that measures

The new CV-M535E is equipped with a 16.4’ cable con-
necting the remote head to the camera control unit (CCU).

In addition, the camera is equipped with asynchro-
nous, random trigger capability (external trigger)
enabling image capture con-
trol from an external switch

approximately 0.5” in
diameter and 2” in
length.

The compact head
design incorporates a
1/3” interlaced scan,
monochrome CCD sen-
sor with 768 x 494
effective pixels. The
control unit supplies a
pixel clock for use in
connection with frame
grabbers to assure rock-
solid, jitter-free digiti-
zation.

or sensor. A standard Hirose
12-pin connector is used for
video output, I/O control
signals and 12-V DC power.
The video signal is also
available using a standard
BNC connector.

Pricing starts at $1295.

JAI America, Inc.
(949) 472-5900

Fax: (949) 472-5908
www.jai.com
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- PROTELIS

. ,.-'-‘.1

Develop and test cnmﬁlefe micro-controller designs without building a
physical prototype. PROTEUS VSM simulates the CPU and any
additional electronics used in your

designs. And itdoes soin real time.*

CPU models for 8051/8052, McE68hc11, PIC and Atmel
AVR series micro-controllers available now. More
CPU models under development. See website for
latest info.

Interactive device models include LCD displays,
R5232 terminal, universal keypad plus a range of
switches, buttons, pots, LEDs, ¥ segment displays and
much more.

Extensive debugging facilities including register and
memory contents, breakpoints and single step modes.
Source level debugging supported for selected
development tools.

Integrated ‘'make’ utility - compile and simulate with
one keyslroke.

Qver 4000 standard SPICE models included. Fully
compalible with manufacturers’ SPICE models.

DLL interfaces provided for application specific
models.

Based on SPICE3F5 mixed mode circuit simulator.
Integrates with PROTEUS PCB design to form a
complete electronics design system.

VSM integrates with LabCenter's Schematic Capture
tool IS1S, the Mixed Mode Circuit Simulator
PROSPICE and the PCB design tool ARES,

“Ef- FROTEUS VSM can ssmulate i 3051 clocked i 170H: on B J00MH: Pt 11

LabCenter products distributed in the USA, Canada and Mexico by R4 Systems Inc.

|abcenter

E Il e ct ronic s

Write, phone or fax for your free demo CD - or email info@rdsystems.com.
Tel: 905.898.0665, Fax: 905.898.0683 Web: www.labcenter-electronics.com.
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12-bit ADCs: Less than $2.40. Op Amps: Below 40¢. Digital Pots: Under $1.60
System Supervisors: About 39¢. Complete Design Solutions: Priceless.

Al Microchip, we understand the value of a complete oy | o [ [ v | w0 [ ow [ nowm | et | e |
solution. It's the performance you need. At the price you S| i | ke w | | g | ga | e |
demand. With the delivery and support you expect. That's P | e 1201 W | | | ma | e [
why we ve launched new Analog [Cs for today’s digital B | i || | Ve i | i |
designs, Featuring world-class 12-bit ADCs - stand-alone sercase | L1 | g | oo | ow [aresse] mivnn | G2 | P
or embedded in the popular 8-bit PICmicro™ MCU. Add i | e | mow | e | | oeas| e -
rail-to-rail Op Amps and more than a hundred System - e e e e e
Sllpi.‘r'l. 1507 Iu|‘|1i:!n-. - oW ]..':Jll' V¢ 2Ol Ong-siop '«-hﬂppll]g and VCEVTARE | Apesaw [2ivipgy] pm o | AR | ey i I”' fl o
pin-compatible solutions. Analog devices from Microchip. S| VT [ | | s v
Because the right solution is more than just the right price. o | = | 3| . e |48
Call or visit us today for cross reference information, N e W RE ' WP e U 0 PO U

I-BBB-MCU-MCHP =8 |888.628.6247

microchip.com
Explore the Universe of Embedded Control

\ MICROCHIP
In
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SINGLE-AXIS CONTROLLER

The ServoStar SC single-axis controller is a com-
plete drive amplifier with an integrat-
ed power supply and
fully programmable 1
1/2 axis positioner in
one compact package.
The controller is based
on the ServoStar CD
servo drive and is capa-
ble of operating the
Kollmorgen motor prod-
uct line.

The controller has
current ratings from 3 to
10 A with an integrated
power supply for 115- to
230-VAC operation.
Installation and setup are
simplified with the use of
Motiolink for Windows.
In addition to its compact
size and easy but powerful
programming interface, the

NOUVEAUIL#

unit features a built-in

Ethernet port, plug-in option
card capability for field bus
options such as DeviceNet and
PROFIBUS, and extensive digi-
tal and analog I/O on-board.

Kollmorgen

(800) 777-3786

Fax: (540) 73 1-0847
www.kolimorgen.com

iTrex

Better Inventory Management

o Part Master, BOMs, Purchase Orders, Work
Orders, Sales Orders, Receiving, Invoicing,
Stockroom, Address Book,
and Security Modules

¢ Integrated inventory and
manufacturing control =

o Affordable

o Multi-user

$95 UNIVERSAL
PROGRAMMER

Lowest cost, fastest,
easiest to use product
on the market! Does
FLASH, EE, NVRAM,
EPROM to 8m (27080).
Adapters for micros &
PLCC. Parallel port
version for notebooks.

Imeg S195 or dmep S295
Battery backed memory
Hi-speed parallel interface |
Windows/THOS software

EMULATOR

( X LOW COST BNt Trscr it o s o
0 connectors for easy debugging
E L D S LOGIC '_ S or reverse engineering drivers.
5 4 i TK H ¥
Visit .xelosproducts.com ANALYZER el 64K 24bit 5195, S12K 48hit $295
for a free DEMO WWW.STARNETIPEOPLEIMVS . \or oumime o
MVS Bow 850 MVS Syr limited warranly  epBEDDED CONTROLLERS
Or call us at (415)898-7902 Merr, MH 03054 A FREE WFM ANMD SUPPORT PRODUCTS
{508) 792 $507 Mon-Fr 10-6 EST
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splinters when he or she triggers the
EP C explosive play dough? Well, if you dis-
count the fact that it was done in
Appli e d P C S Hollywood, that little bit of C4 on the
bridge support is powerful stuff! A lit-
tle goes a long way, just as it does
with Arcom’s new SBC-386EX-S.
Fred Eady I really didn’t know how much
built-in compute and network power I
had here until I started reading about
the SBC-386EX-S SDK that arrived at
the Florida-room stoop. In addition to
the standard cadre of embedded PC
- - . peripherals, the SBC-386EX-S comes
J u St LI ke I n th e M OVI eS out of the box loaded with a custom-
fit RTOS and a sidekick TCP/IP
stack. And, it costs less than $200 in
Working with SBC-386EX-S OEM quantities.

Here’s how the SBC-386EX-S that
comes with the SDK is configured.
The processor is an Intel ‘386EX run-
ning at 25 MHz. Supporting the
'386EX is 2 MB of DRAM, 1 MB of
flash memory, and 512 KB of battery-
backed SRAM. The “S” denotes the
ou saw it in battery-backed SRAM variant of the
Circuit Cellar's SBC-386EX that comes with the SDK.

i i Nouveau PC section. Everyone knows that, to me,
Taklng a tlp from a It was touted as the most Ethernet is the heavyweight of net-
direct way to get an embedded prod- working, and I'm sure the designers of
reletable Source’ Fred uct to market with minimum cost the SBC-386EX-S have been tuned
deC|ded 1(0) gO behlnd and effort. Everything an embedded into my embedded articles, because
. PC could offer in a single, inexpen- the SBC-386EX-S includes onboard
the scenes to flnd out sive, highly integrated package was Ethernet in the form of Realtek’s
: y there, and then some. In effect, this RTL8019AS Ethernet engine. If the
If Arcom S SBC- was the working embedded engineer’s /8019 is not immediately familiar to
i single-board computer. At the time, it you, check out an earlier article I
386EX-S was gomg to seemed so simple and yet so power- wrote as part of my Rabbit series,
i ful, and it was cheap. I wanted to “The Wonderful World of TCP/IP”
be the box-office 2p- [ wan The Wonderful World o
. know more about it and I figured you (Circuit Cellar 125). The presence of
blockbuster that it would, too. So, here’s the skinny on  the RTL8019 makes the SBC-386EX-S
. . that unassuming workingman’s board  NE2000-compatible. The SBC-386EX-
|00k6d ||ke Wlth d you see in Photo 1, the Arcom SBC- S’s Ethernet support is configured for
o 386EX-S.
great supporting cast
HlGH EXPLOS'VE ] Application boot strap loader
of features and docu- YT -
L] , L g ‘% . .
mentatlon, there S Serl' EYer ?ee the ‘War E’ > User application thread
stories in movies 8 E
. = o ARCOM APls
ous star potential here. IRt gl 8
ground agent puts 2 £
what seems to be 3
just a little bit of =
plastic explosive on 'S
a bridge support? Serialports  10BaseT ~ Timers  Watchdog RTC
Did B Hardware platform
id you ever ques

tion why the whole
bridge goes up in Figure 1—This “stack” comes pre-loaded on the SBC-386EX-S.
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10BaseT operation, as the 0x00000 0xDC000  OXE0000 OXFFFFF debugger. The blasting
RJ-45 female jack implies. 128KB 1\ in thi t
TL ema le jack implies 550.KB DRAM 16-g§g§lgAM S Zag in this rf(;mo e

ree serial ports, two Page 0 ebugging effort is
implemented as integrated 16-KB SRAM Fla;ﬁ?;}';‘?nory supplied by hardware
16C450 UARTS and one Pt Page 1 from Zilog and Maxim
with a 16C550 UART, are sioks ) [16KBSRam| [ 12 ﬁ;ﬁ,ﬂory in the form of an SVIF
standard equipment on the 386ex cso 1 srAM ) e Page 2 board, which is

ol 128-KB . . .

SBC-386EX-S. Of course, - o Flash memory included with the
the serial ports support Uos . f:gf(g \ 1MB SDK. The SVIF board
RS-232/422/485. (T A FIasFI: 0y Flashmemory | in Photo 2 is based on

To round out the sys- Page 31 s Zilog’s Z85C30 CMOS
tem, Dallas Semiconduc- —— FIaSQaQ:?ory serial communication
tor was kind enough to 128-KB controller. Basically,
provide an RTC in its Figure 2—This i the Z85C30 provides a
onboard DS1302 RTC IC. couldn't happen with- 128-KB UART interface with

i Flash memory .

And to keep the SBC- Z#tthe chip select Page 7 interrupts to the SBC-
386EX-S personal, a Dallas ' _*7J 386EX-S. Maxim pro-
Semiconductor unique ID vides the RS-232 con-

tag is also riding on the SBC-386EX-S
fiberglass. There are plenty of other
toys on the SBC-386EX-S, including
Arcom’s SVIF source view interface
software debugging port, a user-con-
trolled LED, and three integrated
timers. If animals are your thing,
there’s a (watch) dog in the yard too,
and he can bite you at -20°C.

That’s a quick rundown of what the
SBC-386EX-S is made of. The explo-
sive materials that make up the SBC-
386EX-S are shown in Photo 1. The
hardware collection is impressive, but
the real power of the SBC-386EX-S
lies in its software and firmware sup-
port package.

C40NCD

US Software’s SuperTask! RTOS
was adapted to run on the SBC-
386EX-S supported by the Arcom soft-
ware library. A complete set of soft-
ware drivers for all of the hardware
components is included with the SDK
(see Figure 1). Translation: You don't
have to write your own drivers! A
full-function, interrupt-driven, serial
communications library is there to
back up the three serial ports. The
Dallas RTC has its own library of rou-
tines, and Treck provides the TCP/IP
stack for use by the Ethernet hard-
ware module. There’s no guesswork
when it comes to using the Treck
TCP/IP stack because it’s fully inte-
grated into the SuperTask! RTOS. You
name it, the Treck stack does it,
including PPP, SLIP, ARP, Proxy ARP,
IP, ICMP, UDP, and, of course, TCP. If

www.circuitcellar.com

some of these terms are foreign to
you, an Acrobat PDF file describing
them all along with the theory and
operation of the Treck TCP/IP stack
is included in the manual area of the
SDK CD-ROM. I also visited the
Treck web site and found a complete
PDF user manual for the Treck low-
level and application-level Internet
protocols. Try saying that 10 times
fast. Networking is covered as far as
the SBC-386EX-S is concerned.

The SBC-386EX-S Flash File System
is treated just like any other file sys-
tem component. Using the Flash File
System component in conjunction
with the Arcom boot loader allows
the Flash File System to be heavily
involved with managing the flow of
executable code, configuration files,
and application data storage within
the SBC-386EX-S’s hardware, soft-
ware, and firmware hierarchy.

Going back to our Hollywood war
movie, the secret agent who attached
the explosive to the bridge had to det-
onate the lethal package from a
remote location

version in the form of a pair of omni-
present MAX232 ICs. This hardware
and firmware SVIF arrangement
allows the final debug session to be
the final production session as well.
Debugging the SBC-386EX-S is a non-
intrusive process. After debugging is
complete, the SVIF board can be dis-
connected and everything flows just
as it did when the debugger board was
connected. The compiler make files
that are part of the development envi-
ronment create files that are compati-
ble with the Paradigm Remote
Debugger package.

Speaking of compilers, the SBC-
386EX-S SDK is supported by compil-
er tools from Borland and Datalight.
The SBC-386EX-S development sys-
tem includes a complete Borland 5.02
C compiler with the TASM x86
assembler and TLINK linker. Hooking
up the Borland compiler and the
Paradigm debugger qualifies the soft-
ware development side of the SBC-
386EX-S SDK as flight-tested.
Paradigm’s Link/Locate is also in the

or be blown to

bits along with 0x00000 0xDC000  OXEO000  oxFCO00
the bridge. The 16:KB | Paradiq | '\M.ini_
same holds true [————— 880-KB Application/data——»| SRAM | Remote N
for the SBC window | Debug
or the -
386EX-S, but in
. 1-MB 16-bit
a different con- Logical mapping 126:K8 Fiash memory
age
text. The SBC- ' Pase 5
386EX-S can be 896-kB | | Page 5 3
remotely Figure 3;The idea here is f afl(ovul/ you F,'fi‘lzh , —
debugged using tS(; ﬁuser e debug code in the fina System :ﬁ
a Paradigm
CIRCUIT CELLAR® Issue 129 April 2001 61



0x00000

0xDC000 OxE0000

S hardware, soft-
0XFC000

recover if the executable cannot be File
located in the flash memory. System

ware, or
Yl . .
16kB | \M'I " firmware, it’s on
«——— 880-KB Application/data———» SRAM o2 b
°P window | loader Monitor CD-ROM.
1-MB 16-bit MORE NITRO
Logical mapping 128-KB Flash memory Ly
Page 7 Shifting from
Figure 4—In this scenario, the boot 896.KB . WWII movies to
loader is smart enough to allow you to Flash —. Hollywood west-

| Pagei | CIDS, yousce lots
Paweo U] of explosive
N~ N

“experts” wearing

mix, seamlessly integrated into the
inner workings of the SDK.
Translation: You don’t have to worry
about it. The Borland C compiler and
the Datalight Software Development
Kit are contained on the Datalight
CD-ROM that comes with the SDK.

The Paradigm Remote Debugger
allows you to examine and debug
code that is running on the remote
SBC-386EX-S, just as if it were run-
ning native on the debugging plat-
form. Source code can be viewed as
either assembler or C source. The
SVIF debug module not only provides
a window into the '386EX, it has a
finger on the NMI interrupt as well.
This means that breakpoints can be
set anywhere, including within the
interrupt routines themselves.

What gives the Paradigm debugger
these attributes? A remote serial
debug application running on the
SBC-386EX-S is talking to a host
debugging application running on the
host PC. The SBC-386EX-S part of
this equation is loaded and ready to
roll in the flash memory. Installation
of the Paradigm toolset on the host
PC enables your view of the debug-
ging process. The SVIF puts the Zilog
and Maxim hardware to work, provid-
ing a 115-Kbps pipe between the SBC-
386EX-S and the host PC.

Don’t plan on keeping a machine
with an active web browser handy
while you're working with the SBC-
386EX-S SDK, because everything
from operation manuals to IC
datasheets is included with the SDK
CD-ROM. The main idea behind the
SBC-386EX-S and companion SDK is
to get your project up and running
with minimal time and effort. If it has
something to do with the SBC-386EX-
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spurs and careful-
ly handling clear vials of nitro. Better
yet, in the heat of a fierce gun battle,
the good guys shoot into a wagon full
of dynamite. You know the outcome
of each scenario.

Well, my little bundle of dynamite
consists of two more CDs that are
included with the SDK. One of the
CD-ROM:s is the Borland 5.02 C com-
piler and Datalight tools. The other
CD loads the Paradigm Remote
Debugger. After careful reading, I got
the serial numbers to match with the
correct products, and Borland 5.02 and
the Paradigm debugger became resi-
dents in the data hotel.

Now that all of your software and
firmware explosives are in place, it’s
time to run the wires and push the
plunger on the detonator. During the
Paradigm install process, I told the
debugger to use COM1. COMI con-
nects directly to the SVIF on the
MAX232 side at 19,200 bps. The
Zilog Z85C30 uses a 20-strand ribbon
cable to pass the serial data to the PL1
port on the SBC-386EX-S. Of course, a
suitable power brick is included with
the SDK and, upon proper connection
of all of the ribbon cables and power
sources, Photo 3 results. Boom!

THE LOGICAL SBC-386EX-S

The hardware works and the soft-
ware seems to be installed correctly
at this point. The SBC-386EX-S is
memory-rich and, because memory is
a major factor in an embedded system
that doesn’t rely on external physical
storage, let’s take a closer look at how
the SBC-386EX-S uses its stash of
memory cells.

The SBC-386EX-S can support both
Real and Protected modes of opera-
tion. The software suite on the SBC-

CIRCUIT CELLAR®

386EX-S is tuned for Real mode opera-
tion. Every piece of code that comes
with the SDK was built using a large
memory model for x86 CPUs running
in 16-bit mode. A logical Real mode
memory map of the SBC-386EX-S is
depicted in Figure 2. The memory is
physically different and the chip
select unit (CSU) on the CPU allows
physical memory to appear at differ-
ing logical addresses in Real mode. In
this mode of operation, when using
the large memory model, the top of
memory is 1 MB, or OxFFFFE.

When the SBC-386EX-S powers up,
the CPU jumps to code that is resid-
ing in the flash memory area at physi-
cal address OxFFFFQ. Referencing
Figure 2 again, the UCS line is the
only active select line at this point in
time. The Arcom Mini-Monitor code
you see in Photo 3 resides at this vec-
tor. In addition to displaying the ban-
ner, the Mini-Monitor initializes the
rest of the system. In the initializa-
tion process, the CSU on the SBC-
386EX-S CPU is programmed to give
CS2 an operational address of
0xDCO000 to 0xE0000, which estab-
lishes a 16-KB SRAM page area. The
UCS line is reprogrammed to provide
coverage of the memory area between
0xE0000 and the top of the memory
area at OxFFFFFE. This provides a 128-
KB chuck for flash memory access.
The UCS and CS2 signals have a
higher priority than the CSO signal.

So, all that’s left to do is define the
DRAM using CSO0. In the case of the
SBC-386EX-S, the DRAM is logically
everything that is not used by the
flash memory and SRAM. Therefore,
that leaves the area from 0x00000 to
0xDBFFF, or 880 KB.

