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FLASH + SRAM

Up to  6 MByte

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
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� License-free multitasking system
� Complete computer systems in tiny modules
� Compact DIP-type modules with 28 - 92 pins
� Fast high-speed multitasking BASIC
� Economical cut consumption (50mA @ full speed),

cut components, cut system cost
� Streamlined super-fast development cycles

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

BASIC Tigers™ are tiny, high-precision,
multitasking computer modules that are
ideal for your project development and
series product applications. They are
available in a wide range of module sizes
at surprisingly reasonable prices.

BASIC Tigers™ deliver what developers and manufacturers
really want:

Hundreds of pre-engineered and ready-to-use functions,
device drivers for flexible I/O 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.

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

http://www.wilke-technology.com

http://www.wilke-technology.com


Digital Oscilloscopes

• 2 Channel Digital Oscilloscope
• 100 MSa/s max single shot rate
• 32K samples per channel
• Advanced Triggering
• Only 9 oz and 6.3” x 3.75” x 1.25”
• Small, Lightweight, and Portable
• Parallel Port interface to PC
• Advanced Math options
• FFT Spectrum Analyzer options

DSO-2102S $525
DSO-2102M $650
Each includes Oscilloscope,
Probes, Interface Cable, Power
Adapter, and software for
Win95/98, WinNT, Win2000
and DOS.

• 40 to 160 channels
• up to 500 MSa/s
• Variable Threshold
• 8 External Clocks
• 16 Level Triggering
• up to 512K samples/ch
• Optional Parallel Interface
• 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

www.LinkIns4.com
Link Instruments • 369 Passaic Ave • Suite 100 • Fairfield, NJ 07004 • (973) 808-8990 • Fax (973) 808-8786

Logic Analyzers

• 24 Channel Logic Analyzer
• 100MSa/S max sample rate
• Variable Threshold Voltage
• Large 128k Buffer
• Small, Lightweight and Portable
• Only 4 oz and 4.75” x 2.75” 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

All prices include Pods and Software

www.LinkIns4.com
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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

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

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

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 I/O 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

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

RESOURCES
•Portable MP3
Players

Rick Prescott
•Oscilloscopes
•Ethernet Cabling
Brant Schroeder

ASK
US

THE ENGINEERS 
TECH-HELP
RESOURCE

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. 

����������

Test Your EQ
8 Additional Questions



http://www.seetron.com
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TASK MANAGER

here are plenty of good reasons for
attending a trade show such as the

Embedded Systems Conference. There are
technical classes and tutorials, industry-expert

panel sessions that you can attend, and all kinds of new prod-
ucts being introduced by hundreds of vendors on the show
floor. But enough plagiarizing the ESC brochure, besides, as
the managing editor, I have my own agenda when it comes to
trade shows. 

My engineering ability will always take a backseat to my edit-
ing ability, so I graciously decline the opportunity to attend any
of the technical classes or tutorials. Personally, I’ve found that
the panel sessions are a little more informal and often the best
place to get the latest buzz and hear some interesting perspec-
tives. As for the vendor exhibits, there’s a reason they call it the
show floor—with everything from cheerleaders to racecars, it’s
entertaining to say the least.

My main purpose at shows like ESC is to stand at the booth
and tell long-time Circuit Cellar fans when Steve will be back at
the booth so they can meet him. (It’s April, of course I’m kid-
ding!) Seriously though, I do spend the majority of my time
tending the booth, which gives me a great opportunity to talk to
engineers who are familiar with the magazine and enjoy the
hands-on application articles and solutions that we publish
every month. 

As I’ve said in the past, engineers who read Circuit Cellar
usually make the best Circuit Cellar authors. And, asking about
their latest projects is like asking about a new baby. I’ve been
shown photos, sketches, and even a completed article manu-
script. And that’s the real reason I’m there, to find more great
projects and authors to publish in Circuit Cellar and Circuit
Cellar Online. 

Not everyone who comes by the booth remembers the days
of “Ciarcia’s Circuit Cellar” in BYTE. In the course of each trade
show, at least 10 people look at the booth and ask, “Circuit
Cellular? What’s that?” I’m often tempted to reply, “That’s what
happens when you don’t sound out your letters.” However, I’ve
read Dale Carnegie’s book, and nowhere does it recommend
sounding like a nagging kindergarten teacher in order to win
friends and get engineers to write articles.

rob.walker@circuitcellar.com

Cover photograph Ron Meadows—Meadows Marketing
PRINTED IN THE UNITED STATES

t

One for The Money…
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NEW PRODUCT NEW PRODUCT
1/4-VGA LCD MODULE

By using the latest in Tape Automated Bonding (TAB)
packaging technology, an ultra-thin LCD module has
been designed that integrates all the necessary drive elec-
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 × 240 pixel
matrix (1/4-VGA) with a pixel pitch of only 0.23 ×
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 l/240 duty,
l/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.

Edited by Rick Prescott

USB MINI TOUCHSCREEN CONTROLLERS
The TSHARC-1OUSBm and TSHARC-12USBm are two

new USB analog resistive touchscreen controller lines.
TSHARC-1OUSBm controllers support a resolution of 1024 ×
1024, making them ideal for most touch input applications.
TSHARC-12USBm controllers have a resolution of 4096 ×

Densitron Corporation 
(562) 941-5000
Fax: (562) 941-5757
www.densitron.com 

4096 for drawing, character capture, or other precision-
intensive applications. 

The controllers are HID-compliant to assure smooth
integration with OEM applications involving compact
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-
ume required.

Hampshire Company
(414) 873-4675 
Fax: (414) 873-4775
www.hampshiretouch.com

http://www.densitron.com
http://www.hampshiretouch.com
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Contact us for the 

MSP-FET430x110 development

tool for only $49 or a free

MSP430x11x1 data sheet.

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

Mixed-Signal Controllers

Join in the latest revolution: ultra-low-power Flash MCUs at ultra-low prices from 
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 TI’s expertise in
analog and digital signal processing. Its ultra-low power consumption makes the F1101 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
MSP430 devices, including the F1101, are source code compatible.

www.ti.com/sc/f1101

MSP430F1101: a 16-bit RISC 
Flash MCU for only $0.99*

MSP430 Road Map

Flash
LCD Driver

Flash

OEM ROM
LCD Driver

1998 2000 2002

Pe
rfo

rm
an

ce

� Ultra-low power consumption – 
250-µA active mode, 0.8-µA standby
mode at 2.2 V (typ.)

� Integrated analog comparator ideal for
precise mixed-signal measurement

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

� 16-bit PWM timer allows highly flexible
multichannel capture and compare

� In-system programmable Flash 
permits last-minute code changes and
field upgrades

� The MSP-FET430x110 complete
integrated development environment
available for only $49

F11
01

MSP430F1101 1 kB Flash $0.99 (10Ku)*
MSP430F1121 4 kB Flash $1.74 (10Ku)

1-800-477-8924, ask for ext. F1101 

http://www.ti.com/sc/f1101


NEWS

10 Issue 129      April 2001 CIRCUIT CELLAR® www.circuitcellar.com

NEW PRODUCT
STANDALONE SOUNDBOARD 

Totally self-contained on a 4.2” × 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

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

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 µHTML™ 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 µHTML pages that you create

The Easy GUITM Starter kit (STK-GT320) also includes our
µHTMLTM Compiler, sample HTML files, and sample images.
Plus, the onboard flash is factory programmed with µHTML
pages so you can be up and running – right out of the box!

Serial Graphics Done Right!

Ready To Integrate Into Your Product
www.AmuletTechnologies.com   (408) 244-0363©2001 Easy GUI and µHTML are Trademarks of Amulet Technologies. U.S. and Foreign Patents Pending.

Amulet Technologies
GUI Engines For Embedded Systems

http://www.AmuletTechnologies.com
http://www.eletech.com
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READ-READER

CIRCUIT CELLAR®

I/O
BRING THE HEAT

I enjoyed George Novacek’s articles relating to high temper-
ature electronics. I have been working as a field maintenance
tech in the oil field exploration sector for several years. Working
on the repair side I have seen several unique failure modes of
various electronic components. Most of the surveying instru-
ments I 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.  

I am curious to see what components you highlight as prob-
lematic at temperature, personally I 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, I 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 I 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. I 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 I 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/cm³, 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 I hope to
better understand what can go wrong at elevated temperatures.
One of the guys I 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 I 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, I 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). I 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
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ike many hard-
ware-addicted

guys, I used to read
ads presenting new and

powerful measurement equip-
ment. But, I 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
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
less than AM, FM,
PM, shaped keying,
FSK, and PSK), as
well as wobulation. In
order to support evo-

FEATURE
ARTICLE

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!

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.

I2C-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.

Robert Lacoste

DDS-GEN

Part 1: A High-Performance DDS
Generator

l

Figure 1—The I2C-MMI dedicated processor chip is a standard user interface
driver chip, controlling all the standard peripherals from an I2C bus.

Host processor

LCD display Matrix keyboard Buzzer

Rotary encoder RS-232 serial port

12C-MMI V.2.2

I2C 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
I2C-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 I2C 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 I2C-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 I2C-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 I2C-
MMI chip can be physically fitted on
a front panel PCB, communicating to
the main PCB over a simple four-wire
I2C 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 I2C-driven LED panel. [1]

I2C-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

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 I2C 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 × 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 host can send a 32-
bit number in binary for-
mat. The I2C-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.

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 I2C bus
transactions. But, it also can be con-
figured through I2C 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 I2C-MMI chip, I

was looking for a microcontroller
with the following features: low cost,
built-in I2C 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.