The pages of SRAM and flash mem-
ory are enabled using a bank control
register. SRAM is cut up into 32 pages
of 16 KB, and flash memory is
chopped into eight pages of 128 KB.
The Arcom Flash File System handles
paging the flash memory area if you
choose to use it, and Arcom supplies
APIs to get at both the SRAM and
flash memory areas if you decide to
go your own way. The SRAM is
always available, as it does not
depend on the Flash File System for
operation. That pretty much covers

www.circuitcellar.com



all of the necessary words behind
the concept of the cool graphic
shown in Figure 2.

BLOWING UP BUGS

Because I'm on this blow-it-to-
bits kick, remember the movies
that used black powder poured
from a barrel on the ground as a
fuse? Or better yet, think back to
those scenes where the bad guy
foolishly strikes a match in the
powder room to see where he is
and has to hit the deck. Such

scenes came to mind when I
began this article, because now all
of those explosive SBC-386EX-S com-
ponents I've been describing (software
APIs, the Borland C compiler,
Datalight toolset, SVIF, and the SBC-
386EX-S itself] are coming together
and you can see what’s in the “bar-
rel.” You shouldn’t be striking match-
es in the dark, so let’s take a look at
what the SBC-386EX-S does after the
Mini-Monitor checks a shorting link
on the SBC-386EX-S board.

That link is marked “MM.” If this
link is missing, the Mini-Monitor
jumps to location 0xE0000, which is a
flash memory location. If this is a
debugging session, the Paradigm
debug will be waiting at the 0xE0000
location. The Paradigm Remote
Debugger will then prompt bits on
the SVIF to initialize the Z85C30’s
UART and, thus, establish a debug
communications session between the
Paradigm host debugger session and
its counterpart code running on the
SBC-386EX-S. When the debugging
session is complete and you wish to
place the final code in flash memory,
the Arcom Bootloader program takes
its position at location 0xE0000,

Photo 1—This has a lot of bang for your buck.

replacing the Paradigm debug code.
Figure 3 shows what the debug mem-
ory configuration looks like before the
boot loader code is introduced. If all
goes well in the debugging phase, you
can FTP the debugged .exe file into
the Flash File System while still in
Debug mode.

Referencing Figure 4, the only dif-
ference you see is the boot loader
code where the Paradigm code used to
be. There’s a bit more that goes along
with the boot loader residing in this
position of memory.

Again, at powerup the SBC-386EX-S
checks the “MM” link. If the link is
missing, the Mini-Monitor again
jumps to location 0xE0000. This time
the boot loader code is given the go-
ahead for execution. The boot loader
initializes the Flash File System and
then begins a search for a file with an
.exe extension. This .exe extension
file should be the same file that was
debugged and FTPed to the Flash File
System earlier.

The first encounter with a file with
that extension alerts the boot loader
to load the .exe file into DRAM at
location 0x01000
and jump there to

allow the .exe
file to execute. If
a valid .exe file is
not found, the
boot loader opens
a serial interface
so the flash
memory can be
repaired or anoth-
er .exe file can be

www.circuitcellar.com
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SetPaths.bat file and set up
the DOS memory environ-
ment variables.

The first step is to create a
standard MSDOS shortcut

e 174 110 TRIEEN T L

and place it on the desktop.

GET READY TO LIGHT THE FUSE
There’s only one more step remain-
ing to get the SBC-386EX-S online and
ready to develop and debug a project:
set up the environment. In an effort
to leave no stones unturned, Arcom
has provided a batch file for that pur-
pose, SetPaths.bat. Because this
whole SDK is running under Win98,
DOS is and it isn't as far as environ-
ment is concerned. Every time the
DOS window is closed, out go the
environment settings for that win-
dow. So, to be sure that the directory
environment is set up correctly each
time you start the SDK suite, you'll
use a shortcut configured to run the

VERSATILE KEYPAD

READS UP TO 20 KEYS
(4X5 MATRIX)

PROGRAMMABLE Rows
& COLUMNS

PROGRAMMABLE KEY VALUES

PC/AT OR SERIAL OUTPUT

We'll call it SBC386. Next,
open the properties window of
SBC386 and choose the Program tab.
You need only establish the working
directory and the
batch file to exe-
cute, as shown in
Photo 4. Because
DOS is involved,
memory manage-
ment comes into

tional memory environment alloca-
tion and make sure HMA is checked.
This all may be trivial, but if it isn’t
done correctly, nothing will work. I
can'’t tell you the hours I've wasted
because I missed what seemed to be
an insignificant step in the process.
Ultimately, you want to see the DOS
window portion of Photo 4 when you
click on the shortcut.

What you have now is a totally
complete embedded development
environment. There is still quite a bit
I want to show you about the SBC-

play. Selecting the b | Frpan| o S | ke | Sl e k| i Wl W
Memory tab, max Iy R — e~
out the conven- I i AL ~E i

i [ o) samay g

= =
Photo 4—Sometimes it's B 1| ey I
the purely simple things that — | - - 5
matter. i c

INTERFACE

AUTOMATIC OR POLLED KEY REPORTING

PROGRAMMABLE DEBOUNCE & TYPEMATIC TIMES

Em.uTmuﬁ@ﬂED
(530) B9 | -B045 PHOKE

WWW.SOLUTIONS-CUBED.COM

64 BYTES OF USER ACCESSIBLE EEPROM
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386EX-S. I've covered the basics in
this installment, and next time I'll

Fax: (408) 586-5306
www.arcomcontrols.com

RTL8019AS
Realtek Semiconductors Corp.

show you the inner workings of the
Paradigm Remote Debugger SVIF
combination. In addition, I will whip
up some Borland C statements and
make the SBC-386EX-S perform some

5.02 C compiler

(831) 431-1000

Borland Software Corp.

www.inprise.com

886-3-578-0211
Fax: 886-3-577-6047
www.realtek.com

TCP/IP stack

internetworking. DS1302 RTC IC
As you can see, the engineers at

Arcom have gone to great lengths to

provide a ready-to-roll embedded

development environment. I guess

(972) 371-4000

Dallas Semiconductor Corp.

Fax: (972) 371-3715
www.dalsemi.com

Treck, Inc.

(800) 340-6648
Fax: (513) 688-0993
www.treck.com

SuperTask! RTOS

they feel as I do, that it doesn’t have

to be complicated to be embedded. [&] 386EX

Intel Corp.

(408) 765-8080
Fred Eady has more than 20 years of

experience as a systems engineer. He

www.intel.com

Fax: (408) 765-9904

United States Software Corp.
(503) 844-6614

Fax: (503) 844-6480
WWW.USSW.Com

[Z85C30 CMOS

has worked with computers and com-

munication systems large and small,
simple and complex. His forte is
embedded-systems design and com-
munications. Fred may be reached at
fred@edtp.com.

Datalight Inc.
(425) 951-8086

Software Development Kit

Fax: (425) 951-8095
ww.dataliecht com

Zilog, Inc.

(408) 558-8500
Fax: (408) 558-8300
www.zilog.com

SVIF board
SOURCES
SBC-386EX-S board
Arcom Control Systems
(408) 586-5300

(408) 737-7600

Maxim Integrated Products

Fax: (408) 737-7194
www.maxim-ic.com

Paradigm C++ Debugger Interface
Paradigm Systems
www.devtools.com/pcpp/debugger.
htm.

Measure, Analyze, and

Control using Ethernet

Connect a controffer card, printer, weighing scale,
or any device with a serial port fo the Efhernef.
The MSS-C is a universal thin server with TCFAP
profocol sfack and Ethernet inferface. Use the
MSS-C for industrial control, monitoring, lighting,
heating/Wentilation systems, and process

reporting.
Controller Specifications:
Encoder/counter input
RS-232/485 poris
Digital I/O

Real time clock <4
12 bit analog I/O
1MB memory
Display and keypad poris
Program in C or Basic

ANEW?

Visit our website at:

www.rp3.com
Remote Processing Corporation

800.642.9971 Fax 303.690.1875
Denver, Colorado, USA 303.690.1588

www.circuitcellar.com

LCogicElex:

* Preinstalled DOS & Web Server

* Socket to accept M-Systems DiskOnChip
* 386EX, 25MHz, 512K Flash, 512K RAM

* 10Base-T Ethernet

* In-Circuit-Programmable Xilinx CPLD

* TCP/IP & Flash File System

* Dimensions 4.2" x 3.6"

» 46 Digital /0 Lines

* 5V DC Power

* Clock/Calender

* RS232, RS485

* Peripherals available

Price starting at
$229 qty 100
Dev Kits available

See us at the SF ESC 2001 Booth 2731
Call 5630-297-6073 Fax 530-297-6074
www.jkmicro.com/logicflex

JK microsystems
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ABOVE THE

GROUND
PLANE

Ed Nisley

Have You Seen the

Light?

ecumbent bicy-
cle riders divide
neatly into two groups
when the subject of
blinking taillights comes up. Some
folks say that bents are so conspicu-
ous that lights add nothing, and oth-
ers contend that every little bit helps.
Although I've ridden a non-blinking
bent for six years with only a few
close encounters of the fender kind,
I've decided now it’s time to see how
the other fraction lives.

Now, if you're going to have a
blinking light, you want a blinking
light that’s really bright. Years ago,
my daily commuter bike sported a
red-filtered xenon strobe powered by
three 90-V batteries. I should have
used a DC/DC converter

Anyone who spends a
good amount of time
on a bicycle knows
that keeping yourself
visible is an important
part of keeping you
(and your bicycle) in

one piece. This
month, Ed takes a
look at high-intensity

larly when equipped with directional
lenses. Even better, those highway
message boards sporting red, green,
and yellow LEDs are now so common
that you can find their component
LED clusters at many surplus sources.

Photo 1 shows the 52-mm Sharp
LT6750 LED cluster lamp I picked.
The case has a hood over the top half
that enhances contrast and an O-ring
seal on the back to keep water out.
Figure 1 details the internal connec-
tions: 14 red LEDs in two parallel
strings and 27 green LEDs in three
parallel strings.

At 40 mA, the red string drops 14 V
and produces 5.6 cd. The green string
draws 80 mA at 20.5 V and shines at
5.3 cd. Asymmetric lenses produce a
70° beamwidth in the horizontal
plane and about half that vertically.

The LT6750 is dazzling when you’re
in the same room and nearly blinding
at the bench. Mounted on a bike, it
will serve as a fine marker lamp.

However, there’s an obvious mis-
match between those LED forward
voltages and the output levels of com-
mon batteries. Although I could wire
two 12-V batteries in series, this
seemed like a perfect opportunity for
a DC/DC converter. What used to be
a rather touchy design problem for my
old bike transmutes into a single chip
with a few external components, all
of which appear on the circuit board
in the left of Photo 1.

The main component, a MAX629
boost converter, is the small-outline,
8-pin DIP near the top. Three LM317
linear regulators in TO-92 plastic
cases set the supply voltage and LED
currents. The board is shaped like a
boot heel for a good reason: it mounts

instead of batteries, but
relaxation oscillators are
dead simple, and I was
less experienced.

But, that was then.
This is now.

AND THEN THERE

WAS...
High-intensity LEDs

have become bright

LEDs and how to con-
struct a simple blink-
ing safety device.

Photo 1—A MAX629 DC/DC converter powers the LT6750 LED array
from a 12-V battery. Three LM317 linear regulators set voltage and cur-
rent levels. A signal generator supplies pulses to this prototype unit.

enough to be easily visi-
ble in daylight, particu-
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Red LEDs

current flow from C2, so

the capacitor maintains

its charge and voltage.
The current through

L1 builds up from zero
with a time constant
determined by the para-
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Green LEDS

sitic resistance of the
inductor plus the inter-
nal resistance behind the

Figure 1—The Sharp LT6750 LED cluster uses series and parallel diode
connections to improve reliability and reduce drive current. Unfortunately,
that makes the terminal voltages higher than common batteries.

directly behind the LED cluster in a
machined housing, with the flat edge
clamped to the bike frame.

But, as is usually the case with ana-
log circuitry, it seems you need a
handful of parts to get anything done,
so let’s see what all those parts do.

SLAM-BANG SWITCHING

Quick survey: Raise your hand if
you've ever fried a transistor relay
driver before you found out about
resistor capacitor snubbers and clamp
diodes. Hah! Thought so. And ever
since then, you've regarded inductive
kick as a really bad thing, right?

Boost mode DC/DC converters har-
ness inductive current to a good
cause. The MAX629 stores energy as
current in an inductor, then routes
that current into a capacitor to create
a higher voltage. It’s the same princi-
ple as the relay coil frying your tran-
sistor but done deliberately.

The key components in Figure 2 are
L1, a 47-pH inductor (the small black
circle at the top of the circuit board in
Photo 1); C2, a 10-pF tantalum capaci-
tor; and D2, a Schottky diode.

The circuitry behind the MAX629’s
LX pin includes a high-

LX pin. According to the
datasheets, the total
resistance is about 1.5 Q,
giving an L/R time constant of 30 us.

The MAX629 monitors the LX cur-
rent and shuts off the FET at 500 mA
(or 250 mA, depending on the ISET
input pin). Figure 3 shows the voltage
at LX, which starts at 12 V, drops to
zero (actually, about 200 mV) when
the FET goes on, then rises to 24 V
when it turns off.

Where did the 24 V come from?
You'll recall that the current through
an inductor cannot change instanta-
neously. When the FET turns off, no
current flows into LX and the diode is
still reverse biased. That’s the point
when your relay driver transistor fried
itself, but things are different here.

The voltage at LX rises rapidly,
until D2 becomes forward biased and
routes that half amp to C2. The
inductor current then drops as the
voltage on C2 rises. Over the course
of several hundred cycles, the
MAX629 pumps the initial 12 V on
C2 up to 24 V, which is why we call
the MAX629 a “boost converter.”

The upper trace in Figure 3 shows
the voltage across C2, AC-coupled at
200 mV per division. When the LED
turns on at the second division from

the left, the output voltage on C2
ramps down as the MAX629 is charg-
ing the inductor. The sudden 340-mV
jump occurs as the inductor stuffs
half an amp into the capacitor.

Perhaps this is the first time you’ve
seen equivalent series resistance (ESR)
in action. Only 0.7 Q of ESR in C2
will account for that bump. This is
why boost converters don’t often
power sensitive analog circuitry, at
least not without a post regulator to
smooth things out.

The combined effects of declining
inductor current and LED load reduce
the voltage on C2. The MAX629
begins another cycle when the voltage
falls below the minimum setpoint.
The cycle repeats at about 330 kHz.

Because the L/R time constant for
L1 is greater than the cycle time, the
inductor current rises predictably. It
also falls predictably as the capacitor
absorbs the charge.

I picked 24 V because it was high
enough to run the LEDs with just
enough headroom for current regula-
tion. The MAX629 is a mature device
and you’ll find similar products from
many vendors. One of them will pro-
duce the voltage you need, although
some require an external switching
FET to deliver higher power.

OK, pop quiz time. What happens
when (not if) you accidentally short
the positive terminal of C2 to the
ground plane around it? Answer: Poof!
L1 emits magic smoke!

That 30-us L/R time constant may
be large with respect to normal opera-
tion, but it’s small compared to
human reaction times. The current
through L1 rises past the inductor’s

current, open-drain
FET with a current
monitor in the source.

With that transistor off,
C2 charges quickly
through D2, and with
the voltages equalized
to about 12 V from the
battery, the current
through L1 drops to
zero. When the transis-

tor turns on, the LX
pin sinks current
from L1. D2 prevents

www.circuitcellar.com
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Figure 2—As is typically the case with analog circuitry, you need a remarkable number of parts to get anything done. The LED cluster con-
nects to JP1, and timing controls enter through JP2. Good PCB layout can minimize RFI caused by the abrupt, high-current pulses gener-
ated by the MAX629.
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Sn0l33 STOP mum LED VOlt-

age of 20.5 V.
The resistor
sees 3.5V, so
80 mA means
44 Q.

The reason
your resistors
worked so well
is that the LED
forward drop is

I
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usually much

Figure 3—The AC-coupled top trace shows the output voltage across C2 and the bot-
tom trace shows the voltage at the MAX629 LX pin. When the LEDs turn on at the trig-
ger point, two divisions from the left, the output current jumps from 0 to 150 mA.

500-mA maximum rating toward the
12-V/0.6-Q DC limit. However, the
AWG 37 wire in the inductor burns
out long before the current stabilizes
at 20 A. Consider yourself warned.

CURRENT DRIVE

LEDs are, first and foremost, diodes,
with their exponential current-versus-
voltage characteristic. In general, you
must regulate the current through an
LED and let the LED set its terminal
voltage. Imposing a constant terminal
voltage) is a recipe for disaster.

As you see in Figure 1, the LT6750
connects the anode ends of the diode
strings to a common (as in shared, not
ground) terminal that connects to a
positive supply voltage. The green
LED strings require about 20 V to
turn on and the red LED threshold is
13 V. You must supply enough voltage
to not only turn on the LEDs, but also
account for drops across the switches
and current limiters. Because the two
LED strings have different current rat-
ings, you must use two limiters, not
one in the common lead.

You probably used resistors to set
LED currents in your circuits.
Subtract the LED forward drop from
the supply voltage, divide by the
desired LED current, and you get the
limiting resistor in ohms.

The LT6750 spec sheet shows typi-
cal and maximum voltages for each
string. Those voltages differ by 1.5V,
and the datasheet mentions neither
the minimum LED voltage nor its
temperature coefficient. Suppose you
pick 80 mA for the green LEDs with a
24-V supply voltage and the maxi-
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lower than the
supply voltage,
making typical
variations small
compared with the nominal voltage
across the resistor. In this case, I
don’t want to produce 40 V just to
drop half of it across a resistor!

The solution requires a resistor
that adapts to changing voltage while
maintaining a constant current. The
familiar LM317 can serve as a current
limiter, although most folks don’t
think of it in that role. IC3 and IC4
in Figure 2 show how it’s done.

A single resistor sets the current
limit according to the formula:

1-12
R

So, to get 100 mA, you’d use a 12-Q
resistor. The LM317 regulates the
current within about 1% and protects
itself against output shorts.

The current-setting resistor, how-
ever, must carry the entire output
current across a voltage drop of 1.2 V.
At the 100 mA I chose for the green
LEDs, that amounts to 120 mW,
uncomfortably close to the 125-mW
rating for 0805 (0.08” x 0.05”) surface-
mount resistors.

I laid out the circuit board with
two parallel, 0.25-W, through-hole
resistors for each LM317. Carbon
film resistors have a higher power
limit, they’re easier to install and
replace, and you can hand-select two
cheap 5% resistors to precisely set
the current. I used one 12-Q resistor
to get 100 mA and a 24-Q resistor for
50 mA, with no trimming required.

The series resistor ahead of each
LM317 drops 1 or 2 V, reducing the
regulator’s dissipation. R16 is a small

CIRCUIT CELLAR®

resistor that’s handy for measuring
the total output current, but I
replaced it with a jumper after I saw
that the LM317 regulators work
exactly as expected.

You should maintain at least 3 V
across the LM317, however, to ensure
that it regulates correctly. The green
string runs under that limit; it seems
my LM317s have a lower drop. You
can use a low-dropout regulator if
your minimum supply voltage gets
closer to the maximum drive voltage.

With a MAX629 supplying voltage
and LM317s setting the current, all
that’s left is some on/off control to
make the LEDs blink. I used a pair of
NPN switches driven by an external
pulse generator to make things sim-
ple. The bias resistors hold them on
with no external input, just to make
for easy setup and testing.

Blinking those LEDs at 10 Hz with
a 30% duty cycle gets my attention. I
wonder how it works on the road.