10

9

12

11
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7

15

5

1

20

19

17

16

14

13

3

2

18

I2C-MMI

I2C SCL

I2C SDA

Serial TX

Serial RX

Encoder A

Encoder B

X1

X2

VCC

VSS

KBD COL1

KBD COL2

KBD COL3

KBD ROW1/LCD D4

KBD ROW2/LCD D5

KBD ROW3/LCD D6

KBD ROW4/LCD D7

LCD E

LCD RS

Buzzer

Figure 2—Two pins are used to link it to the main
processor (I2C bus SCL/SDA) and all the other pins are
used for the user interface devices.

Figure 3—The I2C-MMI chip is a
slave on the I2C bus. The host
writes commands to the I2C-MMI
I2C bus address ($40 by default)
and reads the same address to
poll the I2C-MMI chip for events.
I2C-MMI returns one byte per read
transaction, so several requests
are needed for multi-byte answers.
These are the possible answers
when the host processor polls the
I2C-MMI chip.

The I2C-MMI is ready and waiting for an order or a user event.

The I2C-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).

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.

Byte 1
@ ($40)

! ($21)

Byte 1

$ ($24)

Byte 1

n
Byte 5

Byte 1 

T ($54)
Byte 2

 c

Byte 1 

R ($52)
Byte 2

 v

Byte 1 
N ($4E)

Byte 2
 n

Byte 3
n

Byte 4
n
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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

Byte 1 
R ($52) Frame end

Byte 1 
B ($42) Frame end

Byte 1 
E ($45) Frame end

Byte 1 
P ($50)

Byte 2
 c

Byte 3-7
... Frame end

Byte 1 
G ($47)

Byte 2
adr Frame end

When the chip is ready (i.e., returns "@" or "$" when polled), the following
commands can be sent to the I2C-MMI chip:

 
Clear the LCD display.

Beep!

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

 

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.

 
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.

Frame end

Byte 1 
I ($49)

Byte 2
 x Frame end

Byte 1 
O ($4F)

Byte 2
 x Frame end

Byte 5Byte 1 
'N' ($4E)

Byte 2
 n

Byte 3
n

Byte 4
n n

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

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

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)

Byte 6 Byte 7
pre post 

Figure 4—These are the different ASCII commands that can be sent to the I2C-MMI chip through the I2C bus. Before sending a new order, you must first poll the device to
check if it is ready (answer “@” or “$” to a polling request).

Figure 5—This is the I2C-MMI subsystem schematic. There
is nothing more around the dedicated microcontroller than
the user interface devices and an RS-232 driver chip. The
LCD and keyboard share the same I/O lines.
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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 µA.

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
I2C 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

I2C-MMI subsystem. Apart from the
87LPC764 chip, the only components
are a MAX-232 serial
level shifter, four
diodes to multiplex
the LCD and key-
board on the same
I/O pins, a crystal,
and some passive
components. Two
I2C connectors are
included; the first
connects the board
to the host and the

other can be used as a “throw
out” connector to easily daisy
chain several I2C 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-
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-µs timer in charge of generic
timer increments, rotary encoder pro-
cessing, and buzzer signal generation.
An I2C bus interrupt routine in charge
of command reception and polling
processing and an I2C 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-

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 × 16 LCD.

Photo 2—Here is the I2C-MMI assembled PCB. This circuit board fits directly
behind the front panel, all the active components (microcontroller, in particular)
are on the bottom.

http://www.micromint.com
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est priority is given to the I2C time-
out, then the I2C handling, then the
100-µs timer. There is one minor con-
sequence, the beep can temporarily
stop when receiving an I2C 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 I2C-MMI proj-
ect, apart from the
Philips app note, I also
found some good C
code routines for han-
dling an LCD display
on the Internet for free.
Thanks to Thorsten
Godau for this useful
TG_4bitLCD.c file
included in SDCC dis-
tribution.

The major job of the
main program is decod-
ing and executing host
orders transmitted
through the I2C bus.
The different orders
recognized by the
firmware and the possi-
ble answers from the

I2C-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 I2C-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 I2C-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 I2C-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
I2C-MMI chip until an N (new numer-
ic value available and returned) or a 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
I2C-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 0 (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
30 bytes while not
using any user RAM
for the stack.

The full source
code of the I2C-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
included in any com-
mercially sold prod-
uct. The code is full
of comments so it
should be easy to
read, keeping in
mind the global

100-µs 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.

I2C 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.

I2C timeout interrupt: 

• Reset the I2C subsystem and
flag it (flagtimerI=1).

delay

valcoder

Buzzer regs

i2crecbuf

editmode

kbdbuf

valnum

flagtimerI

Main program:

• Initialize the chip and the
peripherals.

Main loop:

• If there 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 
kbdbuf.
• If it's in Edit mode, manage the 
editing.

Figure 6—Here is the I2C-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.

Photo 3—This is the bottom of the user interface PCB. The two I2C con-
nectors are on the top left, just above the microcontroller and MAX232
chips. The buzzer is behind the LCD with the contrast pot.
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Figure 8—The 87LPC764
memory map for the I2C-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).

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 I2C slave
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 I2C 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
interface driven by an
I2C bus. Next month,
I’ll describe what is at
the other end of the
I2C bus, the master
DDS-GEN microcon-
troller (also an
87LPC764) and the

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-

Normal mode

Edit possible

Edit mode

Digit entry

Send new value to host

Last digit entered

Digit key entered

Any command received
or non-digit key entered

Any other
command received

Number displayed (N command)

Edit command received (E)

Encoder rotated

Register bank 0 Register bank 0

Register bank 1

Register bank 2

Register bank 3

Bit-addressable registers Bit-addressable registers

Free RAM memory General-purpose RAM

Stack

$00 to $07

$08 to $0F

$10 to $17

$18 to $1F

$20 to $2C
$2D to $2F

$30 to $7F

Data address 8051 Architecture I2C-MMI Usage

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

64-step encoder 
Hewlett-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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AD9852 DDS generator chip. It will
be a good occasion to discuss DDS
generators and to have some high fre-
quency headaches. Stay tuned. I

http://www.analog.com
http://www.hp.com
http://www.philips.com
http://www.microsoft.com
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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
(0Ch to 4Fh), and 64 bytes of EEP-
ROM (0h to 3Fh). It is a true RISC

www.circuitcellar.com

EPC
Applied PCs

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.

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 (RB0 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-kΩ 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 µA of current. It wakes
when any of the four upper bits in
Port B change from 0 to 1. Thus, if
the lower four bits of Port B (RB0 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 × 4
can be used. I use a 4 × 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-

David Ward

PIC This Lock

a
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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-
MHz oscillator, therefore, using
another frequency will affect
all of the delay loop timing,
tone pitches, and so on. 

All five pins on Port A (RA0
to RA4, pins 1 to 3 and 17 to
18) are configured in the soft-
ware as outputs. RA0 (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
Q1, 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-

age regulator circuitry works for the
PCB layout if you’re powering the cir-
cuit from a wall power unit rather

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

capacitors because it increases
the Sleep mode power con-
sumption from 1 to 2 µA 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 0 state
rather than a 1 condition, there-
fore RA4 always should be set
to 1 before putting the unit into
Sleep mode.

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). 

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 ×
4 keypad. It outputs to three
LEDs, a piezo speaker, and an
electro-mechanical relay. This
design utilizes all 13 I/O pins
available.

Start

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.

Is this the first-time powerup?
Does EEPROM bit 0 at

EEPROM address 0 = 0?

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

 EEPROM into RAM.
 For first-time powerup,

copy the four-digit combo from
RAM into EEPROM and set
EEPROM address 0 bit 0

to a 1.

Flash LEDs and beep 
to indicate powerup. 

Initialize interrupts and set 
Port B pins RB0 to RB3 high.

Go into Sleep mode and
wait for an interrupt.

No

Yes

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.
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Ports A and B are initialized and
then the software looks at EEPROM
address 0h 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 0h
bit 0 to a 1. During all subsequent

powerups, the program will detect a 1
at EEPROM address 0h 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-
ing subsequent powerups. 

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:

• after pressing the first key, wait to hear one beep 
• after pressing the second, wait to hear two beeps
• after pressing the third, wait to hear three beeps
• 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.

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

The unit then beeps and flashes the
LEDs to indicate a powerup condi-
tion. The keypad row pins, RB0 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
interrupted by a key hit. Note that
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Photo 2—By
mounting the key-
pad and LEDs
into the bottom of
the project case,
no bolts,
screws,or nuts are
exposed, making
the lock more
secure. However,
it also helps to
have a friend with
a CNC mill to
machine the key-
pad holes.

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. 

Figure 3 shows the interrupt servic-
ing routine, which executes whenever
a key is pressed to bring the unit out
of Sleep mode. It immediately turns
on the yellow LED for 3 s; if no other
keys are pressed during this time, the
unit will go back into Sleep mode. It
will then record the next four key-
strokes (unless there is more than 3 s
between any keystroke) and compare
them to the EEPROM combination. If
they don’t agree, the unit sounds a
low tone and turns on the red LED for
3 s, during which time no keystrokes
are accepted. If the combinations
agree, then the unit sounds three
beeps and energizes the electro-
mechanical relay and red LED. 