RING THAT BELL!

The MAX629 datasheet recom-
mends single-point grounding for sev-
eral components and encourages good
circuit board layout. Figure 4 shows
you how important layout can be.

The square waves leading up to the
middle of Figure 4 show the MAX629
pulling LX to ground and letting the
inductor snap it back to 24 V. The
LEDs switch off at the middle divi-
sion, where L1 is still charging C2.
The MAX629 briefly yanks LX low,
then shuts it off again. Where does
the current flowing through L1 go
with D2 biased off and LX turned off?

Answer: You've just (re)discovered
the fact that analog schematics don’t
tell the complete story. Obviously,
current through L1 must flow through
either LX or D2. It has nowhere else
to go, right? Well, sorta kinda.

At RF frequencies, parasitic effects
become just as important as the com-
ponents you solder to the circuit
board. In this case, current flows
through several parasitic capacitors,
across the ground plane, and back to
the inductor.

The resonant frequency of an LC
(inductor-capacitor) tank circuit is, at
first approximation:
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Figure 4—The voltage
at LX rings like a bell
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when the load disap-
pears and the MAX629
shuts off the current. A
good ground layout
keeps the oscillating

'. current within the circuit
board, not broadcast
through space.

_ 1
" v/LC

With the circuit ringing at about
1.8 MHz and L = 47 uH, the capaci-
tance is 170 pF. But where’s the capac-
itor? For extra credit try to figure out
the effective Q of the LC circuit from
the waveform in Figure 4. Hint: Q is
the ratio of stored-to-dissipated energy
per cycle. Bonus: Find the circuit’s
effective series resistance and com-
pare it with L1’s rated DC resistance.

The largest parasitic capacitance
isn’t through the circuit board to the
ground plane. I measured 275 pF of
capacitance on a 16™ circuit board, so
the foil on that node is 1 or 2 pF. The
inductor’s parasitic capacitance isn’t
more than a few picofarads either.

The 1N5819 datasheet specifies a
reverse biased junction capacitance of
50 to 80 pF. The MAX629 datasheet
doesn’t specify the LX pin’s capaci-
tance, but discrete FETs rated at 1 A
run about 100 pFE.

There you have it. Most of the para-
sitic capacitance hides inside the
active devices. In a sense, the current
does flow through the LX pin and D2,
but not in the way you expect from
the schematic, which illustrates nor-
mal circuit operations. This is why
attention to proper grounding and
component layout are important; that
current must go somewhere. Use ugly
construction when appropriate, but
don’t let ease of construction out-
weigh good design.

Once again, you have been warned.

CONTACT RELEASE

Yes, the switching transistors cry
out for a little 8-pin microcontroller.
I'll leave that to your imagination.

www.circuitcellar.com

Longtime Circuit Cellar readers know
generating pulses is a simple matter
of firmware.

You can download the schematic
and board layout, both in EAGLE for-
mat, from the Circuit Cellar web site.
I used Press-n-Peel blue image trans-
fer film to mask the circuit board.

With any luck, just about the time
you are reading this, I will have dis-
covered whether being more conspic-
uous is a good or bad thing. See you
on the road! &l

Ed Nisley is an electrical engineer. In
addition, he is a ham radio hobbyist
(call sign KE4ZNU). You may reach
him at ed.nisley@ieee.org.

SOFTWARE

The schematic and board layout are
available on the Circuit Cellar web
site. The EAGLE and PCB layout
programs can be downloaded from
www.cadsoftusa.com or www.cad-
soft.de.

SOURCES

LT6750 LED lamp cluster
Sharp Microelectronics of the
Americas

(360) 834-2500

Fax: (360) 834-8903
www.sharpmeg.com

MAX629 boost converter
Maxim Integrated Products
(408) 737-7600

Fax: (408) 737-7194
WWwWWw.maxim-ic.com

Press-n-Peel blue resist masking
film

Techniks, Inc.
www.maxim-ic.com
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| Miniature DC Motor |

Mabuchi # FF-N20PN

Miniature 1.5 to 3 Volt DC motor. %
Ideal for modelsand radio control

applications where small size is important.

No load rating: 15,800 RPM @ 2.4 V, 96 mA.
Length (excluding shaft), 0.654” long x 0.47” x
0.39”. 0.039”(1mm) dia. x 0.13” long shaft.
Solder-loop terminals. Large quantity available.

CAT# DCM-166 [ 150 for 60¢ ea.
600 for 50¢ ea.
2 for 130

1500 pieces 35¢ ea.
Solar Panel

Output: approx.

3 Volts @ 40 mA.
2.40” square x 0.13”
thick epoxy-encapsulated
silicon photovoltaic panel removed from solar
lighting system. Solid, almost -unbreakable
module with easy-to-solder spots on backside.

Ideal for solar-powered battery
chargers and other projects. $ @
CAT # SPL-60 each

Nickel-Metal Hydride 4.8V
850 mAh Battery Pack

Philips # 25733.
New, recharge-
able pack
manufactured for
cell phones. Contains X
four 1.2 Volt, 850 mAh cells.
Each cell is 1.8” x 0.65” x 0.3".
With little effort you can remove the cells

from the enclosed battery pack and reconfigure
them to suit 00

your needs. - 10 for
CAT# NMH-53 each | $17.50
Halogen Display Lamp

MR16, bi-pin base halogen lamp.
12 Volt, 50 Watt flood lamp with
front glass cover. 1.97” dia. x 1.46”
deep. 0.2” (5mm) pin spacing.

CAT # HLP-50
4 "each

| 10 for $37.50 |

ORDER TOLL FREE

1-800-826-5432

SHOP OUR ONLINE STORE

www.allelectronics.com
CHARGE ORDERS to Visa, Mastercard,
American Express or Discover

TERMS: NO MINIMUM ORDER. Shipping and handling for the
48 continental U.S.A. $5.00 per order. All others including AK,
HI, PR or Canada must pay full shipping. All orders delivered
in CALIFORNIA must include local state sales tax. Quantities

Limited. NO COD. Prices subject

CALL, WR[TE to change without notice.
FAX or E-MAIL MAIL ORDERS TO:
PN -1l ALL ELECTRONICS
96 Page CORPORATION
CATALOG P.0. Box 567
RNl Van Nuys, CA 91408
slahcalishnial FAX (818)781-2653
allcorp@allcorp.com

e-mail
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FROM THE

BENCH

Jetf Bachiochi

See Through the FOG
Using Fixed-Point

Calculations

Fiber Optic Gyros

Yet
another
column
M from
=, Jeff that
» _. starts
with “I got this toy....

Read along this
month and you’ll see
(again) how simple
observations can
lead to a better
understanding of
technology.
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ost of you have
probably received a
toy gyroscope as a gift
at some point. [ can’t
guess how many times I've wound up
and pulled the string on one of those
things. Sometimes when pulled too
hard, the heavy wheel would dislodge
from its bearing pins, hop out of the
frame, land on the floor, and continue
to spin for what seemed like forever.
This misuse encouraged me to experi-
ment with other toys such as tops and
yo-yos. All of these use a rotating
mass to sustain often illogical posi-
tions. Little did I realize at that time
that there was a practical use for the
gyroscopic effect.

The balanced rotating mass resists
movement of the axis on which it
spins. It seems that any attempt to
tilt the mass’ axis applies a force to
the mass, which is counteracted by an
(almost) equal and opposite force
when the mass is rotated 180°. There

is a tendency for the mass to transfer
the tilting force to a vector, 90° to the
original force (and the axis of rota-
tion). This force can be counteracted
by gimbaling the gyro (allowing a sec-
ond axis of rotation) around the origi-
nal vector. So, a single rotating gyro
will attempt to prevent motion in two
(2-D x, y) of the three possible dimen-
sions (3-D ¥, y, z), with the z dimen-
sion being the axis of rotation.

To create a platform that attempts
to prevent rotation in all three dimen-
sions, a second gyro can be added at
right angles to the first. Now move-
ment in all three dimensions is coun-
teracted. In this configuration, a force
in one of the dimensions is actually
resisted by both gyros. By isolating
the platform with at least three sets
of gimbals, the inner gyro platform
will remain stationary, independent of
the motion of the outer gimbaled ring.
This part is usually attached to the
ship, plane, missile, or other vehicle
that is in need of position reference.
Note that the position is relative to
the gyro platform and not an absolute
position (i.e., GPS).

Today mechanical spinning gyro-
scopes are being replaced by two new
classes of technology, optical and sili-
con etched. Although advances in
micro machining have come a long
way, optical gyroscopes are more reli-
able and less expensive than their
mechanical counterparts. KVH
Industries uses optical techniques
(optical fiber) to measure angular
movement. This is done by splitting a
polarized and modulated laser beam
such that the two beams travel
through a coil of fiber optic cable in
opposite directions. When the beams
have completed their journeys, they
recombine to produce an interference
pattern. Because both travel the same
distance, they cancel exactly. But, if
the coil is rotated in one direction,
one of the beams will have to travel a

Value  Meaning in bits

Meaning in degrees

7FFF

32767 bits change counterclockwise

2.9981805° maximum in 100 ms

o 0001 1 bit changes counterclockwise 0.0000915°
Table 1—This is how 0000 No change No change
the rate value corre- FFFF 1 bit changes clockwise -0.0000915°
sponds to an angle in 8000 32768 bits change clockwise —2.998272° maximum in 100 ms
degrees.
CIRCUIT CELLAR® www.circuitcellar.com



Character number Character data

Where

1" X7 X6 X5 X4 X3 X2 X1

‘0’ B9 B8 B7 B6 B5 B4 B3
‘0’ B2 B1 B0 C7 C6 C5 C4
‘0°C3C2C1COT7T6 TS

~NOoO OB W=

8 ‘0’ R6 R5 R4 R3 R2 R1 RO

‘0’ X0 B15B14 B13 B12 B11 B10

‘0’ T4 T3T2T1 T0 R15 R14
‘0’ R13 R12 R11 R10 R9 R8 R7

X7-X0 is a byte of checksum data
B15-B0 is a word of built-in test data

C7-C0 is a byte of odometer data
T7-TO is a byte of temperature data
R15-R0 is a word of rate data

Table 2—This is KVH Gyro’s digital output format.

longer distance. So, the beams won't
cancel, and the output of the detector
will be proportional to the rotation
rate. The phase modulation allows
the direction of rotation to be distin-
guished. The KVH E-Core 2000 Fiber
Optic Gyro is available with either
analog or digital output.

NOT THE RESTAURANT

In the song “Alice’s Restaurant,”
Arlo Guthrie sings, “I didn’t come
here to tell you about Alice. I came to
talk about the draft.” In this case it’s
not the draft or gyroscopes, it’s num-
ber handling. To make use of this
gyro’s output, you need demanding
digit dexterity. This project requires
taking in the rate of change data from
the KVH Gyro, computing the posi-
tion in degrees, and displaying it on a
small LCD. I believed this project
could be done using microEngineering
Lab’s PicBasic. A visit to their web
site revealed an application note on
how to incorporate Microchip’s float-
ing-point routines into PicBasic. But
the more I thought about it, the more
I convinced myself that I wouldn’t
need floating point. Here are the facts.

The gyro’s digital output is a block
of eight characters at 9600 bps, 10
times per second. Nine-thousand six-
hundred bps is ~104 ps/bit, so eight
characters of 10 bits each will take
~8.3 ms. These blocks come every
100 ms, so that leaves ~90 ms to do
something with the blocks of data.

For now, let’s skip directly to part
of that data. One of the pieces of data
transmitted is a 16-bit word, which
indicates a change in position (rate)
since the last block of data 100 ms
before. Each bit of rate data is equal to
0.0000915°. The rate is a signed word
because the position can either be
clockwise or counterclockwise, as is
shown in Table 1.

www.circuitcellar.com

If this rate is converted to degrees
and the maximum number is 360 (or
359.99), youw’ll need to total an integer
of 360 with a resolution of 0.0000915.
If you multiply everything by
10,000,000, you can rid yourself of the
decimal. This shifts the maximum
integer to 3,599,999,999 (D693 A3FF),
requiring a double word, or 32 bits, of
storage for this accumulation. To dis-
play the degrees on an LCD, divide
this number by 100,000 to a maxi-
mum of 35,999. This fits into a single
word and can be easily formatted by
outputting a decimal point before the
last two characters (i.e., 359.99°).

The evaluation of the numbers
involved in an application is essential
for choosing a programming direction.
A quick look at floating point shows
that the mantissa’s 32 bits (resolution
portion of the number) of a single pre-
cision floating-point number has a
maximum of 2,147,483,647. Your
maximum number won't fit into one
floating-point number and retain all
the precision you need, so it’s neces-
sary to use double precision for stor-
ing this value. My gut feeling is that
the conversion to floating point isn’t
worth the execution speed penalty for
that level of number crunching. So,
here’s how I attacked the application.

BLOCK CONVERSION

The KVH Gyro outputs eight char-
acters of data in a block (see Table 2).
Notice that the first byte always has
the MSB set, and the remaining bytes
have their MSB cleared. This allows
you to identify the beginning of the
block. You may choose to grab just
the data bytes that

data has been received, there is 90 ms
to finish the rest of the work before
the next data is available. All of this
code runs in line (i.e., no interrupt or
background routines are necessary).
Converting the raw data into vari-
able data is straightforward, with a
few exceptions. Temperature data
must be built from receiving two con-
secutive blocks (see Tables 3 and 4).
The built-in test data also requires
multiple blocks. Because none of that
data is used for this application, I'll
spare you some of the boring stuff. A
checksum byte is part of every block’s
data. This byte, as with most check-
sums, allows all the derived data
bytes of a block to be added to modu-
lo-256 to determine if there has been
an error in transmission. You can log
this fact, however, there isn’t any-
thing you can do to get it resent.

RATE ADJUSTMENT

The raw data block has now been
converted to individual data variables,
and the rate data must be adjusted
before it is summed. The rate must be
multiplied by the angle/bit constant
915 (915/10 billionths of a °/bit).
Because the rate is a signed number
and the math routines in PicBasic are
unsigned integers only, you need to do
more work with the negative num-
bers than with the positive numbers.

Let’s look at the number factors
first. Both the multiplicand (rate), and
multiplier (angle/bit) are words, so the
product can be a double word.
PicBasic can do 16-bit multiplication
and present the result in two 16-bit
words. When the gyro is rotated near
its maximum allowable rotational
rate of ~30°/s, the product can be
large. The application design must
take into account the largest possible
numbers for the application to work
correctly under extreme conditions.

A positive rate will have a value
<8000h. Positive values go directly
through the multiplication process.
Negative values must be changed into

hold the informa-

Temperature data format

Where

tion you are inter-
ested in. It’s just as
easy to grab them

1’ CT6 CT5 CT4 CT3 CT2 CT1 CTO
‘0°‘0"'0’ CT11 CT10 CT9 CT8 CT7

CT11-CTO is a 12-bit signed
value of Celsius temperature

all. When all the

CIRCUIT CELLAR®

Table 3—The Celsius temperature value is sent via two consecutive blocks.
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to adjust the total so
that if it attempts to
exceed 3,599,999,999,
it will be adjusted
(rolled over) to zero.
And, the total must
be adjusted if it falls
below zero.

So, the first part of

Photo 1—The 2 x 16 character LCD displays 000.0-359.9° relative rotation of
the Fiber Optic Gyro with optional temperature output on the second line.

their absolute values, multiplied, and
then changed back into the negative
equivalent. This is done using 2’s
complement method:

Rate = (Rate XOR FFFFh) + 1

After the multiplication, the reverse
is done to make the product negative:

Lowwordofproduct =
Lowwordofproduct + 1
Highwordofproduct =
Highwordofproduct + C (if any)
Lowwordofproduct =
Lowwordofproduct XOR FFFFh
Highwordofproduct =
Highwordofproduct XOR FFFFh

At the maximum turning rate, the
Highwordofproduct Lowwordofprod-
uct double word actually can
approach +30 million/10 millionths of
a degree or be as little as zero if the
gyro is stationary. This input has a
large dynamic range.

SUM RATE

A running total of the
adjusted rates indicates where
the gyro is in relation to its
beginning position. The total
continuously changes as a
result of continuous 100-ms
updates via the adjusted rate.
Again, the adjusted rate is a
double word. The total can
also be a double word. How is
this possible, because the total
can be increased by 30,000,000
every 100 ms? Indeed, if the
maximum rotation continues
for over 14 s, the double-word
total will overflow. But, at the
maximum rate, the gyro
rotates 360° in 12 s. You need

72 lssue 129 April 2001

this routine adds the
adjusted rate to the
total. At this point,
the adjusted rate is checked for a posi-
tive or negative value. The routine’s
execution branches are based on the
adjusted rate’s sign test. If the adjust-
ed rate is negative, you look for an
underflow condition of the total,
where the total is >3,599,999,999. If
this is the case, the total is reduced by
694,967,296 (the difference between
FFFFFFFFh and 3,599,999,999).

If the adjusted rate is positive, then
you look for an overflow condition of
the total, again >3,599,999,999. If this
is the case, then the total is increased
by 694,967,296, which rolls over to
the proper low positive number.

ADJUST PIXEL POLARIZATION

To prevent too much flicker, the
LCD is updated every 0.5 s. So, four
out of five times through this loop,
you’re done. Every fifth time there is
an additional calculation. If the total
is divided by 100,000, you would
reduce it to a single-word variable
(35,999 max). PicBasic is capable of
16-bit divides. Neither the total nor
the constant 100,000 are 16-bit val-

Photo 2—The LCD, gyro, VCR battery, and circuitry are mounted in a wooden
box (shown here with the cover removed). Connectors on the right side are for
the battery charger and serial output to a PC.

CIRCUIT CELLAR®

ues, so this throws a monkey wrench
into the works. If you break down
100,000 into pieces, one possible solu-
tion is 16 x 250 x 25 = 100,000. I like
the 16 because you can shift by a nib-
ble to accomplish that. Both 250 and
25 are byte constants, so the division
is manageable. The only routine that
needs to be written is a 32-/8-bit rou-
tine using multiple 16-bit divisions
on the 32-bit total.

If you look at maximums again, the
original total D693A3FFh is divided
by 16 by shifting a nibble to the right.
This gives a new maximum of
D693A3Fh. After going through the
32-/8-bit routine, where the 8-bit
value is the constant 250, the maxi-
mum value is DBBYFh. Going through
the routine one more time, with the
constant 25, the maximum value is
8C9Fh (35,999). One of PicBasic’s nice
features is having the remainder avail-
able. This comes in handy when I
want to separate this word (holding
the angle in hundredths of a degree)
into two parts, the integer and the
decimal portion. A divide by 100
gives the angle in degrees in one vari-
able and the fractional part of a degree
in a second variable.

The variables are simply printed to
the LCD with a “.” between them.
The DFh character is a degree symbol,
which can be printed instead of using
the word “degrees” if you prefer. And
that is that, or so it seems.

GET MY DRIFT?

It seems as though these gyros
aren’t perfect. First, there’s
the random noise compo-
nent called angle random
walk, which averages zero
and is the smallest of the
errors. Temperature, on the
other hand, has a direct
effect because of the gyro’s
internal DC amplifiers. The
drift is directly related to the
temperature and changes lin-
early with it. After the tem-
perature has stabilized and
the gyro remains stationary,
the drift factor stays con-
stant so it can be compen-
sated for in a number of
ways. The simplest way is to

www.circuitcellar.com



Tﬁé embedded controller that's out of this world.