The unit comes up in the 1-s
Momentary mode after all powerups.
It stays in this mode until you press
the pound (“#”) key four times after a
successful combination entry to
switch to Latched mode. By the way,
all keystrokes and combinations are

stored as two separate bytes
of information in the soft-
ware, one each for the row
and column. So, when refer-
ring to certain keys such as
the pound key, it may not be
the same code for all keypads.
On my 4 × 3 keypad, the
pound key is in row four, col-
umn three, and its row infor-
mation is saved as 00001000
and its column information is
saved as 00000100. 

Figure 4 illustrates what occurs if
an asterisk (“*”), zero, or pound key is
pressed four times within 3 s of a suc-
cessful combination entry. Pressing
any key other than these after a suc-
cessful combination entry will cause
an error condition indicated by a low
tone and the red LED being on for 3 s,
during which time no keystrokes are
accepted. If the asterisk key is pressed
four times, the unit clears the variable
relay_flag bit 0, which makes the
unit operate in the 1-s Momentary

Photo 1—This is a photo of the inside of the digital lock unit. The
keypad is mounted to the bottom of a die-cast aluminum project
case and the PCB is mounted to the cover.
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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″ × 2.4″ × 1.6″. I 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. I

Author’s Note: I’d like to acknowl-
edge the help of Southern Utah
University student Nathan Jones in

CIRCUIT CELLAR®

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 0,
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. 

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
keystroke before the
unit goes back into
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
effect even after anoth-
er powerup. This poses
a problem if you forget
the new combination;

Start

Go to INTERRUPT_Timer
service routine.

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.  

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

Energize relay and red LED for 1 s. 

No

Yes

Is this a Port B
change interrupt?

Beep and turn on yellow LED.

Is the combo correct?

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

1 = Latch mode

Was a key other than
"*," "0," or "#" hit?

Error: give low beep and
turn on red LED. Loop 
here for 3 s, then exit 

and go back into
Sleep mode.

Error: give low beep
and turn on red LED.

Loop here for 3 s, then
exit and go back into

Sleep mode.

No

Yes

No

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

Yes

A
No

Yes

Figure 3—The interrupt service
routine flowchart illustrates what
happens when the unit is awak-
ened from Sleep mode by a key-
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.

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.
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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.

No

A

Was the "*" key
hit four times?

No

No

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.

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.

Yes

No

Exit and go back into Sleep mode.
No

Flash yellow LED off and on, 
change Relay _Flag to a 1

(Latched mode), exit, and go
 back into Sleep mode.

Yes

Flash yellow LED off and on, 
change Relay _Flag to zero 

(Momentary mode), and turn relay off. 
Exit and go back into Sleep mode.

Yes

Was the "#" key
hit four times?

Was the "0" key
hit four times?

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

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. 

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/er16f8
4.pdf, 1998. 

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.

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.

http://www.flat-panel.com
http://www.microchip.com
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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

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
will be only as good as your
data. There are several excel-
lent sources available. The
best and most obvious source
is your own data or the com-

FEATURE
ARTICLE

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.

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.

George Novacek

A Sure Thing

Guaranteeing 99.99999% Reliability 

o

Power

System
interface

Electronic control
unit

(ECU)
Inverter

M

Movement

Screw jack

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



Figure 2—A typi-
cal inverter can be
built with power
FETs and a control
IC, such as this
one from Texas
Instruments. Many
other ICs are avail-
able or you can
create your own
using an FPGA.
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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 10–7. In
other words, the system availability
must be better than 1 – 10–7, 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
of its torque/speed char-
acteristics, low mainte-
nance requirements, and
low EMI when compared
with DC brush commu-
tated motors.

COMPONENT
RELIABILITY

The first step will be to
identify the individual
system components and
their reliability. The most
important one is the
motor, so let’s start with
that. Unlike most elec-
tronic components, as a
result of wear, motor
instantaneous failure

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:

[1]

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

a room temperature environment
from 25°C to 30°C. For this tempera-
ture, MIL-HDBK-217 states that αB =
78,000 h and αW = 8.9 × 105 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

No movement
8.85E-5

Motor Inverter ECU Screw
jack

3.33E-7 5.48E-5 3.33E-5 4.04E-8

Power

System
interface

Electronic control
unit

(ECU)
Inverter

Power

System
interface

Electronic control
unit

(ECU)
Inverter

M
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Screw jack
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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.

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.



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
and screw jack.  
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motors, MIL-HDBK-217 shows con-
stants A = 1.9 and B = 1.1. λ1 and λ2

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 λ1 = λ2 = 0.13. And then,
plugging these values into Equation 1
results in:

[2]

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:

[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

Instruments’ integrated circuit,
TPIC43T01. 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 × 10–4 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 × 10–5.

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
MTBF into failure rate by
calculating its reciprocal.
The result equals 3.33 ×
10–5. The ECU can’t take
advantage of the duty cycle,
because it will always be
powered together with the
rest of the system.

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 × 10–7.
Fortunately, the duty cycle applicable
here will bring it down to the accept-
able 4.04 × 10–8. 

PUTTING IT TOGETHER
It’s immediately obvious that the

function cannot achieve the required
1 × 10–7 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. 
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Figure 6—The ECU is dual redundant,
as is the inverter. As a result, the single
motor system (brushless) satisfies the
specification requirement.
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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 × 10–9 failure
rate, which is reduced to 6.6 × 10–10 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

in brushless motors
because the windings
are stationary. A
search through the
RAC database reveals
that the experienced
failure rate of this kind
of motor’s bearings is
5.2 × 10–9 and the
windings are 4.87 ×
10–8. With the applica-
tion of the 33% duty
cycle, these failure
rates are reduced to
1.72 × 10–9, and 1.61 ×
10–8 respectively.

This means that the
mechanical, failure-
prone motor compo-
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 × 10–9 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-
er’s failure rate decreased
dramatically, from 5.48 ×
10–5 (using the 33% duty
cycle) to 1.34 × 10–8. How is
it possible? Consider the
simplified schematic dia-
gram in Figure 7.

The failure distribution
numbers in the RAC data-
base state that the power
FET failures are split rough-
ly 50/50 between short and
open circuit. This means
that each power semicon-
ductor device has to be
replaced with four, such
that no single failure can
prevent the inverter from
continuing to function. 

So, while you can achieve the need-
ed failure rate of 1.34 × 10–8, 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-

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 8—This configuration saves 12 power drivers and requires a
second set of stator windings.
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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. I

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.

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.

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

No movement
4.99E-8

Coils Inverter ECU

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

Coils Inverter ECU

1.61E-8 5.48E-6 3.33E-5

Mechanical
failure

Mechanical
failure

Motor bearing Screw jack

Two windings

8.81E-5 8.81E-5

7.76E-9

1.72E-9 4.04E-8

Figure 9—The FTA shows the failure distribution of the two-windings configura-
tion in Figure 8.
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n my Circuit
Cellar article pub-

lished last November,
I described some applica-

tions of pseudo-random number (PN)
sequences. [1] I explained how to gen-
erate them with hardware and alluded
to using microcontrollers as PN
sequence generators. I’d like to
expand on the latter idea this month
and introduce a single-chip program-
mable PN generator. 

A single-chip programmable PN
generator uses a Microchip PIC16C54
18-pin microcontroller to generate
many different PN sequence lengths.
You can use this device as a binary
test source, audio noise generator, or
data encoder. Four of the
chip’s output pins provide
the PN sequence, bit
clock, frame synchroniza-
tion pulse, and byte clock.
The latter can load 8-bit
random numbers into a
DAC with the help of an
external shift register.
The output bit rate is 0.01
of the clock frequency and

CIRCUIT CELLAR®
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Picking up where he
left off last November,
Tom takes us through
the process of con-
structing a psuedo-
random number gen-
erator, using only one
chip, one crystal, and
one selector switch.
There are multiple
uses for a program-
mable PN generator,
and he’ll show you
those, too.

can be set by a crystal or an external
source. The raw PN generator is
shown in Figure 1.

My first draft of the design generat-
ed 16 sequences having lengths from
7 to 8,388,607 bits (223 – 1), but later
that changed. Now you have the
option of either a byte clock output or
a data modulation input. The maxi-
mum sequence length extends to
2,147,483,647 (231 – 1) but there is a
smaller choice of lengths.

THE GENERATOR CODE
In my previous article, I gave a frag-

ment of code that generates sequences
whose shift registers had fewer than
16 bits. Because this code uses bit test
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
type of program that you can use. One
uses a single code loop with variable
parameters. In this case, these would
set the shift register length and the
tap positions. The other approach
says, hey, I only have a few cases to
consider, let’s give each one its own
dedicated loop.

Which solution you choose depends
on whether or not there is program
memory space for all the loops and
whether or not a single multifunction
loop is significantly longer than a ded-
icated loop. Bear in mind that the
multi-loop solution needs room for
both the start-up code and the code
that reads your input and selects
which loop to execute. 