With a bit of imagination and a relentless pursuit of innovation, the divers that film Shark Weekm™

for the Discovery Channel figured out how to extend their dive times from only 30 minutes to a full
eight hours by creating a re-breather system that uses Micromint’s PicStic 4™ technology.

With over 250,000 controllers in the marketplace, Micromint has been providing innovative,
turn-key solutions to the OEM market for over twenty years - from design through production, as
well as packaging and shipping the final product. Our broad line of embedded controllers and

turn-key solutions can turn your imagination into reality.

Visit our website @ www.micromint.com to see our complete line of OEM Solutions. M i C r 0 mi n t

902 Waterway Place | Longwood, FL 32750 | 800-635-3355 | 407-262-0066 | Fax 407-262-0069



http://www.micromint.com

Scenix Tools

In-system Debugger for SX18/02B4E52
Source Lewel Debugging for SASM, SXC
Built-in programmer
Real-tirma Bneakpoint
Condstional Animation Break
Exfemal Break ingut and Extemal Clock Input
Frequency Syntheszzer, 25Kha to 120Mhe*
Selectable Internal Frequencies
Software Animation Trace
Parallel Port Interface
Runs wnder Win 85/98/2000MT4

Comes with SASM Assembler
EXI50-100 modsl, SXIS0 1o syrehesize i Thmha bt
support exiemal oscilator inpet o 90-55mhe

All tools are gualified and
used in-house by
Scenix Semiconductor

Parallel Port Interface
40-pin socket
Program device in socket or in-circuil
Win 95/98/NT software
SASM assembler
Optional SOIC, SSOP and QFFP
programming sockets

Stand-alone B-gang programmer
On-line operation via parallel port
Detachable 8-socket program adaplers
DIP, SQIC, S0P and QFP adaplers
Programming voltage adjustable in 0.1V
Codes and fuse reside securely in
EEPROM of Master Control Unit
Comes with Win 95/98/NT software
From $900

Advanced Transd AtA

14230 Midway, Suite 128, Dallas, Texas
Tel 972 9802667 Fax 972.980.2937
Email: ate iz netcom.com
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Figure 1—This schematic shows the circuitry and connectors needed to interface with the other parts of the sys-
tem. The gyro requires 12 VDC and outputs a serial block of 8 data bytes every 100 ms. One of the advantages of
writing in PicBasic is the configuration flexibility of the bit-banged serial I/O. PB allows the serial to be I/O as true or

inverted. This can get rid of extra RS-232 level shifters.

take a sampling over a short period of
time to determine the drift and use
this as a correction factor. A more
complex algorithm may sample at
two different temperatures and deter-
mine how to adjust the drift dynami-
cally based on change in temperature.

I added a calibration routine to do a
simple average over the 256 sample.
As you might have guessed, 256 was
chosen because it is easily imple-
mented. When the gyro is stationary,
the rate output of 256 consecutive
data blocks is totaled. The grand total
is shifted eight times to the right,
dividing the total by 256. This pro-
vides an average drift and is stored as
the variable drift. Now each time
through the main loop when the rate
is adjusted and added to the total
(angle), the average drift is also sub-
tracted from the total (angle). Please
note that when computing the aver-
age drift, the rate being sampled can
be either positive or negative. It is
therefore necessary for the averaging
routine to be able to handle overflow,
underflow, and adjust properly for
negative 16-bit values.

MAGNETIC ERRORS

A magnetic compass will show
absolute direction. That is, it always
knows where north is. When a mag-

CIRCUIT CELLAR®

netic compass is used in an area that
has a high metal content, the earth’s
magnetic lines of flux won't reach the
compass needle without being pulled
slightly off course by the metal. This
means that the magnetic compass
needle will not be accurate through-
out its rotation because it doesn’t
know that the magnetic flux lines
have been shifted. The magnetic com-
pass’ error can be corrected if the rela-
tionship between the compass and the
metal remains constant.

One way to calibrate the magnetic
compass is to use a gyro, which is not
affected by metal. The gyroscope does-
n’t replace the compass because the
gyro doesn’t know which way north
is; it just knows relative position.
However, if the two devices are rotat-
ed together, the gyro’s position output
can be used to calculate an error cor-
rection for the magnetic compass.

STANDALONE

The LCD is shown in Photo 1, and
Photo 2 shows the elements of the
gyro project. A 12-V 2.2 Ahr cam-
corder battery supplies plenty of oper-
ating time for the gyro. The largest
current draw is from the gyro. Total
draw is about 300 mA, with only
about 1/10 needed for the interface
circuitry, including the serial LCD.

www.circuitcellar.com
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Value of Celsius temperature ~ Meaning of value

Table 4—The potential

Actual temperature span exceeds the —40°C

07FF 127 x 0.05
0001 1x0.05
0000 0x0.05
OFFF -1x0.05
0800 -128 x 0.05

to 75°C maximum operat-

102.35°C ing temperature.

0.005°C
0°C
-0.005°C
-102.4°C

Drift after an initial warm-up peri-
od is measured at >200°/h (3.6°/min.).
After the calibration routine is run,
the drift is reduced to 4.4°/h, which is
+1 bit (1 bit x 0.0000915°/bit x 10
samples/s x 60 s/min. x 60 min./h).

As an added feature, I used the sec-
ond LCD line to report temperature.
This is the temperature of the gyro,
not necessarily room temperature. In
fact, it runs close to body tempera-
ture. An extra input bit allows this
output to be optional by tying the
input low to enable the second line.

As you can see in Figure 1, in addi-
tion to the serial LCD output (J2),
there is a DB-9F serial output to a PC.
This output is used for debugging pur-
poses. Configuration jumpers CFG0-2
can be tied low to enable additional
serial output. These jumpers allow

different variables in the application
(within various routines) to be dis-
played as verification that computa-
tions are being handled correctly.

You may not have a specific need to
interface with a gyro. That’s OK. This
application serves as a perfect exam-
ple of how to use what you have to
get what you want. All it takes is a
clear understanding of what the data
parameters are, how you need to mas-
sage them, and what the limitations
of the tools are.

At first glance, it looked as though
floating point would be necessary to
get reasonable results. Not only can
the task be accomplished with inte-
ger-only arithmetic, but this task
requires double-precision floating
point to achieve the necessary accura-
cy (i.e., significant decimal places). &l
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RS232/RS422/RS485 Converters

CMC’slow cost converters adapt any S .
RS232 port for RS422 or RS485 * Automatically determines
operation. These converters provide your
RS232 device with all the advantages of
RS422 or RS485 including reliable high .
speed operation (up to 200 kbaud) and ADA485 (requires 9VDC) $79.00
data transmission distances up to 500!
feet. Two AD422s can be used to exten
any RS232 link up to 5000 feet.
Completely transparent to the system;
no software changes of any type are

RS232 TO RS422
* Converts bi-directionally
between RS232 and RS422
* Use as a short haul modem
¢ Plug in and go. No software
changes required

AD422 (Requires 9VDC) $79.00
AD422-1 for 110VAC
AD422L signal powered

Mention this ad when you order and deduct 5%
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Connecticut microComputer, Inc.
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Jeff Bachiochi (pronounced BAH-key-
AH-key) is an electrical engineer on
Circuit Cellar’s engineering staff. His
background includes product design
and manufacturing. He may be
reached at jeff.bachiochi@circuitcel-
lar.com.
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RS232 TO RS485
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RS485 port

¢ Supports up to 40 RS485
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data direction.
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o ADA485-1 for 110VAC 89.00
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RS232 TO RS485
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¢ Converts an RS232 port for
use with RS422 or RS485
devices

¢ Supports up to 40 RS485 or
RS422 multidrop devices
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¢ Automatically determines
data direction.

89.00 ADA425 (requires 9VDC) $89.00
8400 ADA425-1for 110VAC ~ 99.00
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SILICON

UPDATE

Tom Cantrell

Motor City MCU

As the
importance
of process-
ing power
extends
beyond the world of
the PC, the automo-

tive industry is paying
close attention to the
shiny new racers
rolling off the Silicon
Valley production
lines.
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etroit isn’t the
new hotbed of
microchip design, yet
in a sense it is, given the

prodigious automotive appetite for sil-

icon. It’s only a matter of time before
the mine’s-bigger-than-yours bragging
rights include MIPS along with horse-
power and torque. Brains, not just
brawn, will distinguish the luxury
class from the slow-lane sitters.

As I said in “On the Road Again”

(Circuit Cellar 118 and 119), network-

ing is just as hot under the hood as it
is on the desktop, maybe hotter
because automotive networking (or
multiplexing) is just hitting its stride.

It’s not hard for computer types to
understand the evolution of automo-
tive electronics. As with computers,
the first step was a centralized main-
frame approach in which a single,
expensive chip was put in charge of
the most critical functions (e.g.,
engine control). Then, a la the mini-
computers of yore, lower-cost chips
became available, enabling depart-
ment (e.g., brakes and transmission)
level processing.

Today, thanks especially to highly
capable, low-cost MCUs, cars have
entered the equivalent of the PC age
when practically every corner of the
vehicle, like every desktop, is home
to some silicon.
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Now many desktops also sport net-
working gear like the Ethernet router
and USB hub blinking happily on
mine. It’s not hard to guess where
automotive electronics is headed.

GETAWAY GATEWAY

The latest mobile MCU from
Motorola hints at the shape of things
to come. The MC9S12D lineup (see
Figure 1) combines the latest '"HC12
CPU core with a rack’s worth of net-
working (up to five CAN 2.0 ports
and a J1850 port), a bunch of memory,
and an everything-but-the-kitchen-
sink collection of I/O.

Clearly the '9S12 is a natural for
automotive apps. However, it also
seems like a match for the broad-
based applications that interest many
designers. In particular, there are ver-
sions available with only a single
CAN port and four different permuta-
tions of memory sizes (see Table 1).

Furthermore, CAN itself is also
finding favor in industrial field bus
applications, which share the real-
time and reliability concerns of their
road-going brethren.

Many of you can take advantage of
the robustness demanded of automo-
tive apps, extended temperature range
(—40 to 125° CJ, full-on 5-V analog and
digital I/O (an on-chip voltage regula-
tor delivers the 2.5-V supply for the
CPU core), and low power and noise
(EMC). All the more impressive that
the '9S12 takes a licking in low-cost
plastic packages including 80- and
112-pin QFP initially (others between
44- and 144-pin to follow).

Or, if CAN or J1850 aren’t your cup
of tea, there are plenty of other bit-
banging options on-chip including
UART (two channels), SPI (up to three
channels), and I>C.

Besides communication, on the
control side of the equation the '9512
is no slouch. Parts come with either
one or two 10-bit, 100-kHz successive
approximation ADCs, each fronted
with eight channels via a multiplexer.
The ADC includes internal or exter-
nal triggering, signed or unsigned
results, left- or right-justified results,
and programmable multi-channel con-
version sequences (or multiple con-
versions of a single channel).
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Figure 1—Although the '9S12 traces its roots back to Motorola’s first micro, the circa 1970s ‘6800, it sure ain’t

your father’s MCU.

There are up to eight channels of
PWM with 8-bit resolution that can
alternatively be configured as four
channels with 16-bit resolution.
Double buffering solves the nuisance
of PWM waveform glitches when the
parameters are reprogrammed (i.e.,
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changes are held off until the current
cycle completes).

Finally, there’s an enhanced capture
timer (ECT) that, with 64 control reg-
isters and a 50-plus page datasheet,
could easily consume an entire article
by itself. It starts with a 16-bit count-
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er and 7-bit prescaler, followed by
eight programmable input capture or
output compare channels and two 16-
bit (alternately, four 8-bit) pulse accu-
mulators. The input capture section
features buffering for up to three cap-
tures, reducing the chance of overrun
and offering the luxury of leisurely
interrupt response.

With a 16-bit chip, you can access
all the 16-bit counters in a single
cycle without the freeze gyrations
required of an 8-bit chip that can only
read half at a time.

16-BITS OR BUST

The new STARI12 incarnation of the
'"HC12 CPU is a full-fledged 16-bit
core (actually a 20-bit ALU) that
boasts high-speed (50 MHz yielding a
25-MHz bus cycle) and extended math
(e.g., 16 x 16 bit multiply with 32-bit
result). Yet it remains source code
upward-compatible with the popular
8-bit "HC11 predecessor that harkens
back to the original ‘6800 of yore.

That’s no mean feat, given that the
opcode map has been reworked and
many instructions and addressing
modes have been added. For example,
the '"HC11 treated index registers X
and Y differently, imposing a one-
cycle penalty on the latter. That
penalty has been eliminated on the
"HC12. Going further, the '"HC12
allows the use of the SP and PC as
index registers, offers accumulator (A,
B, and D) and 5-, 9-, and 16-bit con-
stant offsets, and adds pre- or post-
increment or decrement by any value
between -8 and 8. New LEA (load
effective address) instructions for SP,
X, and Y allow math operations
directly on these index registers
rather than having to move them into
an accumulator.

Some of the trickiest challenges for
an architecture upgrade revolve
around the details of status flag and
stack usage. For instance, the afore-
mentioned LEA instruction is used to
emulate the '"HC11’s stack pointer
increment and decrement instructions
(i.e., '"HC11 DES becomes LEAS -1, S
on the '"HC12). That’s OK because nei-
ther instruction affects the flags.
However, the similar increment and
decrement instructions for X and Y
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| = - 3 | Index register X Another stack issue is
alignment. As a 16-bit

15 I 0 | Index register Y . . .
| ndex register machine with nine bytes to
|15 SP 0 | Stack pointer stack and un-stack, there’s

no way to guarantee a partic-
ular alignment. This could
cause the execution time of a
16-bit push or pull instruc-
tion to vary. Biting the bul-
let, Motorola designed the
on-chip RAM to be able to
deliver a 16-bit quantity in a
single cycle regardless of the

Figure 2—The programmer’s model hasn’t changed much (exactly
the same as the 'HC11), but under the hood it's a different story.

(INX, DEX, INY, DEY) on the ‘HC11
do affect the status register (Z flag), so
they are retained on the '"HCI12 rather
than emulated with LEA.

The '"HC12 programmer’s model
(see Figure 2) is the same as the
'HC11, including the nitty-gritty
details, such as the way stuff gets
stacked in response to an interrupt.
One caveat, the "THC11 stack pointer
points to the next available location
and the '"HC12 points to the last one
used. That means for a given value in
SP, the stack contents for the '"HC12
are located in memory one byte lower
than the "HC11. This would be an
issue only for the rare (and generally

alignment, eliminating con-
cern (as long as the stack is
located on-chip).

Similarly, as long as programs are
stored on-chip, instruction alignment
of the variable length opcodes isn’t a
concern. Built-in queue logic includes
a multiplexer that automatically pre-
fetches and presents the next three
instruction bytes to the CPU, inde-
pendent of alignment.

GONE IN 40 NS

One of the most noteworthy points
about the new chip is performance.
Motorola was competitive in the good
old 1-MIPS days, but fell behind over
the years as challengers introduced
faster chips like the Scenix (recently
re-christened as Ubicom) SX and

Dallas Semiconductor’s hyper '51s.
For more information, take a look at
two of my earlier articles, “Socket
Rocket” (Circuit Cellar 100) and “’51
Soldiers On” (Circuit Cellar 127).

It’s the usual recipe; reduce the
number of clocks per instruction and
speed up the clock rate. The STARI12
incarnation cuts the cycle count of
many instructions by one or even two
cycles, compared to the existing
'"HC12 implementation. Again, in
Single-Chip mode (i.e., on-chip access
only), the clock runs up to 50 MHz,
which translates to a 25-MHz bus
speed for a 40-ns minimum instruc-
tion cycle. Not to worry, an on-chip
PLL (see Figure 3) allows the use of a
low-frequency (low-cost) crystal.

That doesn’t mean the '9S12 is a
25-MIPS machine. Many of the sim-
plest ALU and register ops execute in
one cycle, but generally instructions
take one to six cycles depending on
their length (1 to 6 bytes) and the
complexity of the addressing mode
(i.e., number of memory accesses
required). Branches, always a concern
because of their high frequency, are
three clocks if taken, one clock if not
taken. The throughput for meat-and-
potatoes code approaches 10 MIPs,
which is quite competitive.

Remember, the '"HC12 is about as
CISCy as they come, what with all
kinds of fuzzy logic instructions, table

Flash Memory RAM  EEPROM Package Device CAN J1850 SCI SPI IIc AD PWM [o}
256 KB 12KB  4KB 112LQFP  DP256 5 0 2 3 1 2/16 8 39
DQ256 4 0 2 3 1 2116 8 41

DT256 3 0 2 3 1 2/16 8 43

DJ256 2 1 2 3 1 2/16 8 45

DG256 2 0 2 3 1 2/16 8 45

80QFP DQ256 4 0 2 2 1 1/8 7 22

DT256 3 0 2 2 1 1/8 7 24

DJ256 2 1 2 2 1 1/8 7 26

DG256 2 0 2 2 1 1/8 7 26

128 KB 8KB  2KB 112LQFP  DT128 3 0 2 2 1 2116 8 43
DJ128 2 1 2 2 1 2/16 8 45

DG128 2 0 2 2 1 2/16 8 45

80QFP DT128 3 0 2 2 1 1/8 7 24

DJ128 2 1 2 2 1 1/8 7 26

DG128 2 0 2 2 1 1/8 7 26

64 KB 4 KB 1 KB 112LQFP DJ64 1 1 2 1 1 2/16 8 45
D64 1 0 2 1 1 2/16 8 47

80QFP DJ64 1 1 2 1 1 1/8 7 26

D64 1 0 2 1 1 1/8 7 28

32 KB 2KB 1 KB 80QFP D32 1 0 2 1 1 1/8 7 28

Table 1—A mix and match package, peripherals and memory yield quite a few permutations and, according to Motorola, that's only the start.
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Photo 1—Synthesis gets real and the ‘9512 comes to
life. One of the benefits is fabrication portability, as wit-
nessed by the fact that initial production is coming
from TSMC.

interpolation, and so on. These
instructions will boost apparent per-
formance accordingly.

One place where the chip shines is
in math class. As shown in Table 2,
I'm talking about a real Poindexter
here. Check out the multi-MIPS mul-
tiply and divide performance, an
advantage over 8- and 16-bit MCUs.

MORE FLASH, LESS CASH

When it comes to adopting the lat-
est technology, automotive designers
are held in check by strict reliability
concerns and glacial production lead
times. This makes the fact that the
'9S12 is a flash memory-only part all
the more striking. I'm not known for
making understatements, so I'll sim-
ply say that the adoption of flash
memory for workhorse automotive
apps means that the party is officially
over for ROM and OTP.

Like performance, flash memory
was another area where the folks at
Motorola fell behind. They had to
scramble to make technology deals
and ended up being late to market.

It’s really no surprise that they did-
n’t have an especially smooth start.
For instance, the flash memory on the
"HC908 (see “Flash Forward,” Circuit
Cellar 104) was remarkably difficult
to program. Software was sentenced
to hard labor, tunneling the electrons
shovel-by-shovel with excruciatingly
precise timing, or else. Furthermore,
thanks to all the bit-by-bit machina-
tions, programming was slow. That’s
OK in the lab, but definitely a prob-
lem on the production line.

By contrast, for '9S12 programming,
the main flash memory and secondary
EEPROM (which are essentially the
same except for erase granularity) is a
simple three-step, address-data-com-
mand sequence. All the critical volt-
age control and timing is handled
through built-in logic. Furthermore,
programming is pretty speedy at only
about 10 s for a 256-KB part.

Similarly, at $10 in volume for the
high-end, 256-KB part, and with $3
projections for the lesser models, the
price premium for flash memory over
OTP is negligible now, and will con-
tinue to shrink.

The temptation to go beyond 64 KB
for 16-bit chips is fraught with danger,
especially when compatibility is a
constraint. Indeed, I suspect it’s the
fact that Motorola’s own 68HC16
designers got a little too fancy, strain-
ing compatibility with the '"HC11,
which led to the popularity of the
"HC12 emergence as a 16-bit solution.

People had mixed feelings about
“kludgy” segment register schemes 20
years ago, and the concept surely has-
n’t aged well. Instead, the '9S12 uses a
simple paging approach in which a 16-
KB portion of the address space acts
as a fixed window into the larger flash
memory array. If that doesn’t cut it

Figure 3—Motorola
was one of the first
companies to incorpo-
rate PLLs in MCUs to
address the need to
extract more mega- XTAL
hertz from low-cost,
reliable crystals. The
"9512 keeps up with
the latest trend with
an on-chip oscillator
to back up the exter-
nal clock source.
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Table 2—I/ronically, the ‘9512 is a true 25-MIPS machine when it comes to doing multipli-

cations that are as fast as NOPs!

for you, the answer is simple; quit
messing around and go with a full-
fledged 32-bit chip.

REVERSE ENGINEERING

Just for kicks, I downloaded
Motorola’s application note, “Mask
Set Errata 1: PC9S12DP256
Microcontroller Unit,” which is appli-
cable to mask OK36N. Whew, got all
that? It’s always a good idea to check
this stuff out if you're working on the
bleeding edge. Of course, a bug list is

Instruction Math operation M68HC11 STAR12 mandatory.
mnemonic 1cycle=250ns 1cycle=40ns There’s no
. feeling worse
MUL 8 x 8 = 16 (signed) 10 cycles 1 cycle h hasi
EMUL 16 x 16 = 32 (unsigned) 3 cycles than chasing
EMULS 16 x 16 = 32 (signed) 3 cycles after an
IDIV 16 + 16 = 16 (unsigned) 41 cycles 12 cycles unknown
FDIV 16+16=16 (fracltional) 41 cycles 12 cycles bug, only to
EDIV 32 + 16 = 16 (unsigned) 11 cycles find it wasn’t
EDIVS 32 + 16 = 16 (signed) 12 cycles
IDIVS 16 + 16 = 16 (signed) 12 cycles unknown;
EMACS 16 x 16 = 32 (signed MAC) 12 cycles kind of like
per iteration making it to
the North

Pole “first” to
glimpse someone
else’s flag flapping in the breeze when
you finally get there.

Even if you're not in the develop-
ment phase, a bug list allows you to
get an idea of how real the part is. Are
the bugs showstoppers or easy to
work around? Are they related to fea-
tures you do, don’t, or may plan to
use? Do they call for minor logic fixes
or could things get really ugly?

Ironically, a bug list can also
prompt thinking about interesting
application tricks. By their very
nature, many bugs relate to rarely

used or less understood aspects of the
device operation. That knowledge can
yield valuable insights when it comes
to milking all the functionality a chip
has to offer or coming up with a
clever design hack.

Anyway, returning to mask
OK36N, I was taken aback by the
quantity (more than 40) and severity
of the bugs. Yes, a lot of them were
simple gotchas (i.e., Port A and B have
pull-down rather than pull-up resis-
tors. Oops!), and most have a
workaround of some sort. Others such
as A/D accuracy out of spec indicate
that they need more practice to get
the recipe right. But, there were also
some fundamental flaws, such as less-
than-vigilant memory protection and
security, that likely rule out this
mask for production use.

I can understand such an extensive
list for a newbie startup’s first silicon,
or a baroque 64-bit super-duper chip.
But, Motorola is certainly no new-
comer to MCUs, and even though the
’9S12 has a lot of stuff, it’s hardly
rocket science.
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Following up on my curiosity, it
turns out that the 9S12 may come
with extra labor pain. It’s Motorola’s
first MCU fully designed under a
modern synthesis development
regime. As Photo 1 shows, although
the analog and memory portions are
hard macros, every bit of the 1s and
0Os stuff is implemented in HDL.

It’s not hard to imagine why taking
that first big step to synthesis could
be shaky. It’s one thing if you're start-
ing with a clean slate, but the '9S12
didn’t have that luxury because of the
dictates of "THC12 compatibility. In
essence, Motorola’s designers had to
go through a reverse engineering
process to translate the circuit-level
design of earlier parts to functionally
equivalent HDL.

As an analogy, Id like to see some-
one try to convert a hex code listing
to C and not end up with a lot of
bugs! It’s the same old story of a pro-
gram (HDL) doing what you told it to
do, only you didn’t tell it quite right.

The good news is, after Motorola
engineers get it straightened out,

they’ll be able to rationalize and build
on an efficient IP-based design
methodology. Instead of reinventing
the wheel each time, Motorola will be
able to cut and paste chips on a whim
with less worry about top-to-bottom
testing and new bugs every time.

ROAD WARRIOR

The '9S12 was designed for automo-
tive applications, but it won't hit the
road for a couple of model years at
least. Despite its roots, the chip will
find a home in commercial and indus-
trial applications long before that.

The biggest winner? That’s the
lucky designers who have access to
parts that have progressed well in the
relatively short era of silicon. Thanks
to hot rod chips like the ‘9512, the
only limit is our imagination, which
means there are no limits. Don’t you
just love this business? &l

Tom Cantrell has been working on
chip, board, and systems design and
marketing for several years. You may
reach him by e-mail at

CIRCUIT CELLAR

tom.cantrell@circuitcellar.com.
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Problem 1—How could you determine if a
linked list contains a cycle in it, and, at
what node the cycle starts?

Problem 2—How would you reverse a
doubly-linked list?

Problem 3—What is an SCR crowbar
circuit? Where is it used?
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Problem 4—What are the minimum power rat-
ings required for the zener diode and the series
resistor Rs in the circuit shown below? The

maximum current drawn by the load is 100mA.

Rs =40 ohm
l+ ) Load
15 - 20'
Supply v
" Zener Max. Current
=100mA
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www.circuitcellar.com to see who has what and how to get it!

In-Circuit Emulators

5 ft. cable
- Plug-in boards or RS-232 box.
- Choice of user interface: DOS, Windows or Borland
keypress compatible. Hosted on PC's or Workstations.
- Supports virtually all derivatives of the 8051 family.
- Source-level Debugger with complete C-variable support.
- Real-time emulation speed up to 42 MHz.
- 64 bit wide, 256K deep trace with time stamp and
"source line tracing.”

Call for a
Free Demo Disk.

(408) 866-1820

31 E. Campbell Avenue
n OH aU Campbell, CA 95008
Fax (408) 378-7869

CORPORATION  http:/fwww.nohau.com

=TT
* 8051 » 80186 » B0196

* DSP 320Cxxx * TriCore » PIC
* Real-time trace
* Sarial, parallel, &
LAN interface
& GIC4+ lovel
Chamelaon
Debugger

* Multi-core
debuaging

www.signum.com
B00-838-8012

StedNEE
o 22T

11882 Challenger Ct. « Moorpark, CA 83021

PIC'n Bookg

LEARN ABOUT PIC MICROCONTROLLERS

http:/ /v

vww.eq-l.com

Seo Table OF Contents: httpzlwwae.sg-1.com
Secure Online Qrdering Is Available

PIC k= 0 irademark of Microchip Technology Ine,

SQUARE [1] suecrroncs

Voice (707) 279-8881 Fax (707) 279-8883

g BN =
phyCORE Modules:

NEW GENERATION
SINGLE BOARD COMPUTERS

m  Insertready submini SBCs (small as 47x55 mm.) supporting the
Philips 8xC591, 89C51Rx2, XACx, XAGx, Infineon C167(Cx,
Motorola MPC555 & ST Microelectronic ST10F168

m Low EMI design achieved via GND circuity, 6 fo 8 layer PCB, by-

pass capaditor grid and short signal traces achieved via small

footprint and use of 0402 SMD passive components
32KB to 8 MB external SRAM & Flash (controller-dependent)

FlashTools enable on-board in-system (ISP) programming

RS-232, RS-485, I12C & CAN interfuces; ADC; Chip-Select signals

Controller signals extend to standard (2.54 mm.) or high-density

Molex (0.625 mm.) header pins on two sides of the board,

allowing the SBC to be plugged like a "big chip" into targets

m Avaiable in Rapid Development Kits including Development Boord,
AC adapter, serial cable and SPECTRUM CD with eval software tools
(Keil, TASKING), FlashTools, electronic documentation and demos

PHYTEC America LLC M 255 Ericksen Avenue M Bainbridge Islond, WA I8 USA 98110
www.phyteccom  (800) 278-9913

www.circuitcellar.com
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PIC MICRO TOOLS

Converlers
Repeaters
Fiber Ciptics
Digital U0
Multidrop R5232
Custom Units
Auto TX Enable
Extensive Interface P t Lin
I'rn|j' ams oner 1 2000 dendes R5232 “Extfn.‘iiﬂ“ Eﬂ-l‘d:‘-"

!HE_L:H?::;,:J :;Eh:inlﬂ PALCE, GAL B7 5x/895x LIT' to 115.2 Kbi‘-l!i. 4000 i 4+

RS Phralel Bk I Ay PC. CueT Mo Large Multidrop Networks.
(- Lmiher 5 ¢ A currend limit RS .
OrrBoird processo . ot Isolated Units. Smart Units,
Lindweatabile progra - 3 . & ~
Cher’s for Incorect device inertion Remote Relay “Extension Cords
At atic EPROM 1D e 5 .

upports WINGS/RBNT Call the RS485 Wizards at;

IO farn & modules ane reguired in circul

0 s . el e gl i i (513)874-4796

Wisit weh utte for demo softwan?

— ; Z

Summyvale, California, LSA RES— ] E (J‘I l
Tel:A08=-F 3J4-E184 —

"tEP"umJ Fax #08-73448185 { e mith

www. ectools. com WWW. TS "]' sl . com

ISP PRO Programmar
PIC - Scaniy - Abmal - 120 - 5P|
In Cireuil of on Board. The last
Bu memuar you'll evar have 1o
Onily $58.95

Program PIC"s in BASIC!
Pic ' Basic Compiler $09.95

WISA = Master Card = American Express
To Ordar Call 1-248-428-8144 Basic Micra
33523 Eaght Mile Rd #AS-261, Livonia, M1, 48152

Wisit us online hitp.ifwww.basicmicro.com

Hexa od Il PE Kit &%
rzrn Bl PC KEYBOARD EMULATION
Interface Keypads, Switches, or RS-232 to your PC Keyhoard Input

MODEL KE24 ONLY 59 Q95
« Up to 12 x 12 matrix * Programmable * RS-232 Port « Macro Capability

The KE24 is the ultimate in flexibility. Inputs or serial data can
emulate any of the 101 keys from a standard keyboard.

MODEL KE18 ONLY $4.495

Eagy 1o build kil

The Haxapod || Professionad Edition moves about use i . .

i URMPRO0 TigO0 Gk, THis Falbes g 1a0L B 12 ¢ « Upto 9x9 matrix « 2.5"x3.0" Size » PC Keyboard Port « PCXT, AT Compatible
12" aned with a payload of up to 2 |bs s o mal workhomse §

E‘:;".,'fﬁ.f_i.’,',',:f';f,,:f]:;".;r:r;;:;l:,.},,:a":f A ; The KE18 combines a multitude of features with small size at an
wal forvard oo reverse and turm on a dime ke or ight. The economical price. Custom units available.

wheanced leg design heatures reduced correst draw whes
the tolol i standing. With the additon of the appropriaie T
electonics. avadable r-ep:'n:r‘l!- it ¢an be made 10 be Toll Free.
lethered, remdfe pilaled, ortotal

1 o
or stk for ser Irow caialog? ECTRONICS
383, reen Lantern Boulevard
ndicott, New York 13760

Ly matian, Ine

[Tk XA Microcontroller Developm Kits
m NEW! XTEND-C3 CAN Development Kit! E‘ ROM |
- The new XTEND-C3 CAN {Controller Arsa Motwork) Divelopmant K# s K &k 1 "
- now resaased and immadiasely available, The XTEND-C3 feahses the A DEV I(.'.F:' I?R{]{JRAP!J?'E“
N lalest XA dervalive, e XA-C3, which fully suppors CAN 2.0, Tha FOR BENCH AND FIELD
ETEND-CA priovides an oplo-iscialed, node powensd, CAN oompliant, UEES HHHH
mabs DB-B inbariace with a standad CiA pinoul. Alse nduded on the MIETI
= XTEND-C3E is mn B-charmed 8-bit ADC and optional EEPROM.
XTEND-C3 5299 “'“““%
:rmz
e 1 PC-BC-KIT lals your PC “fal” |20 and makes || sasy to develop [2C- -
| based sysiema. The PC-I2C Adapher interfaces io ary PC and allows
‘ *: bi-directional communications with |2C-based porpherats. Tha PC-2C
O softwann runs on Windows SST5ANT4.0 and uses simple manus bo
solct I2C poripharals from the 658 of suppored devicas. A “universal BT A LA ST e s
mode” &ls0 Suppons any 120 denich &1 Ny sdokess mappeng. PC-120 'L_l.'in.‘_nLlJ'_LIIL E [FRALY ¢
PC-12C-KIT $149.00 also suppoits on-boand programming of 2C EEPRDMs e o
2 XTEND, XA Trainor and Expandable Narrative Design, provides the
= i=ar with & Quick Stan kit lor any Philips XA Microconiroller desagn.
ﬁ' Utss the XTEND a8 your aciual prolotype of jus! use f fof debug wnlil
your XA PCB is roady. Al XTEND kits include XA Devslopmen! Board
e with on-board Montor and Dobugger, Softwars, DocumontaSon
Bchamabcs, Power Supply, and Serial Cable. Volumae Pricing avadabie
o 5$248.00 for XTEND-G3 G489 or 53 L < .
KTEND Kits $299.00 for XTEND-H4, $448.00 for XTEND-SCC S NDROMEDA B ,,,':f,ﬂi " $2 80
Fulwm Designs, Inc. hiipwww.taamidicom  emai-sales @loamidicom e == Pk BN 211
FDI P.0. Box 7362, Huniavill, AL 35807 (256) BB3-1240 Fax|255) BE3-1241 vier O e | .".'."L.':_'.'.“-;-:i:.':“ﬁﬁ ' 1.'?.'..'.:.'1'.'_'.'::_‘ “w
weiliile - wiwsarlaladoii LA MASTER LD = Ay
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Order
on-line for
FREE shipping!

ohmSOURCE®

Resistance Substitution Device
1Q resolution

labMetric '
+1Q up to 1 kQ

+.1%1kQ-24MQ Scottsdale, Arizona
Ph: 480.998.3503
Fx: 480.998.3504

0 - 24 MQ range

PATENT PENDING

HVW TECHNOLOGIES

e T SORUTIONT YO O ALY PRORLIMT

BASIC Stamp™ Prototyping
Made Easy...

S g e Econe LB werial LED isteriacs baard

PIC C Compiler

THFA ROSTWENS GaviosrTe T ererorrme
Arrwan b5 6l PC hattwine lessonel fom C

Bl < Efrgrien. T weork weity ad chige dor RS
el U0, 1T, dnciele 1) and procmenn dalinh
Suparc codn drrenrn and My 1 fuf georaTe

3, eypadi, Jdes G G
2 & NS A

NEW 32 BIT with smooth look-shead contouring

MOTION CONTROL

MULTI AXIS + ifo

smoothor, more powerful, and easy to apply
from BASIC, C, Pascoal or CAD/CAM for CHC.
GREAT FOR SIMPLE APPLICATIONS
BETTER FOR COMPLEX ONES!

ABILITYSYSTEMS core

1422 ARNOLD AVE ROSLYN PA 18001
|15} BET-4330 FAX (115) BET- 7815
www.abilitysystems.com

CONTROLLERS
* AMTBBES 20 or 40 MHz
« CANZ.08
+ 2LIARTS
* 3 Timers
+ 31 Programmabde IC pins
+ Small 1757 x 2.757 size

HITECH C COMPILERS
« Microchap PIC + BEK
+ BOwBG + TR0
« 8057 » HEm
* B

DESIGN SERVICES
+ Schematic Capture
* PCB layout
* Prototype
* Test

= Firmware development

Copeland Electronics, Inc.
440 Colony Place
Gahanna, Ohio 43230
Phone: B14-475-16%0

Email: infodfcopelandelectronics.com

=
Q
o
@
-
c
o
]
o
-
Q
°
=
=
Q
=
=)
-
S
=
>

Data Acquisition & Control

via RS232 or R5485 Ports

Tha ADR iniefaces g =

" Ty
por] and aliow data |,
scquinilion and
control uming ASCH

ADR 2100 - $189
dvalable wth AD.  FEATURES - 32 digital LD
ik, DIO .
S w0, (20mAJ; 4, 10-bit analog inputs;
2, PR ports; T ewont contors;
iadt o wab sile for  d jnberupts; 1 suxillary outpul,
pompiste profect  Dusl slepper mofor indaxer,
B ; REZZ o R5448% comarier
m:‘;m:‘: Daisy-chain up to 10 wnits;
Regulaied SVIDC cut i@ 100mA

A

PH: [T05) BT1-2652
Fan: (T05) 671-8127

IO

WIRELESS
REMOTE CONTROL [

* & key battery powered transmitters
+ Up to 4 transmitters per receiver

- Belt clip on transmitters

* Receiver with RS232 output

* 5everal packaging options available

www.hathawayhite.com

Hathaway Hite LLC
(864) 271- 4634

PROTOTYPE
Circuit Boards D/S PTH

57 x 8’ 2 Panels
< $99 Next Day Service

OPTIONAL FREE SOLDER MASK*
NO DRILL SIZE RESTRICTION (10 TOOLS)

Also see our full mask
& ident 6”’x 8 2 pnl for $110*
& UL Approved Production Run*

i ;I g d Tel (604) 858-3970

(
% Fax (604) 858-7699
Mod (604) 858-5286

* www.smthcircuits.bc.ca

Learn PICmicro® Assembly

Need to quickly get up to speed with the
PICmicro family? We've made our
award-winning PICmicro development
system even better. The new PMDS 2
microcontroller development system
includes everything you need for program
development, education, experiments, or control
applications &

using PIC

microcontrol-

lers. Get

started with = ..
complete s
systems |
from $349.

PIC and PICmicro are registered trademarks of Michrochip
Technology Inc. in the USA and other countries.

PMDS 2 Professional Pack Features:
* PIC16F84, PIC16F876, programmer, cables, power supplies,
* 2X16 LCD, keypad, analog pots, analog reference adjust,
buffered port probe, RS-232 port, 2 4k serial EEPROMSs,
2 servo outputs, IR receiver, & in-circuit programming port

www.siriusmicro.com

172 Harvard Road
Waterloo, ON, N2J 3V3

s i !‘i us Canada
microSystems 550,

www.circuitcellar.com
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DATA ACQUISITION & CONTROL

For acquisition and control of digital and analog signals.

Got Dial Tone?