Tom Napier

i

A Single-Chip PN
Sequence Generator

Figure 1—Generating a binary PN
sequence takes one chip, a crystal,
and a length selector switch.
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So, how many dedicated
loops can you shoehorn into
the 512 instructions of the
’16C54? 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
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
bit in the sequence, test for
the sync state, and check for
a new user input. If you
want patterns up to 223 – 1 bits long,
you need to shift three bytes; four
bytes allow sequences up to 231 – 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

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

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

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
via the carry bit as you
shift from left to right. You
have to exclusive-OR a
“tap” bit with a “top” bit
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

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 X X X X

Sync pattern

Shift direction

Unwanted

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Sync pattern

Shift direction

0

Figure 2a—A conventional PN shift register can be rearranged like (b) to simplify
detecting the synchronization state.

a)

b)
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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

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 0 (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-

Listing 1—This loop, which generates a 223 – 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 ;Spare instruction
INCF COUNT,1 ;Step byte count
MOVLW 1 ;Identify top bit
BTFSC HIGH,3 ;Check tap bit
XORWF LOW,1 ;Do ex-OR if it's a one
BCF STATUS,0 ;Clear carry
RRF HIGH,1 ;Start shifting 24 bits
RRF MID,1
BSF PORTB,1 ;Raise bit clock
RRF LOW,1
BTFSC STATUS,0 ;Test carry bit
BSF HIGH,6 ;Input to shift register
DECF LOW,0 ;Test for 1 state
IORWF MID,0 ;Test for 0 state
IORWF HIGH,0 ;Test for 0 state
MOVF STATUS,0 ;Status word to W
ANDLW 5 ;Select carry and zero bits
BTFSC COUNT,2 ;Test byte clock counter
IORLW 3 ;Set byte clock output bit
MOVWF PORTB ;Output data, sync and clock
MOVF PORTA,0 ;Get user's selection
XORWF USER,0 ;Test for change
BTFSC STATUS,2 ;Skip if change
GOTO L23 ;Repeat loop
GOTO NEW ;Get new user input

http://www.fbijobs.com
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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

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

0 10 20 30 40 50 60 70 80 ms

Input pulse Output
pulse

Figure 3—As its response to a 5-µs
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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the filter bandwidth. Figure 3 shows
the result, a single 5-µs bit ends up
about 80-µs long. Because no energy is
lost, the amplitude falls to about 650-
mV 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 220 –
1 sequence is adequate, it repeats
about every 5 s. The 231 – 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

SOFTWARE
The code is available on the
Circuit Cellar web site.
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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 TL082 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

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.
Its DC gain is 0.667.

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. I

http://www.microchip.com
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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
for programming
and erasing.
Programming
microcontrollers
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
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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.

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-

Noel Rios

Flash Gang Programmer
for Microcontrollers

f

Control gate

Floating gate

Tunnel oxide

N+ Source N+ Drain

P Substrate

Control gate

Floating gate

Tunnel oxide

N+ Source N+ Drain

P Substrate

EPROM cell Flash memory cell

N– 

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

memory device. These are the busy
status pin, data polling on DQ7, and
toggle bit on DQ6. If the output sta-
tus of the busy status pin is high,
then the device is ready. If the output
status is low, the device is busy.

time out the
programming
and erase pulses
and ensure the
proper cell mar-
gin. The system
only writes the
proper setup
command; the
device’s inter-
nal state
machine does
the rest. 

For single-power supply devices, the
programming and setup commands
are a JEDEC standard. Flash memory
devices also provide hardware meth-
ods to indicate the completion of pro-
gramming or erasure of the flash

Figure 2—The ’89C51
microcontroller con-
tains 4 KB of flash
memory, which can be
programmed using the
gadget featured.

Figure 3—The seven duplicate microcontrollers are wired in parallel except for their ENABLE signals some signals (pin 28) and VCC pins (pin 40).
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Figure 3–continued
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when the operation is
complete. While eras-
ing, successive read
cycles at any address
cause DQ6 to toggle.
DQ6 stops toggling
when the erase opera-
tion is complete.

Like their EEPROM
counterparts, flash
memory devices have
a limited number of
write/erase cycles
they can withstand
without failure. The
reason for this is
charge trapping in the
tunnel oxide. This
introduces a term
called endurance.
Endurance is a meas-
ure of the number of
programming/erase

cycles that a flash memory array can
achieve while retaining data integrity. 

Today, the industry standard is a
minimum guaranteed of 100,000
endurance cycles. In many cases, you

While a programming operation is
in progress, the device outputs the
complement of the value programmed
to DQ7 for data polling. During an
erase operation, data polling produces

a 0 on DQ7. When the erase operation
is complete, data polling produces a 1
on DQ7. For the toggle bit on DQ6,
successive read cycles at any address
cause it to toggle. DQ6 stops toggling

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

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-

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
VCC 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 U1. One I/O line controls
the VPP circuitry composed of U1, Q1,
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 VPP pin. So, controller U1 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 U1 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. 

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.

480-837-5200 / fax: 480-837-5300 / info@embeddedx86.com

www.embeddedx86.com
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C13 also acts as a filter and absorbs
some transient that may appear at the
output of the regulator. U11 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
P0. 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 U1.
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, 74HC08 (U8C),
is used to latch the address to U5
without using the MOVX instruction.
A simple write to Port P0 is used, and
then Port P1.2 (labeled “latch”)
applies a signal to latch the address
appearing at Port P0. 

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

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 P0.
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

http://www.lemosint.com
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you have them (see Photo 1). Before
inserting the ICs, check for the pres-
ence of 5 V on the VCC 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 VPP) on the
duplicate microcontrollers. Pull con-
troller U1 from its socket so that the
programming voltage appears on the
VPP 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 VPP 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 VCC 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

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 U1.

If VPP (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 U1 to see if it’s wired to
VCC (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

Mode RST /PSEN ALE/PROG EA/VPP P2.6 P2.7 P3.6 P3.7

Write code data H L Pulse 12 V L H H H
Read code data H L H H L L H H
Chip erase H L Pulse 12 V 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. 

http://www.industrologic.com
http://www.jrkerr.com
http://www.midwestmicro-tek.com
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the device is to replicate up to seven
microcontrollers simultaneously from
a master device. 

CONCLUSION
The flash memory microcontroller

gang programmer can program up to
seven flash microcontrollers at once.
It has been tested with Atmel’s
AT89C51 and AT89C52s with good
results. And, the circuit can be modi-
fied to accommodate microcontrollers
from different manufacturers. But, it

is important to note that AT89C51
and AT89C52 contain embedded algo-
rithms, which simplified the program-
mer’s firmware. So, if you’re going to
modify the circuit, you may need to
modify the firmware. I

Noel Rios is an electronics and com-
munications engineer. He has worked
with semiconductor and electronics
companies like Microcircuits, IMI,
Allegro, and ASTEC. His interests
include computers, embedded con-

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

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.

SOURCES
AT89C51, AT89C52 flash 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

trol, power conversion, test & meas-
urement, and GPIB control. He can
be reached at narios@philonline.com
or nar@edsamail.com.ph.
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http://www.atmel.com
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NOUVEAU
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″ × 2.6″ × 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 
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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-

REMOTE HEAD CAMERA
The new CV-M535E is equipped with a 16.4′ cable con-

necting the remote head to the camera control unit (CCU).
The unit has a remote
head that measures
approximately 0.5″ in
diameter and 2″ in
length.

The compact head
design incorporates a
l/3″ interlaced scan,
monochrome CCD sen-
sor with 768 × 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. 

In addition, the camera is equipped with asynchro-
nous, random trigger capability (external trigger)

enabling image capture con-
trol from an external switch
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 

http://www.onsetcomp.com
http://www.jai.com


http://www.labcenter-electronics.com


http://www.microchip.com
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NOUVEAUPC
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
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 l-0847 
www.kollmorgen.com
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� Part Master, BOMs, Purchase Orders, Work
Orders, Sales Orders, Receiving, Invoicing,
Stockroom, Address Book,
and Security Modules

� Integrated inventory and
manufacturing control

� Affordable

� Multi-user

�����

http://www.kollmorgen.com
http://www.xelosproducts.com
http://www.star.net/people/~mvs
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ou saw it in
Circuit Cellar’s

Nouveau PC section.
It was touted as the most

direct way to get an embedded prod-
uct to market with minimum cost
and effort. Everything an embedded
PC could offer in a single, inexpen-
sive, highly integrated package was
there, and then some. In effect, this
was the working embedded engineer’s
single-board computer. At the time, it
seemed so simple and yet so power-
ful, and it was cheap. I wanted to
know more about it and I figured you
would, too. So, here’s the skinny on
that unassuming workingman’s board
you see in Photo 1, the Arcom SBC-
386EX-S.

HIGH EXPLOSIVE
SBC

Ever see the war
stories in movies
where the under-
ground agent puts
what seems to be
just a little bit of
plastic explosive on
a bridge support?
Did you ever ques-
tion why the whole
bridge goes up in

www.circuitcellar.com

EPC
Applied PCs

splinters when he or she triggers the
explosive play dough? Well, if you dis-
count the fact that it was done in
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. 

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
out of the box loaded with a custom-
fit RTOS and a sidekick TCP/IP
stack. And, it costs less than $200 in
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
battery-backed SRAM variant of the
SBC-386EX that comes with the SDK.

Everyone knows that, to me,
Ethernet is the heavyweight of net-
working, and I’m sure the designers of
the SBC-386EX-S have been tuned
into my embedded articles, because
the SBC-386EX-S includes onboard
Ethernet in the form of Realtek’s
RTL8019AS Ethernet engine. If the
’8019 is not immediately familiar to
you, check out an earlier article  I
wrote as part of my Rabbit series,
“The Wonderful World of TCP/IP”
(Circuit Cellar 125). The presence of
the RTL8019 makes the SBC-386EX-S
NE2000-compatible. The SBC-386EX-
S’s Ethernet support is configured for

Fred Eady

Just Like in the Movies

y

Working with SBC-386EX-S

Figure 1—This “stack” comes pre-loaded on the SBC-386EX-S.
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Taking a tip from a
reputable source, Fred
decided to go behind
the scenes to find out
if Arcom’s SBC-
386EX-S was going to
be the box-office
blockbuster that it
looked like. With a
great supporting cast
of features and docu-
mentation, there’s seri-
ous star potential here.
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10BaseT operation, as the
RJ-45 female jack implies.
Three serial ports, two
implemented as integrated
16C450 UARTS and one
with a 16C550 UART, are
standard equipment on the
SBC-386EX-S. Of course,
the serial ports support
RS-232/422/485.

To round out the sys-
tem, Dallas Semiconduc-
tor was kind enough to
provide an RTC in its
onboard DS1302 RTC IC.
And to keep the SBC-
386EX-S personal, a Dallas
Semiconductor unique ID
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.

C4 ON CD
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

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
or be blown to
bits along with
the bridge. The
same holds true
for the SBC-
386EX-S, but in
a different con-
text. The SBC-
386EX-S can be
remotely
debugged using
a Paradigm

debugger. The blasting
cap in this remote
debugging effort is
supplied by hardware
from Zilog and Maxim
in the form of an SVIF
board, which is
included with the
SDK. The SVIF board
in Photo 2 is based on
Zilog’s Z85C30 CMOS
serial communication
controller. Basically,
the Z85C30 provides a
UART interface with
interrupts to the SBC-
386EX-S. Maxim pro-
vides the RS-232 con-

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

880-KB DRAM

0x00000 0xE0000 0xFFFFF

1-MB
Flash memory

0xDC000

16-KB SRAM
Page 0

16-KB SRAM
Page 1

128-KB 
Flash memory

Page 0
128-KB 

Flash memory
Page 1

16-KB SRAM
Page 2

16-KB SRAM
Page 31

128-KB
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Page 2
128-KB
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Page 3
128-KB

Flash memory
Page 4
128-KB

Flash memory
Page 5
128-KB

Flash memory
Page 6
128-KB

Flash memory
Page 7
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SRAMCS0

CS2

UCS

386ex

CSU

Figure 2—This
couldn’t happen with-
out the chip select
unit.

1-MB 16-bit
Logical mapping

0x00000 0xE0000 0xFC0000xDC000

16-KB
SRAM
window

Paradigm
Remote
Debug

880-KB Application/data

128-KB  Flash memory
Page 7

Page 6
Page 5

Page 1
Page 0

896-KB
Flash
File

System

Mini-
Monitor

Figure 3—The idea here is to allow you
to reuse the debug code in the final
spin.
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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-

S hardware, soft-
ware, or
firmware, it’s on
CD-ROM.

MORE NITRO
Shifting from

WWII movies to
Hollywood west-
erns, you see lots
of explosive
“experts” wearing
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-ROMs 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. COM1 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-

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 0xFFFFF.

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 0xFFFF0. 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
0xDC000 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 0xFFFFF. This provides a 128-
KB chuck for flash memory access.
The UCS and CS2 signals have a
higher priority than the CS0 signal. 

So, all that’s left to do is define the
DRAM using CS0. 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

1-MB 16-bit
Logical mapping

0x00000
0xE0000 0xFC0000xDC000

16-KB
SRAM
window

880-KB Application/data

128-KB Flash memory
Page 7
Page 6
Page 5

Page 1
Page 0

896-KB
Flash
File

System

Mini-
Monitor

Boot
loader

Figure 4—In this scenario, the boot
loader is smart enough to allow you to
recover if the executable cannot be
located in the flash memory.
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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,

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
downloaded. Photo 2—Plug it in and debug. Unplug it and run.

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

http://nt5-stats.localweb.com:88/55?click&circuitcellar.com&3aaf93d1
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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
and place it on the desktop.
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
play. Selecting the
Memory tab, max
out the conven-

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

Photo 3—I pressed “H” to bring up the
command summary.

Photo 4—Sometimes it’s
the purely simple things that
matter.

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

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

RTL8019AS
Realtek Semiconductors Corp.
886-3-578-0211
Fax: 886-3-577-6047
www.realtek.com

TCP/IP stack
Treck, Inc. 
(800) 340-6648
Fax: (513) 688-0993
www.treck.com

SuperTask! RTOS 
United States Software Corp.
(503) 844-6614
Fax: (503) 844-6480
www.ussw.com

Z85C30 CMOS
Zilog, Inc.
(408) 558-8500
Fax: (408) 558-8300
www.zilog.com

Fred Eady has more than 20 years of
experience as a systems engineer. He
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.

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

5.02 C compiler 
Borland Software Corp.
(831) 431-1000
www.inprise.com

DS1302 RTC IC
Dallas Semiconductor Corp. 
(972) 371-4000
Fax: (972) 371-3715
www.dalsemi.com

’386EX
Intel Corp.
(408) 765-8080
Fax: (408) 765-9904
www.intel.com

Software Development Kit
Datalight Inc.
(425) 951-8086
Fax: (425) 951-8095
www.datalight.com

SVIF board
Maxim Integrated Products 
(408) 737-7600
Fax: (408) 737-7194
www.maxim-ic.com

386EX-S. I’ve covered the basics in
this installment, and next time I’ll
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
internetworking.

As you can see, the engineers at
Arcom have gone to great lengths to
provide a ready-to-roll embedded
development environment. I guess
they feel as I do, that it doesn’t have
to be complicated to be embedded. I
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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
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
enough to be easily visi-
ble in daylight, particu-

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

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

Ed Nisley

Have You Seen the
Light?

r

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.

ABOVE THE
GROUND
PLANE



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-
sitic resistance of the
inductor plus the inter-
nal resistance behind the
LX pin. According to the
datasheets, the total
resistance is about 1.5 Ω,

giving an L/R time constant of 30 µs.
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

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-µH inductor (the small black
circle at the top of the circuit board in
Photo 1); C2, a 10-µF tantalum capaci-
tor; and D2, a Schottky diode.

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

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.

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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500-mA maximum rating toward the
12-V/0.6-Ω 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 1.5 V,
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-

mum LED volt-
age of 20.5 V.
The resistor
sees 3.5 V, so
80 mA means
44 Ω. 

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

So, to get 100 mA, you’d use a 12-Ω
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″ × 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-Ω resistor
to get 100 mA and a 24-Ω 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

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:

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. 
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With the circuit ringing at about
1.8 MHz and L = 47 µH, 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″2 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 pF.

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.

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! I

Figure 4—The voltage
at LX rings like a bell
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.

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 
www.maxim-ic.com

Press-n-Peel blue resist masking
film
Techniks, Inc.
www.maxim-ic.com

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. 

ALL

ELECT R ONICS
C O R P O R A T I O N

1-800-826-5432
ORDER TOLL FREE

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 
to change without notice.

MAIL ORDERS TO:
ALL ELECTRONICS

CORPORATION
P.O. Box 567

Van Nuys, CA 91408
FAX (818)781-2653

e-mail   allcorp@allcorp.com

CALL, WRITE

FAX or E-MAIL

for our FREE
96 Page

CATALOG
Outside the U.S.A.

send $3.00 postage.

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.
1500 pieces 35¢ ea.for $150

Philips # 25733.  
New, recharge-
able pack 
manufactured for 
cell phones.  Contains 
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
your needs.    
CAT# NMH-53 

10 for
$17.50

cut-away 
view

Nickel-Metal Hydride 4.8V
850 mAh Battery Pack

$200
each

2
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  

$350
each

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

Halogen Display Lamp

$450
each10 for $37.50

http://www.sharpmeg.com
http://www.maxim-ic.com
http://www.maxim-ic.com
http://www.allelectronics.com


70 Issue 129         April 2001 CIRCUIT CELLAR® www.circuitcellar.com

ost of you have
probably received a

toy gyroscope as a gift
at some point. I 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

FROM THE
BENCH

Yet
another
column
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.

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 x, 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

Jeff Bachiochi

See Through the FOG
Using Fixed-Point
Calculations
Fiber Optic Gyros

m

Value Meaning in bits Meaning in degrees

7FFF 32767 bits change counterclockwise 2.9981805° maximum in 100 ms
0001 1 bit changes counterclockwise 0.0000915°
0000 No change No change
FFFF 1 bit changes clockwise –0.0000915°
8000 32768 bits change clockwise –2.998272° maximum in 100 ms

Table 1—This is how
the rate value corre-
sponds to an angle in
degrees.



www.circuitcellar.com CIRCUIT CELLAR®
Issue 129        April 2001   71

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 µs/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.

If this rate is converted to degrees
and the maximum number is 360 (or
359.99), you’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 (D693A3FF),
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
hold the informa-
tion you are inter-
ested in. It’s just as
easy to grab them
all. When all the

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

Character number Character data Where

1 ‘1’ X7 X6 X5 X4 X3 X2 X1 X7–X0 is a byte of checksum data
2 ‘0’ X0 B15 B14 B13 B12 B11 B10 B15–B0 is a word of built-in test data
3 ‘0’ B9 B8 B7 B6 B5 B4 B3
4 ‘0’ B2 B1 B0 C7 C6 C5 C4 C7–C0 is a byte of odometer data
5 ‘0’ C3 C2 C1 C0 T7 T6 T5 T7–T0 is a byte of temperature data 
6 ‘0’ T4 T3 T2 T1 T0 R15 R14 R15–R0 is a word of rate data
7 ‘0’ R13 R12 R11 R10 R9 R8 R7 
8 ‘0’ R6 R5 R4 R3 R2 R1 R0

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

Temperature data format Where

‘1’ CT6 CT5 CT4 CT3 CT2 CT1 CT0 CT11–CT0 is a 12-bit signed 
‘0’ ‘0’ ‘0’ CT11 CT10 CT9 CT8 CT7 value of Celsius temperature

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
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-

ues, so this throws a monkey wrench
into the works. If you break down
100,000 into pieces, one possible solu-
tion is 16 × 250 × 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 DBB9Fh. 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

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

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.