Telecom Hardware/Software Developers
STOP using your phone lines to test and demonstrate

High speed Serial Port Interface
wﬁ_rﬂhﬁ,rﬂﬁ %11 glr?gl%l V&g&:émﬂ?gm ADC your telecom devices. Our affordable telephone line
a‘r.u.w Fs .‘_-u.g.-_y' cone | 4 channels with signal conditioning simulators offer authentic USA dial tone, busy signals
veviers, BOW po-chip Embedded stepper motor controller and ringing. Supports high speed analog modems too!
Py, JNC SREM, 1K 32 bit DLL SPORT232

EEPROM, [

RING-IT! TeLco SimuLaTor
REARE, [, dechan

® Caller-ID
mal PWM, CAN, and
el e AN, ans STEPPER MOTOR CONTROL
I A & 125 W i
bod?  Pogy-tack Control up to 16 stepper motors simultaneously © Al @it
BAM boatd avalisbie usinga “SINGLE SERIAL PORT". * Real 20Hz Ring
s rag (e vV i il
2 (l'J)ﬁ to BSO((j) Steps/sec Zlg\t}/lér)f?r ﬁccel/[?éecel. © CEE (DL Mzl
Siarter Pachags woludes seral mabie, prototypng cand, opper driver up to for 4,50r 6 wire motors. o
sokierien breadiasrd adppter, susnmbies, Flatioed bities, Software Winding Current Setup. " PARTY-LINE Teico SmuLaton
Examphe code, and Satumentition. (Aeguines BOM pod) Shaft encoder input , external driver capabilities. * Six Extensions
& ADF L IDTEOEP o r——— LA Internal FIFOQ for linear, cubic or spline Interpolation. « Caller-ID
tm-;:-l '-{.fr:-'ﬁ'.;ﬁ;;:- m:::.—:-‘w + BN EAM card 24 gigiltjzla_ll_l/o,thPl, 11Ianalo Cchar{/nBels on- ga[;d.l b o PEERe FiEhg
5 e ! 32 bit with examples in VC++,VBasic and Delphi.
= ADHH L FOTROODP Lol P P * CPC Disconnect
AdaptSl 2061 I8 sarme an TITH, welth du CAN mutrystors Less than US$100/axi * $425 ($199.95 kit avail)

e mane on-Chip meymany FASE Flach, BX UM, 2% FEFRA
Ftarier P H
* ADS1 3 DG1IEEP.
c Package:

S ADS1IDG1IBEDR i _

#any ather BSMC1Y and SHNCLL products availabie®

Digital Products

9 Channel Data

Loggers from ST400-NT
US$400. Ask us, or

visit our web site.

134 Windstar Circle
Folsom, CA 95630 USA
Tel: 916-985-7219

Fax: 916-985-8460

pE== i
TECHNOLOGICAL ARTS I RMV Electronics Inc.
(]

toll-freg 1-877-963-8996 » fax 416-963-9179 éi?niii"aac"”é‘iﬁ?d?“vsm -

www . technologicalarts.com Tel: (604) 299-5173 Fax: (604) 299-5174

Web site: www.rmv.com

New!
ActiveWire™USB
Simple USB tnti_erfal::e

< ~—SCONITEC DATASYSTEMS
TOP PERFORMANCE in a smali package:

Europe's best selling multi-programmer!

e
Baren COn
Tenan

GALEP‘/[/
Top of the line multi-programmer in sub- | Programs 8-bit / 16-bit EPROMs, EEPROMs,
$500 category. From 20% to 80% market | 0-Power RAM's, Flash, Serial EEPROMs /
share in Germany in 6 years. 1300+ dev- | CAL, PALCE, ATF/87xxx, 89xxx, PIC12/
ice output and growing fast. Europe-wide | 16/17Cxx/ All DIL dev. without adapter!
sales 10%-60% mkt share in 6 years. Min- | Lightning parallel data transfer (27C 256
imal, 1% return quota on hardware defects. | read 2 sec.- prog. 8 sec!). Supports HEX,
Replaces all low price dedicated program- | JEDEC and binary formats, with integrated
mers e.g. PIC only or GAL only units. The | hex and fuse map editor. Fully Windows
GALEP 11l also substitutes higher priced | compatible incl. Win 2000 / NT. Browse
universal programmers e.g. ALL-11 (HILO) | 1300+ supported devices on the Conitec
or LAB-TOOL-48 (ADVANTECH) - Provides | website: www.conitec.com. 90%+ of the
virtually matching performance at only 1/3- | listed devices require no adapter!

- 1/5 the price.

AT e

Al o

s Inderne! Browser Scripl-abla

24 MHz CPU cora with LISE
Frmwaee downboadabhe vie LSS
16 bt paraiiel 1O

Expandabie add-on boards

Harw i and scripls
Available from website

$59 plus shipping == — — GALEP-IlII
Acti‘fﬂﬂirﬂ, Inc. Pocket Multiprogrammer

WA B CIVEWINEnC. Com CONITEC DATASYSTEMS - 1951 4th Ave, Suite 301 - San Diego, CA 92101 - Tel: 619-702-4420- Downloads / Orders: WWW.CONITEC.COM

ph{G50) 483-8700 fxiB50) 493-2200

GALEP 11 / cable, batt. and recharger .$333.00
PLCC adapt. / 8-bit EPROMs /16-bit EPROMs /CALS
each $129.00

EFFICIENT, LOW-COST 7

STEPPER DRIVER eeder - RS-232

Technologies = SHEETS = Siackable

PO Box 2426, Ft Walton Beach, FL 32549 850-863-5723

Digital VO Modube - 14 10 chanmsis sndividually configuied far input or cufput. Turm ool mloys. Sense
SWICh Ir nasons ard DuBion pressed. x4 makra decoding usng nulc-dabounce and typemalic repeal. 549

Analag Input Module - B single-onded o 4 deronial inpuls. Seif-colibensod, 12-bd
L "I ADC, reads volimges from 0 io 4085 mVy. High/Low alasm trip-points for aach inpul. - §58

4 Analog Output Modube - 4 outputs thal span =10 1o + 10 voits wsng 12.bit
f g DAC. Aamp gonarator, soffware calibebod, select POR dolaulls.  §79

Stepper Motor Driver - Diroctly drives & wnipolar stoppaer
!' moios raled up io 25VDEC @ 2A. Sall-genemiod S-curve
nccobdecel proffes provide smoolh slan and s2op
malion. 24-tt abschuie molod posiion counles, 8§58
Pulse Counter/Timer - Read frequency from

Q50000 Hr ta 1,500,000 HE using Noating dacimal ppink
ared S-cigil reschution i cughoul range. Moeasum parEod,

* Order # CY-45 = 12445+ VDO
= Bipolar Chopper = Opto-lsolated
Interface = 2.3Amp f Phase » Full-

Half Step Mode = High Efficiency d d I Y RPM, duty cycle, pulse lengih, the velocity of o projectle
Y s — of ripwires. 24.bil pulse cound accumulnbor. 585
$90.00 gy 1 - $60.00 gty 100 end-to-end. il
E}'Mrl"ah Co B00-328-3938 Stack 32 modules on I:d;gi peripheral, such nlnlrtb'url:mu .sc,urm.‘l. :;c:“:::ﬂm:
l_;_ k N I‘\._Iha same RS-232 cable. multi-meter, ordo the mu-drop bus. Baud rate comverted,  $88
wiww.cyberpakeo.com
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Home Automation

. World’s
Largast
Sel&r:tiun!

# Yioice Conirol

* Gagdgets &
Motorized Devices

* Home Theater

J % Phones & Inlercoms

#X10 E Lighting Control

* Home Security & Surveillance

* Homa Metwarking & Structured Wiring

and Much Mara...

800-SMART-HOME

wwrw. smarthome.com

Free 144 pg. Color Catalog!
TERATHONE COW

N TTTTEE LT

_.w.: (PR ey

Dradese st o,
Gmantome PAD Deaisr Progre Hxlﬁ-ﬂ rs]

Graphic Interface With Touch Screen

=) | 8 s |

GTC100

126x64 LED mu’!ﬂ CCF
5110 QTY 1 5395 QTY 1 Htuu‘r‘ri mm‘| “Iﬂﬂ"l"‘f’l
Graphic display

Touch screen {uphunnl] or 12x12 input mu'lm: opemfnr I'm‘arf?l:!
erial conn

Serial communication (RS-232C)
Eprom or Flash for screen storage

nly +5VDC power required (or 9-26VDC)
Im:ludns graphic controller board

sy to use opment software

annrful friendly instruction interpreter
Create screens by PC paintbrus
Holds 100's of “‘mnnad" gruphuc n:mn:
Simple to place touch buttons
sy interface with PC/104, 8051, ﬁBHL‘H PIC

fﬁ uyﬁ

ENABLE
ANYTHING

siteplayer.com
520.544.4567

www.jkmicro.com/fuflash
Call 530-207-6073  Fax 530-207-6074

JK microsystems

'Puzzledoverwhich
Modem to buy"

e 14.4k, 33.6k, & 56k V90 versions
* 60 ma. typical power required
¢ 56k version @ $185 quantity 1

e Extra available RS-232 port

¢ Rugged PC/104 form factor

Since 1055 | NN A
OVER =
16 :ITIA;... inc.

YEARS OF

snoesoaro | WWW.€Macinc.com
OO | phone 618-529-4525 Fax 618-457-0110

The Smart Star
embedded contral yystem is desi

for real-time mnql;rand data uq:disitinn
applications, where cest and physical size
are ¢ritical. Hultiple 110 cards allow you
to closely match your speaific 110 needs.
Program with industry-proven

Dynamic (% development software.

Order Online
www. zworld.com
BB8.362.3387

/0 Cards jfran §i%)
+ §11 Hath / 1280 SRH = ] s aadable

* fot 158 Mz dod = lp i 168 10 poms
* ] omers [ 3 wnal pors = D, WD, DML, ey

= Tel 530.757.3737 = Fax 530.753.514]

Download/Debug CPU Card
aver Ethernet/internet
option available!

SNVORL
1900 Spafford 5t = Davis €A 95416

www.circuitcellar.com
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PROBLEM

SOLVED!

Custom Hardware
&
Software Design

L

* Rapid Protolypes
* Cost-effective Design
* Free Consultation and Quotes

MJS CONSULTING INC.
Mark J. Samarin M.5.E.E
hittpefvervewd, M Be anauliling. cam

916-967-6275

y [
| p

LRV

L i

IF-ETJMTIRE T/0Saille

PCl ISOLATED
SERIAL [/0 ADAPTER

D PCl Two port RS-232,/422/485 serial adapter

D 500V frue portfo-port isolation B Free Technical Support

D Automatic RS-485 driver enable or RTS B Made in USA

D Standard PC data rates up to 460K bps

D Simple installation with included software

= D Single and quad port versions available

D|scover why industry leaders rely on Sealevel Systems’ Serial 1/0
and Digital 1/0 control products. Visit our website or call today for
a free catalog or (D.

Sealevel Systems, Inc., 155 Technology Place, Liberty, SC 29657
email: support@sealevel.com fax: 864.843.3067

864.843.4343
www.sealevel.com

© 2001 Sealevel Systems Incorporated

pmDOS™

Protected Mode DOS

Access 4GB of memaory
Replaces DOS; no royalties
Use BC or MC 16-bit compiler
Multitasking with smx kernel
Floppy and hard disk support

-
L]
L]
-
L]

30-DAY FREE TRIAL

leam more at:

www.smxinfo.com/
pmdoscc.htm

MICRO DIGITAL INC
714-437-7333  B00-366-2491

Single-Target Simulators
TPU « GPU32 « CPU16  PPC

GNU C/C++ Compilers
68K/ Coldfire « PPC

System Simulators
TPU Standard Mask (A, G, 5xx)
TPU/CPU32  TPU/CPU1G
TPUIPPC

Hardware Debuggers
683xx (331, 332, 336, 338,
376, etc.)
MPC5xx « HC16xx

n":‘
HARDWARE, SOFTWARE, ASH WARE.

From simulators to compilers,
from development boards to
debuggers, ASH WARE Inc. is
your one-stop-shop for all
your embedded development
tool needs. If you are in search
of a complete development
support environment that
is simple-to-use and rich in
features, your search is over.
www.ashware.com

eimple solutions

ash ware inc. 1 2610 nw 147th place | beaverton, or 97006 u.s.a. 1 503.533.0271

8051, 80C196
PIC, AVR®

Integrated Development Systems:
Compilers, Simulators, Programmers,
In-Circuit Emulators

W e, vt e Dt Sarrhware enconditionad B comgle
treslipaints, riggen, programmable diock, memory mepping &
Banking, hull progct B wousos evel ugpe ke Ccomplen
www.phyton.com

(718)259-3191 Phyt@&n

PRINTED CIRCUIT BOARDS

QUALITY PRODUCT TE
FAST DELIVERY oty
AL AL A — — —?“ ﬂ.‘dﬂ “:f\-
COMPETITIVE PRICING oot

« UL approved

= Single & Double sided
= SMOBC

* LPI mask

* Through hole or SMT 10 pcs (adays) 1 or 2 layers 5249

» Nickel & Gold Plating 10 pcs (Sdays) 4 layers HEI5
= Artwork or CAD data
9901 W. Pacific Ave. Franklin Park, IL 60131 « Phone 847.233.0012

* Routing or scoring fiap 1 0 udés tookng. artwork. LPLL mask & legeed
= Fast Quotes
Fax £§47.233.0013 = Modem 847.233.0014 = www.flash.net'~yogii » yogiit flash.net

* Electrical Testing
* Flex Circuits MBBI_I.NL_
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development tools for: HC 11

HC12
EHEI16

NEW: Version 6 Tools
Full-featured 30-day demos
at: www.imagecraff.com

AVR

W3.1 IDE Tools for HC11/12/16 = S160 &
DOS or Linux Compilers = $100

| -|. '.-I )
BT L
WISA £ MC / AMEX
infodtimagecraft.
704 Colorado Ave. Polo Alto, CA 94303

(650)493.9326 » FaAx (650) a93-9329  eaJY VMO i) SRS

Touch Screen g
100 Mirz CPU 1 VGA

T2 & 240

Windowg~
Embedded Comp 8

Visual Basic

o Visual C++
Embedded Tools From Microsaft.
T % Ready to program using the
latest Microsoft 32-18i Embedded toofs,

Features

Built-in Remote Debug and Towch

Sereen makes this complete package o Elan SC-400 { 456 100Mhz )
easy fe use. For Mare Information and . .:ir.ll'r'dl.'l-i'ﬂf[' Bisk T
Pricing Visit Our Webr Sire, o Serial Poris (3 )

- www.RLC.com v Pttt et

- o Ihigital IO [ 16 )
El!fﬂrpﬂses, I" C. » Anelog Inputs { 6 ) 12 Bir
D Toll Free I-888-RLC-TECH  * PCMCIA Card fnterface

RS232/RS422 Converter

Port
powered

¢ Full duplex

422 or 485 4 wire , .
¢ Short haul modem CALY
up to 5000 feet =
£ § g

¢ Supports up to 40
RS422 devices

Easy to use converter adapts any
RS232 computer to RS422 or 4 wire
RS485. Using two twisted pair wire the
ADA422L will supportupto40 devices
at distances up to 5000 feet. Power is
obtained from the RS232 signal lines.

$84.00 quantity 1. OEM discounts.
Connecticut microComputer, Inc.

[oTs| PO BOX 186, Brookfield,CT 06804
(203)740-9890 Fax:(203)775-4595

www.2cmc.com code CC60
Low Cost RF Modules
I Available for 433.92Mhe, ot
ﬂ £1EMhz and 31 5Mhe sl

- Sample Price; LISS4.80 ¢
TLP43 Transmétier SAW & RLP34 Receiver LT
Easy Inerface wi Holick, PIC, AVE, BasicSnp
I ext Ciont for Valume. R.Hllp: ugr i K0 fis open

TF Series GPS Receiver

TF10- 12 Ch. SiRF arch.
Lowest Cost Worldwide
TF30- Mini Siamp Size
GPS [ 16hit MOU & IMb
TF50- GFS + GLONASS
Ultra High Accuracy
TF Star 1 = Development
[ e vl it [or TF10 available !

Canll : (POS) 620228

Fax: (905) 776043 LAIPAC
imfo e lui pracaoom
hitpztiwww lalpac.com 0 TECH

'I'I] I I] HT” Low Gost, G/C+-+ Programmatiie
ﬂ [: 16-Hit Controller

16 opto, 16 300KHz
ADC, DAC, 4 UART
6 16-bit counter,
14 solenoid drivers

® 4.8x3.4°, 40MHz TD40 or
TD8E, 16x2 LCO, Bx2 keys.

We have 30+ Low Cost 16/32-hil

Controliers with ADC, DAC, solenoid

drivers, relay, PC-104, PEMCIA, LCO,

DSF mation control, 10 UARTs, 300 1/0s.
Customer boards design. Save lime and maney.

RIN 1728 Picasso hve., Suie A, Davis, CA 95616 UsA [ o |
e, Tel: 530-758-0180 # Fax: 530-758-0181  www.tern.com  soles@ern.com

SrrEeT oD Wi,

Desigrer of Neteorked Automotive
Camputer Controlled Doviess

GPS Receiver Development Kit
Motorola M12 GPS Recaiver
RS-232 Interface
12 Channel
External Active Antenna
Aluminum Case
Fully Assambled

wiww. streetroddigital.com
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far campinin information drwmivad sewessr iz
from oo 24 howr BES (A03) 291-8342 (N1}
m

Aoe

Wireless Modems|[i[®> B’ Spice A/D 2000

Profassional Clreult Design

MOTHING COMPARES
TN Mixed Mode oty
4400 Parts T — =
Schemalics g = o =
:L?I!Iulfﬁmy:bgdgmw + 4 F3 ‘@

— 16 Analyses

N —— mOnSe Cankg,
SRR
"y dEslontion, noibe

= F p | ard much more.
hE ar A LhE apread spediurr
i by o Lo Pewer Meda Parts editor
PP ekl 5 CEM B Edit simulagion pb L
il modols, $10M back ]
Ueveiopmeant hils Avaliobee to databaso T N
||"|,1 568 Lie Verslon “
axEIrEEIn Froo Demo on wab Sie

Ph. BOY-TE5-9885  waw Maxstream.nel
Exceading Your Wirelass Expectations

 GUI

+« Portable Embedded GUI

« Small, fast, easily ported
C++ library

« VGA, LCD, and input
drivers included

FREE EVAL KIT

GUI & Multitasking

www.smxinfo.com/
pegcc.htm

MICRO DIGITAL INC
T14-437-7333  BO0-366-2491

N llDAQ.com

PC Based Data Acqu151t10n & Control Products

PCI-9812, 20 MHz Simultaneous ; PCI-7300A, Ultra-High Speed 32-Ch
4-Ch Analog Input Card Digital I/O Card

LABView,® HP-VEE,® IF Software, DLL’s, InTouch,® Win 95/98/NT
Visit www.NuDAQ.com for EXTENSIVE DETAILS. Much broader selection online!

Circuit Specialists, Inc.
since 1971
1-800-528-1417/ Fax: 480-464-5824

Microcontroller Development
Boards for the High End
PIC17CT56 or PIC1BCGE58

Main Board ..o $139.00
{Has proto area)

Daughter Board ........... $16.00
with proto area that

can be replaced

www techsystemsembedded.com

_uluh ons yuu get them all and

T ]

depu] (MIeF ATy Sl Pagel .
B ReSY s, o = Lo .l-ﬁgqt_w #—hﬁw

rorased e immunty. The TRGS | ey

udes The 1 type, LCD tyes, nu; pe. FI.F byps and TW (s | 1W-M 38601 o B -

[T .q,:-::.- .u-. .-.4. .-u:.-: [T -.1.;|.-o--:u.|.-.. ...r.'n:\-.._..._.;. _‘-:.:_.I-;;‘ -E mmn i .-'._-‘.-_ .l.:_' e -
., new waen L -

WLy g I M 0 e RO

e 4 m l-.l_ arrnar ¥ Ml mE 20 s -
HEOLTEK BEMICEDROUCTOR if. Sy -

Offcial LAIPAC Call : (905} 7621225

TECH  Fax: (90%) 7706043 IMfO@laipac.com i
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Double side—12¢ per in®
Four layers—20¢ per in®
Six layers—32¢ per in?
UL approved

(With solder mask, Silkscreen
Three weeks )

FREE Quote for 8-12L
PCB & membrance switch
MYLYDIA INC.