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.
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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-

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. 

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.

http://www.adv-transdata.com
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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). I

SOURCES
E-Core 2000 Fiber Optic Gyro
KVH Industries, Inc.
(401) 847-3327
Fax: (401) 849-0045
www.kvh.com

PicBasic Pro
microEngineering Labs, Inc.
(719) 520-5323
Fax: (719) 520-1867
www.melabs.com

BPI-216 2 × 16 character serial LCD
Scott Edwards Electronics, Inc.
(520) 459-4802
www.seetron.com

16F873 CMOS microcontroller
Microchip Technology
(602) 786-7200
www.microchip.com

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.

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 × 0.0000915°/bit × 10
samples/s × 60 s/min. × 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

Value of Celsius temperature Meaning of value Actual temperature

07FF 127 × 0.05 102.35°C
0001 1 × 0.05 0.005°C
0000 0 × 0.05 0°C
0FFF –1 × 0.05 –0.005°C
0800 –128 × 0.05 –102.4°C

Table 4—The potential
span exceeds the –40°C
to 75°C maximum operat-
ing temperature.

AD422 (Requires 9VDC) $79.00
AD422-1 for 110VAC 89.00
AD422L  signal powered 84.00

ADA485 (requires 9VDC) $79.00
ADA485-1 for 110VAC 89.00
ADA485L  signal powered 84.00

CMC’s low cost converters adapt any
RS232 port for RS422 or RS485
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
data transmission distances up to 5000
feet. Two AD422s can be used to extend
any RS232 link up to 5000 feet.
Completely transparent to the system;
no software changes of any type are
necessary.

RS232/RS422/RS485 Converters

• Converts an RS232 port for
use with RS422 or RS485
devices

• Supports up to 40 RS485 or
RS422 multidrop devices

• Adds multidrop capability to
RS232 devices

• Automatically determines
data direction.

RS232 TO RS485
4 wire

• Makes your RS232 port an
RS485 port

• Supports up to 40 RS485
devices

• Automatically determines
data direction.

• Signal powered version
available

RS232 TO RS485
2 wire

ADA425 (requires 9VDC)    $89.00
ADA425-1 for 110VAC          99.00

Mention this ad when you order and deduct 5%
Use Visa, Mastercard or company purchase order

WWW.2CMC.COM       Fax:(203)775-4595

 code
CC83

PO BOX 186, Brookfield,CT 06804 (203)740-9890
Connecticut microComputer, Inc.

• Converts bi-directionally
between RS232 and RS422

• Use as a short haul modem
• Plug in and go. No software

changes required

RS232 TO RS422

http://www.kvh.com
http://www.melabs.com
http://www.seetron.com
http://www.microchip.com
http://www.cermetek.com
http://www.2cmc.com
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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, à 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.

SILICON
UPDATE

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. 

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° C), 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 I2C.

Besides communication, on the
control side of the equation the ’9S12
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). 

Tom Cantrell

Motor City MCU

d
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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.,

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-

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 STAR12 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 × 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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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.
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(INX, DEX, INY, DEY) on the ’HC11
do affect the status register (Z flag), so
they are retained on the ’HC12 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 ’HC11 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

discouraged) practice of
accessing the stack via
absolute addressing.

Another stack issue is
alignment. As a 16-bit
machine with nine bytes to
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
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 STAR12
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

7 A 0 7 B 0

15 0D

15 0IX

15 0IY

15 0SP

15 0PC

S X H I N Z V C Condition code register

Carry
Overflow
Zero
Negative
IRQ Interrupt mask (disable)
Half-carry for BCD arithmetic
XIRQ Interrupt mask (disable)
Stop disable (ignore stop opcodes)

8-bit Accumulators
A and B or

16-bit double
acccumulator D

Index register X

Index register Y

Stack pointer

Program counter

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.

Flash Memory RAM EEPROM Package Device CAN J1850 SCI SPI IIC A/D PWM I/O

256 KB 12 KB 4 KB 112LQFP DP256 5 0 2 3 1 2/16 8 39
DQ256 4 0 2 3 1 2/16 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 8 KB 2 KB 112LQFP DT128 3 0 2 2 1 2/16 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 2 KB 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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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

CIRCUIT CELLAR®

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. 

Photo 1—Synthesis gets real and the ’9S12 comes to
life. One of the benefits is fabrication portability, as wit-
nessed by the fact that initial production is coming
from TSMC.

Figure 3—Motorola
was one of the first
companies to incorpo-
rate PLLs in MCUs to
address the need to
extract more mega-
hertz from low-cost,
reliable crystals. The
’9S12 keeps up with
the latest trend with
an on-chip oscillator
to back up the exter-
nal clock source.

EXTAL

XTAL

Reduced
consumption

oscillator

OSCLK

Crystal
monitor

REFDV <3:0> 

Reference
programmable

divider

Reference
Lock

detectorFeedback Lock

PDET
Phase

detector

Loop
programmable

divider

SYN <5:0>

VCOCPUMP

VDDPLL/VSSPLL

Up

Down

XFC
PAD

PLLCLK

VDDPLL

Loop
filter
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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

mandatory.
There’s no
feeling worse
than chasing
after an
unknown
bug, only to
find it wasn’t
unknown;
kind of like
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.

Instruction Math operation M68HC11 STAR12 
mnemonic 1 cycle = 250 ns 1 cycle = 40 ns

MUL 8 × 8 = 16 (signed) 10 cycles 1 cycle
EMUL 16 × 16 = 32 (unsigned) 3 cycles 
EMULS 16 × 16 = 32 (signed) 3 cycles 
IDIV 16 ÷ 16 = 16 (unsigned) 41 cycles 12 cycles 
FDIV 16 ÷ 16 = 16 (fractional) 41 cycles 12 cycles 
EDIV 32 ÷ 16 = 16 (unsigned) 11 cycles 
EDIVS 32 ÷ 16 = 16 (signed) 12 cycles 
IDIVS 16 ÷ 16 = 16 (signed) 12 cycles 
EMACS 16 × 16 = 32 (signed MAC) 12 cycles

per iteration

Table 2—Ironically, the ’9S12 is a true 25-MIPS machine when it comes to doing multipli-
cations that are as fast as NOPs!

They know the right
BIOS is key to the

success of embedded
designs—and configurability
is key to the right BIOS.

That’s why AMD, Intel,
and STMicro ship General
Software’s Embedded BIOS
pre-installed on their
embedded platform evalua-
tion boards.

With over 400 configura-
tion options, Embedded
BIOS offers the advanced
configurability you need to
run your custom target
environment without editing
the core BIOS source code.

Contact us today for
detailed information and a
free sample BIOS binary for
your standard
reference
design.

What do the leading silicon
vendors know about BIOS?

© 2000 General Software, Inc. All rights reserved.

Embedded BIOS™

ADAPTATION KIT:
Full source code automatically
configured with over 400 para-
meters using BIOStart™ expert
system
CORE BIOS FEATURES:
ROM/RAM/Flash disks, Setup
system, console re-direction,
manufacturing mode, WinCE
loader, configurable PCI, inte-
grated debugger, modular callouts
to chipset, board, and CPU-level
modules
CHIPSETS:
ALI—Aladdin V, Finali
AMD—186, SC300, SC400, SC520
INTEL—386EX, 430HX/TX,
               440BX, 810, 840
NSC—Geode GXm, GXlv
ServerWorks—ServerSet III HE/LE
STMicroelectronics—STPC family

IDEAL FOR:
Windows 95/98/CE/NT
Embedded, Linux, DOS, and all
x86-based operating systems

www.gensw.com •sales@gensw.com • 800-850-5755 • 425-454-5755

480-837-5200 / fax: 480-837-5300 / info@embeddedx86.com

www.embeddedx86.com

http://www.gensw.com
http://www.embeddedx86.com
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What’s your EQ?—The answers
and 4 additional questions and
answers are posted at 
www.circuitcellar.com
You may contact the quizmasters
at eq@circuitcellar.com

8 more EQ

questions 

each month in

Circuit Cellar Online

see pg. 4

+

–

15 - 20V
Supply 10V

Zener

Rs = 40 ohm

Load

Max. Current
= 100mA
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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
0s 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 ’HC12 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, I’d 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 ’9S12, the
only limit is our imagination, which
means there are no limits. Don’t you
just love this business? I

SOURCE
MC9S12D MCU, '9S12, J1850,
STAR12, 68HCx
Motorola, Inc.
Semiconductor Products Sector 
(847) 576-5000
Fax: (847) 576-5372
www.mot-sps.com

tom.cantrell@circuitcellar.com.

REFERENCE
[1] Motorola, Inc., "Mask Set Errata
1: PC9S12DP256 Microcontroller
Unit," rev. 5, 0K36N,  November
21, 2000.

Tom Cantrell has been working on
chip, board, and systems design and
marketing for several years. You may
reach him by e-mail at

Want more of the news
from Silicon Valley?
Be sure to check out Tom’s Silicon

Update Online column each month in
Circuit Cellar Online, where you get

free access to more great Circuit Cellar
articles. Only at

www.chipcenter.com/circuitcellar

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? 

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. 
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� Insert-ready sub-mini SBCs (small as 47x55 mm.) supporting the
Philips 8xC5918xC5918xC5918xC5918xC591, 89C51Rx289C51Rx289C51Rx289C51Rx289C51Rx2, XACxXACxXACxXACxXACx, XAGxXAGxXAGxXAGxXAGx, Infineon C167CxC167CxC167CxC167CxC167Cx,
Motorola MPC555MPC555MPC555MPC555MPC555 & ST Microelectronic  ST10F168ST10F168ST10F168ST10F168ST10F168

� Low EMI designLow EMI designLow EMI designLow EMI designLow EMI design achieved via GND circuitry, 6 to 8 layer PCB, by-
pass capacitor grid and short signal traces achieved via small
footprint and use of 0402 SMD passive components

�     32 KB to 8 MB external SRAM & Flash (controller-dependent)
� FlashTools enable on-board in-system (ISP) programming
� RS-232, RS-485, I2C & CAN interfaces; 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

� Available in Rapid Development KitsRapid Development KitsRapid Development KitsRapid Development KitsRapid Development Kits including Development Board,
AC adapter, serial cable and SPECTRUM CD with eval software tools
(Keil, TASKING), FlashTools, electronic documentation and demos

www.phytec.com

phyCORE Modules:phyCORE Modules:phyCORE Modules:phyCORE Modules:phyCORE Modules:
NEW GENERANEW GENERANEW GENERANEW GENERANEW GENERATIONTIONTIONTIONTION
SINGLE BOARD COMPUTERSSINGLE BOARD COMPUTERSSINGLE BOARD COMPUTERSSINGLE BOARD COMPUTERSSINGLE BOARD COMPUTERS

PHYTEC America LLC  PHYTEC America LLC  PHYTEC America LLC  PHYTEC America LLC  PHYTEC America LLC  �  255 Ericksen Avenue  �  Bainbridge Island, WA  �  USA 98110

(800) 278-9913

IDEA BOX
THE DIRECTORY OF PRODUCTS AND SERVICES

AD FORMAT: Advertisers must furnish digital submission sheet and digital files that meet the specifications on the digital submission sheet. 
ALL TEXT AND OTHER ELEMENTS MUST FIT WITHIN A 2″″ ×× 3″″ FORMAT. Call for current rate and deadline information. Send your disk and digital submis-
sion sheet to: IDEA BOX, Circuit Cellar, 4 Park Street, Vernon, CT 06066 or email kc@circuitcellar.com. For more information call Kevin Dows at (860) 872-3064. 

Suppliers Directory now available online. Check out our web site 
www.circuitcellar.com to see who has what and how to get it!
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http://www.sq-1.com
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Scottsdale, Arizona
Ph: 480.998.3503
Fx: 480.998.3504

0 - 24 MΩ range
1Ω resolution
± 1Ω up to 1 kΩ
± .1% 1 kΩ - 24 MΩ

PATENT PENDING

ohmSOURCE

Resistance Substitution Device

Order
on-line for
FREE shipping!

decadebox.com
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Learn PICmicro® Assembly

PIC and PICmicro are registered trademarks of Michrochip
Technology Inc. in the USA and other countries.

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
systems
from $349.

172 Harvard Road
Waterloo, ON, N2J 3V3
Canada
519.886.4462
519.886.4253(fax)

www.siriusmicro.com

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 EEPROMs,
  2 servo outputs, IR receiver, & in-circuit programming port

http://www.hvwtech.com
http://www.ccsinfo.com/picc.html
http://www.abilitysystems.com
http://www.ontrak.net
http://www.hathawayhite.com
http://nt5-stats.localweb.com:88/55?click&circuitcellar.com&3aaf94e0
http://www.smthcircuits.bc.ca
http://www.siriusmicro.com
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Got Dial Tone?

RING-IT! TELCO SIMULATOR

• Caller-ID
• LED display
• Audio Output Jack
• Real 20Hz Ring
• $325 ($169.95 kit avail)

Telecom Hardware/Software Developers
STOP using your phone lines to test and demonstrate
your telecom devices. Our affordable telephone line
simulators offer authentic USA dial tone, busy signals
and ringing. Supports high speed analog modems too!

PARTY-LINE TELCO SIMULATOR

• Six Extensions
• Caller-ID
• Distinctive Ringing
• CPC Disconnect
• $425 ($199.95 kit avail)

Digital Products

134 Windstar Circle
Folsom, CA 95630 USA

Tel: 916-985-7219
Fax: 916-985-8460

http://www.digitalproductsco.com

For acquisition and control of digital and analog signals.

High speed Serial Port Interface
24 digital I/O (TTL compatible)
11 Analog Channels with 12 bit ADC
4 channels with signal conditioning
Embedded stepper motor controller
32 bit DLL

Control up to 16 stepper motors simultaneously
using a  “SINGLE SERIAL PORT”.

Up to 8500 Steps/sec with linear Accel/Decel.
Chopper driver up to 48V/2A for 4,5or 6 wire motors.
Software Winding Current Setup.
Shaft encoder input , external driver capabilities.
Internal FIFO for linear, cubic or spline Interpolation.
24 digital I/O,2 SPI, 11 analog channels on-board.
32 bit DLL with examples in VC++,VBasic and Delphi.

ST400-NT

��������          ������          	�
����

SPORT232

Less than US$100/axis!

9 Channel Data
Loggers from
US$400. Ask us, or
visit our web site.

Control up to 16 stepper motors simultaneously
using a  “

DATA ACQUISITION & CONTROL
 

RMV Electronics Inc.
230-2250 Boundary Rd.
Burnaby, BC, Canada V5M 3Z3
Tel:  (604) 299-5173  Fax: (604) 299-5174
Web site: www.rmv.com

http://www.technologicalarts.com
http://www.rmv.com
http://www.digitalproductsco.com
http://www.activewireinc.com
http://www.conitec.com
http://www.cyberpakco.com
http://www.weedtech.com


www.circuitcellar.com CIRCUIT CELLAR®
Issue 129      April 2001   87

YEARS OF
SINGLE BOARD

SOLUTIONS

Since 1985

Puzzled over which

Phone 618-529-4525  Fax 618-457-0110
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Modem to buy?

• 14.4k, 33.6k, & 56k V90 versions
• 60 ma. typical power required
• 56k version @ $185 quantity 1
• Extra available RS-232 port
• Rugged PC/104 form factor

16
OVER

http://www.smarthome.com
http://www.designtechengineering.com
http://www.siteplayer.com
http://www.jkmicro.com
http://www.emacinc.com
http://www.zworld.com
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www.sealevel.com
© 2001 Sealevel Systems Incorporated

◗ PCI Two port RS-232/422/485 serial adapter
◗ 500V true port-to-port isolation ◗ Free Technical Support
◗ Automatic RS-485 driver enable or RTS ◗ Made in USA 
◗ Standard PC data rates up to 460K bps
◗ Simple installation with included software
◗ Single and quad port versions available 

Discover why industry leaders rely on Sealevel Systems’ Serial I/O 
and Digital I/O control products. Visit our website or call today for 
a free catalog or CD.

PCI ISOLATED 
SERIAL I/O ADAPTER

Sealevel Systems, Inc., 155 Technology Place, Liberty, SC 29657
email: support@sealevel.com fax: 864.843.3067

864.843.4343

HARDWARE, SOFTWARE, ASH WARE.

ash ware inc. ❘ 2610 nw 147th place ❘ beaverton, or 97006 u.s.a. ❘ 503.533.0271

www.ashware.com

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.

http://www.mjsconsulting.com
http://nt5-stats.localweb.com:88/55?click&circuitcellar.com&3aaf962b
http://www.smxinfo.com/pmdoscc.htm
http://www.ashware.com
http://www.phyton.com
http://www.flash.net/~yogii
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RS232/RS422 Converter

• Full duplex
• 422 or 485 4 wire
• Short haul modem

up to 5000 feet
• Supports up to 40

RS422 devices

$84.00 quantity 1.  OEM discounts.

Connecticut microComputer, Inc.
PO BOX 186,  Brookfield,CT 06804
(203)740-9890   Fax:(203)775-4595

 code CC60

Easy to use converter adapts any
RS232 computer to RS422 or 4 wire
RS485. Using two twisted pair wire the
ADA422L will support up to 40  devices
at distances up to 5000 feet.  Power is
obtained from the RS232 signal lines.

 www.2cmc.com

��� Port
  powered

http://www.imagecraft.com
http://www.2cmc.com
http://www.rlc.com
http://www.laipac.com
http://www.tern.com
http://www.streetroddigital.com
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NuDAQ.com
PC Based Data Acquisition & Control Products

PCI-9812, 20 MHz Simultaneous
4-Ch Analog Input Card

PCI-7300A, Ultra-High Speed 32-Ch
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.
1-800-528-1417/ Fax: 480-464-5824

since 1971

http://www.apcircuits.com
http://www.Maxstream.net
http://www.beigebag.com
http://www.smxinfo.com/pegcc.htm
http://www.nudaq.com
http://www.techsystemsembedded.com
http://www.holtek.com.tw
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Email: sales@picofab.net

http://www.steroidmicros.com
http://www.decadenet.com
http://www.pond.ie
http://www.mcc-us.com
http://www.senix.com
www.prairiedigital.com
www.picofab.net
www.in-ks.com
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EMBEDDED INTERNET MADE
EASY!