Fax: 626-292-2689

E-mail: tj2 @ix.netcom.com

PRINT to VIDEO!

Tiny BOB-Il module superimposes up
to 308 characters on NTSC/PAL video
or generates video automatically. Fast
2.4-19.2kbps RS-232 serial interface.
Simple to control; like a printer. Many
poweriul applications:

Home Automation - MATV
Video Inspection & Testing
Surveillance - CCTV - ATV
Remotely Piloted Vehicles
Gaming - Racing - Sports
Process/Experiment Monitor
Robotics - Electronic Signs
BOB-II-NTSC only $79.95

Information & Ordering: www. decadencl.com

DECADE ENGINEERING
[i[ 5504 ValView Or, SE. Turner, OR 97352
l_] Tol: 503.743.3194 - Fao: 503.743.2095

The Pocket Programmers149.95

Tha portable
programmer
that uses the
printer port
instead of a
imtarmal card,
Easy to use software that programs
E(E)prom, Flash & Dallas Ram.
25/27/28 & 29 sernies from 16K to 8
Megabit. Adapters available for 874X,
875X MCU's, Pic, Serial Eprom’s, 40-
Pin X 16, Proms and Mara.

Same Name, Address & Phone #
for 19 Years... Isn't it Amazing 7

Intronics, Inc.

Box 13723 / 612 Newton St.
Edwardsville, KS66113 ax 700000
Tel. (913) 422-2094 4545600 Shipping

WWW.IN-KS.COM Visa/ MC/AmenDisc

Embedded PowerPC™
based MPCS555
Microcontroller

448K Flash Mch A
S1IK SKAM Ieh THL
Hich Doalils Acioa Timer

% Inberrupts I CAN Ports
16 GIF LG 2 81 Berial
Keh 16 bit PWM _anid more.,

- ——

| (PP SO I W, -
tetontonp] st |iuinns | g, e oot Rasis Siomitem
_—

"iFlash876 SBC

PIC16F876 '
micro comp uter\
programs itself!

i (FlasnaTE b el
programming, na PIG programmer
reguined! Our wnigue Bocistrag inader aooepts standan) He Ses
wia B Flash senal pord and sioms Bam in on-chip FLASH
marmey. Progeams siosed i on-chip memory iee relsined in Ta
abserce o power & are aumatically run shen the pFlash s
st Th pFlashETE cary program Beell al laas 1000 mes

e Dhp FESC CRL PCHEFERY fagary o g e
o5 Wi Sy oo O MR Crpssy 6 el anciion VD e
& worm of on chip g FLASH. #gh SnicSoorm Cusmt End)
S5 Dy ol oy o e EEPPCI = i e

O Dy ol o s A PV Tirmor | Clouion charmem
Program o C BASC or Asservtdly =) (vl 1) BADC

BxSyien of werial Dt EEPROM Bty Eanchert-og Pl Tierw Dol

For furfer information on the (iFlash SBC and pStack
Irierinen mecdulon, plessy foos, el or visl oor weh e

pond electronics

wwwponce info@pondie fax +353 1 B84

CONTROL ¢ MEASURE ¢ INPUT

MODEL 405109

® RS-232 interface

o 28 lines digital I/O
¢ Eight analog inputs
* PWM output

* Three stepper ports

MODEL 100—$279
* 12-bit 100kHz A/D * Four analog outputs
* Three timer counters ® 24 digital |/O

PRAIRIE DIGITAL, INC.

855 NINETEENTH ST., INDUSTRIAL PARK
PRAIRIE DU SAC, Wi 53578

TEL: (608) 643-8599 » FAX: (608) 643-6754
Send CHECK, MO, VISA, MASTERCARD, AMERICAN EXPRESS

or P.O. Please include $8 for S&H

I1’C Bus Tools I

) :I'.'E‘ + I’C Bus Manitors

# Protocol Analyzers
+ Host Adaprers
+ Software Dev, Kits
+ Keypad-LED-UO I1Cs
— + Prototyping Boards
p"[(‘(" # Dise. & Mux. Cards
MICRO

COMPUTER |1CC is the leading

CONTROL supplier of Tools,
PO Bax 275 Adapters, and Cards

.
Hopewell, ] 08525 for I°C systems.

USA
Tel: (609) 466-1751 | ¥'SIT OUR Wes

Fawe (609) 466-41 16 | SITE TO LEARN
Ervai inkxEmec-uncom MORE ...

CUSTOM MEMBRANE
KEYBOARDS / SWITCHES

m s

e TO 2 WEEKS TURNAROUND

oVERY COMPETITIVE PRICING

oEx.: (5) 4-switch keyboards for $395.00
o PCB backed switches

o Custom metal backplates/assemblies
e Electronic assemblies/graphic overiays
e Electronic file fransfer capabiliies

47808 Bivd. Henri-Bourassa
Charlesbourg, Quebec, Canada G1H 3A7
Tel: (418) 622-5298 @ Fax: (418) 622-9996
Email: sales @picofab.net

Non-Contact Distance

Measurement
Machinery & Industrial Automation

Ultrasonic sensorsmeasure target

distancesfrom 2 in.to 37 feet
® Motion Control @ Easy to install
® Dimensioning ® Inexpensive

@ Positioning @ Many options
® High sensitivity @ OEM models
CALL today at

800-677-3649 S@NIX«

e-mail: cci@senix.com  Web:www.senix.com
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EMBEDDED INTERNET MADE
EASY! uwith the

DOS Stamp™

* Free TCP/IP, PPP, juuudh
Mini-server -
* Easyto Use
* Low Cost
* Low Power .
* Tiny Size —r—
* High Speed :rt-—-: et 4
« DOS Environment 1+ SRMIEMMSIINE,

Easy Software Development: Use your C/C++ or Basic com-

piler to produce DOS EXE. Download EXE to flash disk via serial

port. EXE runs on power up.

Standard Features: BIOS & DOS-ROM, 128K flash disk,

512K SRAM, 40 MHz AM188ES CPU, 16 digital I/O (opto rack

interface), 2 RS-232, 2 timer/counters, simple bus interface,

real-time clock with timed power-up

Options: 8-ch 12-bit ADC, flash disks up to 288 MB, 1 RS-485

Tiny Size, Low Power: 2°x2.6”, 5V @ 200 mA at full speed.
Visit http://www.bagotronix.com for info, prices, and FAQs

;QEAGOTRONI)C <,
o e
850%9312?3?)2 phone & fax @
RDK 2001

Robotic Developers Kit 2001
designed with the robotic
enthusiast in mind. You can
realize your bot in less than
3 hours! Buy your MicroBot
for $99.99. The following
modules come with the kit
= |nfra-red proximity
detector
= 1.6 amp H-Bridge
maotor controller
=  ATMEL programmer
board
* Motors
=  And more

Modules also sold separately
http:/fwww.rdk2001.com/

PCB EXPRESS, INC
PROTOTYPE TO PRODUCTION

S/SIDED  : 5-days,10 Pcs, § 275.00
D/SIDED  : 5-days, 5Pcs, $300.00
D/SIDED  : S5-days,10 Pes, $350.00
4-LAYERS : 5-days, Spcs, 3 750,00
4L AYERS ; T-days, 10 pcs, $ 850.00
ELAYERS : 5-days, 5pcs, $950.00
6LAYERS : 7-days,10 pcs, $1,175.00

(Up to 30sq. inch, Includes Tooling)
*SERVICES*

UL Approved
SMOBC, LPI mask & Legend
Photoplotting, Electrical Testing
Thru hu!uISMT,(iu]d.-'Nickﬂ Plating

Wit . an stant { tes
F-‘h (BB8)427-2920, Fax: 134?::42:' 1049
il; i

LGWEST COST & F.hST DELIVERY

ETHERNET & 24ME ONBOARD
sk Cliip apio 288 ME 1!

The Ultimare 3186
i @ compelitive
price !!

Srarting from
5150 Qu. 1

* True PCAMN Expansion Capabiliny
*2 Sertal ports-232+485/Parallel port
P82 compatible *IDE*2 F/AD* RTC
** Up o LAME Onboard Flash
Please see our site for more details

Poriliemr, Socker 3T PSAGPCT aviaifeally
Curams Desfen g GEM Welcome

ABIA TECHNOLOGY
714-821-8762 FAX: 714-952-3306
www.abialech. com/abiatechiDearthlink. nel

Programmable Controller

Magic Module

Module + Development Kit (MK400) $149.95 ea.

800 797 9355 ¢ 828 397 4200 ° info@elkproducts.com ¢ www.elkproducts.com

¢ Control Machines, Automation,
HVAC, Access, etc.

*4 Analog/Digital Inputs

*4 Relay Outputs

*Multiple Timers & Counters

e Powerline X10 Communication

*RS485 Data Bus

* 16K Program Memory

*Free Development Software

Accessories

* 400 Channel Voice Annunciator

* Security Control Interface

¢ Calendar/Clock Module

* Modem/Printer Interface, Event Buffer

* Access Control Interface (26 bit Wiegand)

Control 2-64 PC’s

rom 1 Keyboard,
Mouse & Monitor

MEGA SWITCH™

= Lizas slandard cables

= Giwes errr-Iree bools

= Aeduces operaliag cosls

= Allows independen|
F?"m ol each

* SaVEE Spac
i~ Models rurlZPthl-nd
. up

= Selects by ard
sequence or inonl panel
Samt isitons proaduscts in EEM & Themas Fegisier

Y VERRA [

SYSTEMS CORPORATION UsA
Sewn FRFS

275Jd Marcus Blvd. * Hauppauge, NY 11787
Tel: 31 434-3185 » FAX: 631 434-3516

http:/ fwan. vetra. com.
email: salesEvetra.com

CONVERT BETWEEN
C KEYBOARD

and RS-232

VIP-335 SMART PIPE™ Wedges RS-232
and Keyboard to PC

VIP-345 REVERSE PIPE™ Corverts P
keyhoard to RS-232

VIP-411 Smart AE™ Canverts contacts 1o
RS-232

See ather products in EEM & Thomas Register

275.J Marcus Bivd, * Hauppougs, NY 11787
Tel: E31 4343-3185 » FAX: 631 4243518

hittp: / /wewsw. vetra.com,
email: sales@vetra.com

PC KEYBOARD
INTERFACING

ENCODER ELIMINATOR

The “Smart-Wye™" T “Pramiom KeyoserdMosss ™

Allows switches and  Allows. PG boot-up end
hypads 10 drvg PC operalion wilthow! Reyboand of
hpyboad inputl PG

S oiha preducts i EEM & Thomas

TRA

\/IE

SYSTEMS CORPORATION
Sires TIPS

275d Marcus Bhd. * Houppauge, NY 11787
Tel: 631 434-3185 » FAN: 631 434-3516

http:/ fenana. vetra.com.

email: sales S@vetra.com
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USB

O MADE RIDICULOUSLY SIMPLE

sl

TMINM-BLS (Start For S89,95)
MORE OFTIONS, MORE POWER

FOR INSTRUMENTS
AMD COMPUTER 'O

WOWWLT ML M0 CON
Data Design Comporation

Gaithersburg, MD
(3017 670-1157

Mobile Robotics

Used world wide for research!

Mobile Robots Contredlers
Antificial Intelligence
Sonar Optics Vision Syslems

Zagros Robotics
PO Pk 460343
B Lows M
Phone {314)768- 1328 Fax (M4 5765568
hitpVwww ragrospobotics com
infadEragroarolot oo com

FaN AT

Motor Speed
Controls

1 '!!IIJII-IIOIHIIIII!'I‘I

* Use low-cost DC PM brush motors
» Proportional PWM forwardreverse
« VANTEC CDFR unit controls 2 motors
+ Command with 8 bit parallel port
« Command 2 Units = 4 motors/port
« 5-30 V, 1-30 A molor, 60 A slari surge
» Adjustable current limiting
+ Electro-Dynamic brake
» Optional clutch releaso
* Battlebols & Robobwar wins
+ vantec.com for pricing & robot uurﬂtlng

Wireless Remote Control

sKevehain size RF/R transmitters
sReceivers can leam transmitters

sEncoder and decoder 1Cs available
«Easily prototype wireless concepts
www.rimicrolink.com
© Xilor Inc.
Tel: 300-417-6689 or B65-546-9863
Visa/Master/Discover  Yam-6pm ET

Handheld HMI Sofiware
for your Palm Pilot!

Allen Bradley, GE, Modbus
Mitsubishi, Omron, Custom Apps

Order aniime wilh credif card
Tel: (562) 694-2220
www.NarlySoftware.com

u-:-n a-r‘uum LT

Intec Automation Inc.
www.microcommander.com

|  PiCmicro microcontroller development tools from the experts at microEngineering Labs, Inc.

New! PIC-X1 ExperimentariLab Board

The new PIC-X1 is 8 pre-assembled experimenders platioom. |
pravidas a testhed containing most of the cincultny commonly usad
with PICeicro microconrolors (MCUsL.  Mary diffedond projects
may be crealed for the PIC-M1. Some examples nchude
calculators, LCD clock, digial fermometer, LCD backpack, lone
dialer, and AC sérvo conlrod. The PIC-X1 can mun programs
writlen in assembler, C and PicBiasic or PicBasic Pm.

Bare PCB - $49.95, Kit wiparts - $139,95, Assembled - $199.95

PicBasic and PicBasic Pro Compiler
PicBasic comverts your BASIC progams imdo files thal can be §
programmid inlo & PICmicro MCLL Use in DOS and Windows
PicBasic Compilber -
insiruction sef = PEEK and PDKE nst uchions bo access any lﬂ-grs‘.er f
feom BASIC « May use up o 2K of code space « Supports PIG12CETx
140000, 16055x, Gxx, Tox, B4, 92x, 16FG2x, Bx, and 87x
PicBasic Pro Compiler - $249.95: « Bult-in LCD support « Divect actess 1o &y pin
or regisier * Page boundary handling past 2 = B, byte and word amays = Aeal
E.Thon. Else Endil » Hrarchicll euprekson handing = Inlemupls in BASIC and
aesembler « BASIC Stamp | and B ibrary = Supporis PIC12CETx, 12CEETy, 140000,
16CES,, B, Tax, B4, B2x, 16CERDy, 16FE2w, Ba. B7x, 1 70w and 1BCox

EPIC Plus Pocket PICmicra Programmer
Thir pocket-sined EPIC Pius Programmar quickly and easily programs
mist PICmiceo microconiraliers, including the PIC12Cox, 13CEox
140000, 160505, 16C55x, B, Toox, B4, fhor, 1BCEGEN, 16FG2x, Bx
BT, 1TCTan, and 180 mictoconinoliors, Intoracive sofftwans
nciuded loe Windows 9eNT/2000 and DOS. Requires two 9V
battenes or AC adapler (nol includad)

Bare PCB wisoftware - $34.95, Assembled - $59.95
Assembled w/AC adapier, 25-pin cable and ZIF adapter - SHHS

PICProto Prototyping Boards - §8.95 to §19.95

* High-guality blank peobdtyping Doards Sor PICmicra MCUs + Lige
prolotyping afea *= Holds microcondroller, S-wolt reguiator, osciliator,
capaciiors, DBS-25 connector # Vanous sites and layouts 10 Suppon most
PlCmicro microcontrollers = Doute-sided boand with plsted-through holes, B
solder mask, and sikscreen = Includes schematic, pats list, and uI&ﬁerreﬂlnr'rl:ﬂralm

microSLngineering Sabs, S —

Phone: [F19) 520-5323  Fax: (T19) 520-1867  www.melabs.com =
Box 7532, Colorado Springs, CO 80833  Emall: inflo@melabs.com

For more products and information, visit our website al:

www.melabs.com
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High Performance Microstep Motor
Driver/Controller - 3.

Price: $ 189 QTY 1
$ 179 QTY 10+
Please Call to Order

« RS232 Controlled or Canned Cycled Controlled
« High Current driving up to
3 Amps at 50 VDC per phase
« Up to 10,000 micro steps per revolution
« Short Circuit and Over-Temp Protection
« Programmable 4-bit optically isolated inputs
« 2-Channel Programmable for 0-5V Analog
Inputs or TTL Level Outputs
« Joystick controllable
« Built-in Acceleration/Deceleration ramping
« Software Current Adjustment via RS232
« Compact Size (1.5 x 3.0 x 4.0in)

— Tel: (714) 282-9444
F:x: (714) 282-9144

Sigg Industries, Inc.

22805-C Savi Ranch Prkwyl
Yorba Linda, CA 92887

www.siggindustries.com

8051 EMULATORS

&.I:ﬁl.lih. Imw
Tel: 314830 4084

Fax.s 314-830 £081 Q_
E-MAIL: infoffceiba.com -_;,...n.|

* Online Ordering " Softwore Updates
* Electronic Cataleg  ° Price List

ew CodeD

=T, .ﬂ- =1 ™
esigner

PicBasic Pro Edition

Advanced PeBasic Edilor for Wen SRNT2000
Ao Code Completian
Error Line Highlighting
Pop-up Staderment Syntax
Muki Document Inberdacs
Jump o labed kst box
Multh Undo/Redo ST!:.};.I

Syriinx
Download your FREE svaluation edition today
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* DS, Multi-Layer, SMT & RF PCBs

¢ In-house CAM & Photo Plotting and
Electrical Testing

Superior Quality at Competitive Prices

"...your product was delivered on

schedule and was of the highest quality.”
R.R. Bell Atlantic Test Systems|

Quick Turn ML & SMT
Capital Electro-Circuits, Inc

7845-M Airpark Rd., Gaithersburg, MD 20879
Phone: (301) 977-0303
Fax: (301) 990-6715 BBS: (301) 990-9628
Web: www.capitalelectro.com
email: sales@capitalelectro.com
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An Embedded Future

he PC revolution is over. Well, not quite over, just on an indefinite vacation. P4s and PowerPC chips sit
on shelves and the economy is headed for the toilet because we're just not buying as many PCs anymore.
At least that's what you are led to believe if you pick up a newspaper these days. With the collapse of semi-
conductor company stock prices, increased layoffs, and all the dot-com bombs, what other conclusion can there
be in our PC-centric culture?

Of course, in my experience reporters have never been particularly deep thinkers. They're entirely missing the fact that PCs are
merely one facet, albeit significant, in our electronic evolution. Fifteen years of feverishly buying and upgrading PCs has left them
with the perception (or should | say misperception?) that the business-justified growth of desktop PCs was an infinite market that
has suddenly crashed. In my opinion, when you sell enough of any product to fill the customer demand, there is a natural decline in
continuing sales growth. We're all just taking a little longer before upgrading these days and now there is more competition for how
we use a PC. Today, we think about buying an e-book, MP3 player, or Internet message pad rather than trying to do everything
through a desktop. Basically, these days we're thinking about distributing electronic requisites rather than concentrating them.

The real future growth for semiconductor companies is consumer electronics and embedded processing, not PCs. As much as
Microsoft and Intel want the world to espouse their brand of electronic religion, sales of a hundred million cell phones and video
games have more significance to bottom-line watchdogs.