2900-1 Crescent Drive
Tallahassee, FL 32308

850-942-7905 phone & fax

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

• Free TCP/IP, PPP,
Mini-server

• Easy to Use
• Low Cost
• Low Power
• Tiny Size
• High Speed
• DOS Environment

with the

���������TM TM TM TM TM 
From$99Q.100

Create Your Own Product
Create Your Own Product
Create Your Own Product
Create Your Own Product
Create Your Own Product
Create Your Own Product
Create Your Own Product
Create Your Own Product
Create Your Own Product
Create Your Own Product
Create Your Own Product
Create Your Own Product
Create Your Own Product

Programmable Controller

Accessories
• 400 Channel Voice Annunciator
• Security Control Interface
• Calendar/Clock Module
• Modem/Printer Interface, Event Buffer
• Access Control Interface (26 bit Wiegand)

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
• Powerline X10 Communication
• RS485 Data Bus
• 16K Program Memory
• Free Development Software

ELK

Module + Development Kit (MK400) $149.95 ea.

Magic Module

http://www.bagotronix.com
http://www.vetra.com
http://www.rdk2001.com
http://www.abiatech.com
http://www.elkproducts.com
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www.microcommander.com

Intec Automation Inc.

http://www.tm1000.com
http://www.zagrosrobotics.com
http://www.rfmicrolink.com
http://nt5-stats.localweb.com:88/55?click&circuitcellar.com&3aaf9652
http://www.microcommander.com
http://www.melabs.com
www.vantec.com
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• Design, PCB Fabrication & Assembly

• 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

	���������������	������������

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

Call for FREE PCB Buyers Guide

http://nt5-stats.localweb.com:88/55?click&circuitcellar.com&3aaf967b
http://nt5-stats.localweb.com:88/55?click&circuitcellar.com&3aaf93d1
http://www.csmicrosystems.com
http://www.electronics123.com
http://www.capitalelectro.com
http://www.basicx.com
http://www.abacom-tech.com
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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 I 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. I beg to differ.

Over the years, we’ve had articles on wearable computers and discussed ubiquitous computing. Embarrassingly, I must admit
that I held my nose during some of it because, at the time, I considered it to be fringe reality. Today, I have to say that I was too
conservative and simply did not think far enough ahead. Ideas 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 I have the satisfaction that much more of the
world agrees with me. 

An Embedded Future

INTERRUPT
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steve.ciarcia@circuitcellar.com
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Our New Products are R.E.D.
In-Circuit Firmware Development with SPEED.

Our PICmicro® Development Tools are also R.E.D.

Rapid Embedded Development tools from TechTools

• 2000 Support
• 3-5 Volt Target

Support

FlexROM™ III
FLASH, EPROM & SRAM Emulator���

�

���
NEW Active

Cables!

ER3 will speed up your firmware
development by eliminating the need

to remove-erase-program and re-
install EPROMs each time you

test a code change. These
devices plug into the EPROM
socket on your target board
and emulate the EPROM

throughout the development
process.

 We provide software that loads your
firmware code into the emulator in a matter of

seconds! No more waiting for the eraser or
EPROM programmer. No more “debugging” bent

pins or bad EPROMs.

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
see the Target’s address fetches with FR3’s Hardware

Instrumentation.

EconoROM™ III
Economical EPROM Emulator���

�

���

New FlexROM II, III and EconoROM III interface
now supports multiple file projects with “1-Click”
file conversion and downloading.

Increased productivity, always available hardware Instrumentation and adaptability make FlexROM a very powerful tool.

FR3 is a Flexible, in-circuit memory Emulator with instrumentation.

ER3 is designed for quick, in-circuit firmware test cycles.

QuickLoader™ Version 3.0

Adapt easily to new target
technologies with FR3’s

Active Cables.

�

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.

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

ClearView™ Mathias fully emulates the selected
PICmicro, including program memory, register
memory, EEPROM, I/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.

PICmicro® In-Circuit Emulator

TechTools Complete Development System with integrated
ClearView debugger will save you days or even weeks of

development time!

Voltage
Measure-

ment!

Voltage
Measure-

ment!

Up to
32MByte
per unit.

Active
Cables

2.5 Mbps
Download!

Up to
1MByte
per unit.

DATA
Breakpoints
on ALL 14bit

Devices!

http://www.tech-tools.com


STILL THE WORLD’S MOST
POWERFUL PORTABLE

PROGRAMMERS?

Dataman Programmers Ltd
215 East Michigan Avenue
Orange City, FL 32763
Telephone (904) 774-7785
Fax (904) 774-7796
Home page: http://www.dataman.com
Email: sales@dataman.com

$795
inc 4mb ram

Orders received by 4pm will normally be despatched same day.
Order today, get it tomorrow!

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
it. Use the feature summary below to see
how other manufacturers’ products compare.

$1295

DATAMAN-48LV
• Plugs straight into parallel port of PC or

laptop

• Programs and verifies at 2, 2.7, 3.3 & 5V

• True no-adaptor programming up to 48
pin DIL devices

• Free universal 44 pin PLCC adaptor

• Built-in world standard PSU - for go-
anywhere programming

• Package adaptors available for TSOP,
PSOP, QFP, SOIC and PLCC

• Optional EPROM emulator

DATAMAN S4
• Programs 8 and 16 bit EPROMs,

EEPROMs, PEROMs, 5 and 12V FLASH,
Boot-Block FLASH, PICs, 8751
microcontrollers and more

• EPROM emulation as standard

• Rechargeable battery power for total
portability

• All-in-one price includes emulation
leads, AC charger, PC software, spare
library ROM, user-friendly manual

• Supplied fully charged and ready to use

S4 GAL MODULE
• Programs wide range of 20 and 24 pin

logic devices from the major GAL vendors

• Supports JEDEC files from all popular
compilers

SUPPORT
• 3 year parts and labor warranty

• Windows/DOS software included

• Free technical support for life

• Next day delivery - always in stock

Still as unbeatable as ever. Beware of
cheap imitations. Beware of false
promises. Beware of hidden extras.
If you want the best, there’s still only one
choice - Dataman.

Order via credit card hotline - phone
today, use tomorrow.

Alternatively, request more detailed
information on these and other market-
leading programming solutions.

NEW MODEL

MONEY-BACK
30 DAY TRIAL

If you do not agree that these truly are the
most powerful portable programmers you can

buy, simply return your Dataman product
within 30 days for a full refund

http://www.dataman.com


For only $21.95* you can have 12 issues of Circuit Cellar
THE Technology Resource for the 21st Century!

*1 Year (in print)—USA $21.95, Canada/Mexico $31.95, Foreign $49.95
2 Years, 24 Issues (in print)—USA $39.95, Canada/Mexico $55, Foreign $85

FAST FAX SUBSCRIPTION SERVICE (860) 871-0411
❏ 1 Year  ❏ 2 Year           ❏ Bill me (U.S. only)      ❏ Visa ❏ MasterCard

Signature

Card #          Exp.

Name

Address

     Phone

City      State       Zip

Email: subscribe@circuitcellar.com
Visit our Web site at www.circuitcellar.com

����������	
�
• The Wit & Wisdom of Steve Ciarcia
• Complete Hardware Projects
• Focus on Embedded Processors and
   Systems
• Practical Application Articles

SPDF

http://www.circuitcellar.com/subscribe.htm


Do you know of a company that would be useful to
your fellow engineers using the Suppliers Directory?
ALLOCATED PARTS SUPPLIER

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

AUTOMOTIVE ELECTRONICS

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.

www.avt-hq.com

Phone: (410) 798-4038

CATALOG PARTS SUPPLIER

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.

www.jameco.com

Phone: (800) 831-4242

BIOSs

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 OEMs, in products that meet their
requirements, and in service that is dedicated to the success of their
project.

www.gensw.com

Phone: (800) 850-5755

 

CIRCUIT BOARDS

ECD, Inc.
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 II: Includes
soldermask, nomenclature, and routing. Pcbexpress III: Boards are economical multi-layers (4
layer). ECD also produces full service orders that satisfy lead time, process, and quantity
variables.

www.pcbexpress.com

 

DEBUGGING

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

http://www.circuitcellar.com/suppliers_sugg.htm
http://www.circuitcellar.com/suppliers_sugg.htm
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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, I2C devices,
Dallas 1-Wire device ... etc. CPU target includes PIC, HC05, HC11, SCENIX, ATMEL AVR,
8052, DS80C320, ST6 and soon ST7 and HC08.

www.vmdesign.com

EMBEDDED PC

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!

www.on-time.com

Phone: (516) 689-6654

EMULATORS/PROGRAMMERS

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.O.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
MetaLink, 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.

www.phyton.com

Phone: (718) 259-3191

HOME AUTOMATION

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-II Home
Automation System product line. Our products offer one of the most flexible home automation
solutions on the market.

www.cc-concepts.com

Phone: (919) 304-3107

INDUSTRIAL CONTROLLERS

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.

www.micromint.com

Phone: (800) 635-3355

MODEM MODULES
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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.

www.radi.com

Phone: (408) 392-9688

PC/104

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

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 I/O, development tools, PIC coprocessor and other specialty devices. Visit
our web site for complete product information including brochures, application notes and
software examples.

www.scidyne.com

Phone: (781) 293-3059

PROGRAMMABLE CONTROLS

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.

www.zworld.com

Phone: (888) 362-3387

SEMICONDUCTOR MANUFACTURERS

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 I/O (UART, CAN, I2C).

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).

www.zilog.com

 

SINGLE BOARD COMPUTERS

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 I/O, 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. 

www.rp3.com

Phone: 800 642 9971

3rd Party Distributor
SOFTWARE DEVELPOMENT TOOLS

CCS Inc.
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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