Some companies have gotten the message. For example, IBM has evolved into a custom chip maker, designing custom ASICs
for the likes of Ericsson and Cisco. More importantly, the PowerPC may get more market respect from being the brains in
Nintendo’s new GAMECUBE than it ever could hanging around Apple. Certainly it will be an adjustment in culture adapting to high
volumes and lower profits in the consumer marketplace, but IBM has the right idea and the right direction.

Making the change might be a little harder for Intel. Approximately 80% of its revenue is derived from PC-oriented sales, so it's
little wonder that their present attitude is to promote all these new electronic toys such as digital cameras, e-books, and the like as
peripherals that still ultimately need a PC host. | beg to differ.

Over the years, we've had articles on wearable computers and discussed ubiquitous computing. Embarrassingly, | must admit
that | held my nose during some of it because, at the time, | considered it to be fringe reality. Today, | have to say that | was too
conservative and simply did not think far enough ahead. ldeas like having a bracelet that constantly transmits a child’s GPS loca-
tion or a front door video camera that automatically recognizes the home owner are not only conceptual, they are realizable.

If there is an understanding about our present predicament, it’s that our PC mania has at least created a manufacturing infra-
structure that easily adapts to and facilitates new applications. Combine this with the new wireless communication technology and
you have the prime ingredients for a future of embedded-everything.

Computing in the future will not revolve around bigger processors and more centralized control. Forty million transistor P4s will
still have their place of course, but the winners will be the companies who design new materials and computers so small and inex-
pensive that they can be incorporated into virtually anything. Concentrating on specific applications rather than generic processing
capability will seem alien to old-line semiconductor houses, but they'll adapt. As for Circuit Cellar, we'll still be in the thick of things
as usual. Our focus has always been embedded control by any name. Now at least | have the satisfaction that much more of the

world agrees with me.

steve.ciarcia@circuitcellar.com
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Our New Products are R. E. D.

3 Rapid Embedded Development tools from TechTools

In-Circuit Firmware Development with SPEED. « 2000 Support
* 3-5 Volt Target
ER EconoROM™I[II Support
Economical EPROM Emulator

ER3 is designed for quick, in-circuit firmware test cycles.

ER3 will speed up your firmware

development by eliminating the need QuickLoaderTMversion 3.0

to remove-erase-program and re-
install EPR(?Mi each till:ﬂe you New FlexROM I1, I1T and EconoROM III interface
test a code change. These : . : - P
now supports multiple file projects with “1-Click
devices plug into the EPROM fil nepr ion ndz wnl pdiln
socket on your target board e conversion a o oading.
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process. L A o
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We provide software that loads your -
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firmware code into the emulator in a matter of 17 SengotoSisof e
o St s [o0000000
seconds! No more waiting for t“he eraser or e o
EPROM programmer. No more “debugging” bent I TerteaTotdol | [1287

pins or bad EPROMs. . m»mmsms

FR FlexROM™[11
FLASH, EPROM & SRAM Emulator

FR3 is a Flexible, in-circuit memory Emulator with instrumentation. |

Nt Free A (Total Btes Tt O] 00040000 HEX:

It Pt i C\Enbmdded oo v cp Seved

NEW Active

,-‘»{.\ Cables!

FlexROM emulators provide engineers with a flexible
development tool for any Embedded project that uses an
external FLASH, EPROM or SRAM device.

Increase productivity by downloading firmware code or

data into the emulator at 2.5 Mbits per second. Set an

Address Trigger, measure the Target's voltage level and Adapt easily to new target
see the Target's address fetches with FR3’s Hardware technologies with FR3’s
Instrumentation. Active Cables.

Increased productivity, always available hardware Instrumentation and adaptability make FlexROM a very powerful tool.

PICmicro® In-Circuit Emulator

ClearView™ Mathias fully emulates the selected
PICmicro, including program memory, register
memory, EEPROM, 1/O activity, SLEEP mode and
ALL peripherals.

Mathias includes TDE™ (TechTools Design Envi-
ronment), a highly productive Development and De-
bugging Environment with full source-level support

for all popular Assemblers and C Compilers_ TechTools Complete Development System with integrated
ClearView debugger will save you days or even weeks of
development time!

For a complete product listing, optional modules, pricing and evaluation software, visit our WEBSITE:
www.tech-tools.com, Email: sales@tech-tools.com or CALL: (972) 272-9392

PICmicro is a registered trademark of Microchip Technology Inc., Windows and Windows NT are registered trademarks of Microsoft Corporation. ClearView, PICwriter, CVASM16,
EconoROM, FlexROM, UniROM, VCOM, URCOM, Bank Shadowing, TechTools and the "Wizard" symbol are trademarks of TechTools, P.O. Box 462101, Garland,Texas 75046-2101.
All other trademarks are trademarks or registered trademarks of their respective companies.

Te Ch TOO I S Innovative Tools for Rapid Embedded Development
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SURELY NOT.

SURELY SOMEONE SOMEWHERE

HAS DEVELOPED A PORTABLE PROGRAMMER THAT
HAS EVEN MORE FEATURES, EVEN GREATER
FLEXIBILITY AND IS EVEN BETTER VALUE FOR
MONEY.

ACTUALLY, NO. BUT DON'T TAKE OUR WORD FOR
DATAMAN-L48LYV IT. USE THE FEATURE SUMMARY BELOW TO SEE

Plugs straight into parallel port of PC or HOW OTHER MANUFACTURERS' PRODUCTS COMPARE.

ooy 1S4 GAL MODULE
Programs and verifies at 2, 2.7, 3.3 & 5V S ” G A L M 0 D U L E
True no-adaptor programming up to 48 * Programs wide range of 20 and 24 pin

pin DIL devices logic devices from the major GAL vendors
Free universal 44 pin PLCC adaptor ¢ Supports JEDEC files from all popular
Built-in world standard PSU - for go- compilers

anywhere programmilng S UPPORT

Package adaptors available for TSOP,
PSOP, QFP, SOIC and PLCC * 3 year parts and labor warranty
¢ Optional EPROM emulator » Windows/DOS software included

DATAMAN S M ¢ Free technical support for life

¢ Next day delivery - always in stock
¢ Programs 8 and 16 bit EPROM:s,

EEPROMs, PEROMs, 5 and 12V FLASH, still as unbeatable as ever. Beware of
Boot-Block FLASH, PICs, 8751 cheap imitations. Beware of false
microcontrollers and more promises. Beware of hidden extras.
EPROM emulation as standard If you want the best, there’s still only one
choice - Dataman.

Orders received by 4pm will normally be despatched same day.
Order today, get it tomorrow!

Rechargeable battery power for total Dataman Programmers Ltd
portability Order via credit card hotline - phone 215 East Michigan Avenue
All-in-one price includes emulation today, use tomorrow. Orange City, FL 32763

leads, AC charger, PC software, spare - : Telephone (904) 774-7785
' ! ' Alternatively, request more detailed :
library ROM, user-friendly manual Y red Fax (304) 774-7796

information on these and other market- Home page: http:/Awww.dataman.com
Supplied fully charged and ready to use leading programming solutions. Email: sales@dataman.com
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* The Wit & Wisdom of Steve Ciarcia
» Complete Hardware Projects
* Focus on Embedded Processors and

Email: subscribe@circuitcellar.com Systems o :
Visit our Web site at www.circuitcellar.com * Practical Application Arficles

For only $21.95* you can have 12 issues of Circuif Cellar
THE Technology Resource forthe 21st Century!

SPDF

*1 Year (in print)—USA $21.95, Canada/Mexico $31.95, Foreign $49.95
2 Years, 24 Issues (in prinh)—USA $39.95, Canada/Mexico $55, Foreign $85

FAST FAX SUBSCRIPTION SERVICE (860) 871-0411
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Do vyou know of a company that would be useful to

your fellow engineers using the Suppliers Directory?
ALLOCATED PARTS SUPPLIER

ELECTROSEBEC

Specializing in military and commercial components, Electrospec has received numerous
awards from companies such as Honeywell, Lockheed Martin, Raytheon, and many others.
TO BROWSE OVER 13 MILLION STOCK ITEMS, AND A GENUINE AVAILABILITY OF
OVER 10 BILLION PARTS COME TO WWW.ELECTROSPEC-INC.COM. ELECTROSPEC
HAS ONE OF THE MOST ADVANCED COMPUTER SYSTEMS FOR LOCATING
OBSOLETE, LONG-LEAD TIME & ALLOCATED PARTS. THIS SERVICE IS AND WILL
REMAIN TOTALLY FREE

AUTOMOTIVE ELECTRONICS

www.electrospec-inc.com

ADVANCED VEHICLE TECHNOLOGIES, INC.

We are a supplier of in-vehicle network interfaces, hardware, and engineering support. We
offer products and support for in-vehicle networks including: J1850 (VPW & PWM), ISO 9141,
KWP 2000, ALDL, CCD, and more.

CATALOG PARTS SUPPLIER

www.avt-hg.com

Phone: (410) 798-4038

ALL ELECTRONICS

Valuable resource for technicians, students, hobbists, inventors and OEM's. Thousands of
surplus and new electronic and electro-mechanical parts and supplies including many unusual
items. Robotics, computers, surveillance, remote control, prototyping, whatever your
application, All Electronics Corp has something for you. Our new web site is
http://www.allelectronics.com/ Our toll free order number is 1-888-826-5432

www.allelectronics.com

Phone: (888) 826-5432

JAMECO

Mail order electronic components and computer products with over 5,000 products including
integrated circuits, discrete components, tools, test equipment and computer peripherals.
Comprehensive on-line services include electronic ordering, on-line data sheets and
documentation, links to manufacturers, Tech Tips, special offers and more! 99.9% availability,
same day shipping, competitive price matching.

BIOSs

WWW.jameco.com

Phone: (800) 831-4242

GENERAL SOFTWARE

specializes in the development of pre-boot BIOS firmware for
embedded systems. We create products that embrace industry
standards and accelerate the development of x86-based applications.
Our embedded focus results in a company that understands the
unique requirements of OEMSs, in products that meet their
requirements, and in service that is dedicated to the success of their
project.

CIRCUIT BOARDS

www.gensw.com

Phone: (800) 850-5755

=S ey

Building circuit boards since 1972 and home of www.pcbexpress.com. ECD offers three levels.
Pcbexpress I: Express double sided boards, overnighted to you. Pcbexpress IlI: Includes
soldermask, nomenclature, and routing. Pcbexpress Ill: Boards are economical multi-layers (4
layer). ECD also produces full service orders that satisfy lead time, process, and quantity
variables.

DEBUGGING

www.pchexpress.com

AVOCET SYSTEMS

The complete source for all embedded development tools. Avocet provides in-circuit
emulators, ANSI C compilers, macro assemblers, and simulators, as well as the AvSys

real-time operating system for all major 8- and 16-bit micros.

Www.avocetsystems.com

Phone: 1-800-448-8500
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VIRTUAL MICRO DESIGN

UMPS represents a new generation of development environments for embedded and real-time
applications. It allows early integration of the software and hardware design components in a
high-performance environment. UMPS is a universal microcontroller simulator. It includes
assembler/disassembler as well as complex components simulator: LCD panel, 12C devices,
Dallas 1-Wire device ... etc. CPU target includes PIC, HCO05, HC11, SCENIX, ATMEL AVR,
8052, DS80C320, ST6 and soon ST7 and HCO08.

EMBEDDED PC

www.vmdesign.com

MICRO/SYS, INC.

Micro/sys offers embedded computers to match any application. Cost effective PC/104-sized
controllers pack analog in, analog out, digital I/O, and Ethernet onto a single board. Everything
is integrated and pre-installed - operating system, setup utilities, and even a TCP/IP stack.
Micro/sys 186, 386, 486 and Pentium models all share quick development, OEM pricing, and
free technical design support.

www.embeddedsys.com

Phone: (818) 244-4600

ON TIME

Professional Development Tools for x86 Embedded Systems
RTTARGET-32, RTKernel-32, RTFiles, RTKernel
No run-time royalties! Evaluation Kit available!

EMULATORS/PROGRAMMERS

www.on-time.com

Phone: (516) 689-6654

DATAMAN PROGRAMMERS, Ltd

We provide a variety of device programmers ranging from single chip to Gang programmers,
ROM emulators, as well as device validators for the gaming industry. We also carry a full line
of modules, adapters and accessories for each product line. All items are stocked and ready
for immediate shipping. We accept VISA, MasterCard, American Express, C.0O.D as well as
Net 30 day terms (with proper credit references).

www.dataman.com

Hotline #: (800) 328-2336
Phone: (904) 774-7785
Fax: (904) 774-7796

METALINK CORPORATION

MetalLink, a leading manufacturer/supplier of high-quality, high-performance and cost-effective
in-circuit emulators. Our tools help engineers design/develop embedded products since 1984.
MetaLink's full-featured emulators support 8 and 16 bit microcontrollers, real-time,
non-intrusive emulation. They are smaller, more portable, less costly and support the following
microcontroller architectures: 8051, 68HC05, 68HC11, COP8 and CR16.

www.metaice.com

Phone: (480) 926-0797

PHYTON, Inc. Microsystems & Development Tools

Phyton offers affordable, professional in-circuit emulators for 8051, 80196, PICmicro®, and
AVR® microcontrollers that support non-intrusive & transparent emulation, dual-ported &
shadow memory, memory mapping & banking, real-time tracing, complex breakpoints and
triggers, timing-logic analysis, clock programming, high-level debugging, integrated
development environment with project management and embedded macro assemblers.

HOME AUTOMATION

www.phyton.com

Phone: (718) 259-3191

CREATIVE CONTROL CONCEPTS

Creative Control Concepts designs and sells unique products for Home Automation. We offer
a number of products for general home automation use as well as the entire HCS-Il Home
Automation System product line. Our products offer one of the most flexible home automation
solutions on the market.

INDUSTRIAL CONTROLLERS

WWW.cc-concepts.com

Phone: (919) 304-3107

MICROMINT, Inc.

Micromint is a leading supplier of single-board computers and industrial embedded controllers
to the worldwide OEM market. Micromint provides standard components, versatile semicustom
configurations, and fully engineered custom solutions to OEMs, consultants, and end users
alike.

MODEM MODULES

www.micromint.com

Phone: (800) 635-3355
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RADICOM RESEARCH, INC.

Radicom designs and manufactures modem modules in PC/104, Serial TTL and Parallel
interfaces. The modules are self-contained modems built in with on-board data pumps and
controllers, feature -400C to +850C extended temperature operation. All modems are
designed to meet UL/CSA, TUV safety requirements and global telecom compliant.

PC/104

www.radi.com

Phone: (408) 392-9688

MICRO/SYS, INC.

Micro/sys offers embedded computers to match any application. Cost effective PC/104-sized
controllers pack analog in, analog out, digital I/0, and Ethernet onto a single board. Everything
is integrated and pre-installed - operating system, setup utilities, and even a TCP/IP stack.
Micro/sys 186, 386, 486 and Pentium models all share quick development, OEM pricing, and
free technical design support.

www.embeddedsys.com

Phone: (818) 244-4600

SCIDYNE

manufactures innovative hardware and software products which are used in demanding
industrial, OEM and scientific applications worldwide. Within our PC/104 line exists precision
analog and digital I1/0, development tools, PIC coprocessor and other specialty devices. Visit
our web site for complete product information including brochures, application notes and
software examples.

PROGRAMMABLE CONTROLS

www.scidyne.com

Phone: (781) 293-3059

ZWORLD

From single-board computers to touchscreens Z-World offers a complete line of
C-programmable products and accessories including relays, A/D and D/A converters, core
modules, expansion boards. Controllers are stocked with on-board I/O (digital and analog),
RS-232/485 and memory. Visit www.zworld.com to order a catalog or browse through

products in our online store.

SEMICONDUCTOR MANUFACTURERS

www.zworld.com

Phone: (888) 362-3387

ELECTROSPEC

Specializing in military and commercial components, Electrospec has received numerous
awards from companies such as Honeywell, Lockheed Martin, Raytheon, and many others.
TO BROWSE OVER 13 MILLION STOCK ITEMS, AND A GENUINE AVAILABILITY OF
OVER 10 BILLION PARTS COME TO WWW.ELECTROSPEC-INC.COM. ELECTROSPEC
HAS ONE OF THE MOST ADVANCED COMPUTER SYSTEMS FOR LOCATING
OBSOLETE, LONG-LEAD TIME & ALLOCATED PARTS. THIS SERVICE IS AND WILL
REMAIN TOTALLY FREE

www.electrospec-inc.com

netCOMPONENTS

netCOMPONENTS electronic component sourcing database contains
billions of parts from hundreds of stocking distributors worldwide!
Multilingual site has FREE DEMO for buyers of integrated circuits,
semiconductors and other active & passive components.

www.netcomponents.com

PHILIPS SEMICONDUCTOR

The world's leading supplier of 8-bit 80C51 microcontrollers and high-performance 16-bit
80C51 compatible microcontrollers. Options include 10-bit ADC, speeds up to 40 MHz, and a
variety of small packages. Features include OTP/Flash/ ROM, memory up to 48K, up to 1.5K

RAM, and serial /O (UART, CAN, I12C).

www.semiconductors.philips.com

Phone: (408) 991-2000

RABBIT SEMICONDUCTOR

Supplier of high-performance 8-bit microprocessors and integrated development tools that cut
design time and effort. The new Rabbit 2000TM is highly compatible with the Z180 and Z80,
and is 3-5 times faster. Includes glueless interacing to memory, on-board flash programming,
and 4 serial ports. Development kit includes Dynamic C interactive compiler - available for only

$139.

www.rabbitsemiconductor.com

Phone: (530) 757-8400
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WAFERSCALE INTEGRATION Inc.

Waferscale manufactures low-cost integrated MCU peripheral ICs combining most of the
memory and control resources required by 8/16-bit MCUs in embedded systems applications.
EasyFLASHTM PSDs integrate Flash/EEPROM/SRAM technology, and allow for In-System
Programmability of the entire chip via the MCU or the Fast JTAG port.

www.waferscale.com

Phone: (800) 832-6974

ZILOG

ZiLOG is a design solutions company specializing in embedded and integrated circuits for the
communications, home entertainment and integrated controls markets. ZiLOG developed the
legendary Z80. Leading products include M@ilTV; violence blocking chip; Z89 DSP, one of
EEPN's "Top Three DSPs"; and Z8Plus, one of Cahners Electronics' "Top Ten

Microprocessors."2C).

SINGLE BOARD COMPUTERS

www.zilog.com

EMAC

EMAC offers a comprehensive line of products and services that includes Single Board
Computers, microprocessor training systems, custom engineering, and manufacturing.
Customers with customization requirements benefit from EMAC's extensive inventory of
off-the-shelf hardware and from its excellent design, development, and integration capabilities.

www.emacinc.com

Phone: (618) 529-4525

REMOTE PROCESSING

Designs and manufactures computer boards used for industrial measurement, analysis, and
control. Applications include machine operation and environmental monitoring. Board features
digital and analog 1/0, 4-20 Ma. output, counter/quadrature encoder, stepper control,
RS232/485, display and keypad inputs. Most boards include a Basic event-driven RTOS for

quick startup and easy programming.

SOFTWARE DEVELPOMENT TOOLS

www.rp3.com

Phone: 800 642 9971

3rd Party Distributor

GCES dnc.

CCS offers a fully optimized C compiler specifically for the Microchip PIC processors. The IDE
and built-in functions provide developers with a fast method to produce efficient code from an
easily maintainable language. CCS also provides design and code development services to
help on projects with a tight schedule

www.ccsinfo.com

Phone: 262-797-0455
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