Hardware Hacker IV

Don Lancaster’s

Hardware Hacker

Selected reprints — volume IV
Electronics Now series (January 1992 - January 1994)

Copyright c. 1994 by Don Lancaster and Synergetics Press
Box 809, Thatcher, AZ 85552 (602) 428-4073

ISBN 1-882193-04-0

Book-on-demand self-published using the Apple Ile computer, a duplex LaserJet and the
PostScript language. All graphics were done in their entirety by ProDOS AppleWriter 2.1.




Hardware Hacker IV




Hardware Hacker 1V

I ntroduction

Wel come to the fourth volume in our ongoing series of my Hardware Hacker
reprints from Electronics Now magazine. This volume includes the January 1992
through January 1994 columns.

As before, | do use the term "hacker" inits original context, namely anyonewho is
genuinely interested in pushing all the limits of software and hardware and is
willing to do so in afully cooperative, low cost and sharing network environment.

I've tried to expand the topics beyond the strict boundaries of traditional
electronics. Going into the science and math subjects many of you have asked for
over our voice helpline.

| still get lots of pseudoscience and "free energy" questions. So, focus areas of this
volume include thermodynamics, power transfer theorems, and related engineering
fundamentals. Stuff that outright precudes all perpetual motion scams. At the same
time, | have indexed and listed most of the fake pseudoscience sources. Mostly,
because they make wondrously bizarre reading, | guess.

Some of the more popular subjects in this volume include distant FM reception,
Newtek’'s Video Toaster, advanced halftone imaging, and new solar energy
developments. Plus updates on wavelets, caller ID, and GPS navigation. And great
stuff on cubic splines, UFQO'’s, and phone interfaces.

Preprints and reprints of most of my columns are also available electronically via
GEnie PSRT. Presented in both PostScript and Adobe Acrobat formats. For GEnie
access, have your modem dial (800) 638-8369. After the prompt, enter JOINGENIE.
When you are later asked for your keycode, enter DMD524.

| continue to offer my no-charge voice helpline at (602) 428-4073, and offer free
referrals from our Synergetics Consultant’s Network. |’ ve also got a free and newly
expanded Hardware Hacker Inside Secrets and catalog waiting for you when you
call or write. You can also grab this as SYNCAT1.PS off GEnie PSRT, or else
request one through my /nternet address of SYNERGETICS@GENIE.GEIS.COM.

The Electronics Now subscription number is (516) 293-3000.
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About the Author

As he said in his classic Incredible Secret Money Machine 11, Don Lancaster
writes books. And quests tingjas.

Microcomputer pioneer and guru Don Lancaster is the author of 33 books, 2 videos,
and countless articles. These include his TTL Cookbook and CMOS Cookbook
internationally published million seller classics. Don is considered by some to be
the father of the personal computer, for his early ground-breaking work with hacker
digital electronics and low cost video terminal displays. He is considered by others
to be the patron saint of the Walter Mitties of the World. And by yet others as the...
Uh, I guess we better skip that one.

Don isthe Hardware Hacker in Electronics Now (516) 293-3000, runs his Resource
Binin Nuts & Volts (714) 371-8497, and is the Blatant Opportunist in Midnight
Engineering (719) 254-4558. Don is also the sysop for GEnie PSRT, a leading
Hardware hacking, PostScript, laser publishing, and money machine on-line
resource. His Ask the Guru columns continue to be published electronically on
PSRT. For fast GEnie modem access, dial (800) 638-8369. Then JOINGENIE and
DMD524.

Don is also the head honcho of Synergetics, a new-age design and consulting firm
that specializes in computer applications, laser printing, PostScript development
work, electronic prototypes, Book-on-demand publishing, technical writing, and
innovative software design. His avocations include firefighting, cave exploration,
bicycling, and, of course, tingja questing.

Don maintains a no-charge voice helpline at (602) 428-4073. He does welcome your
calls and letters. The best calling times are 8-5 weekdays, Mountain Standard Time.
Referrals to Don’s Synergetics Consultant’s Network are available through this
same number. [
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avelets. We have got lots

of wavelets. You getcher

wavelets here. As we've

discovered a number of
times before, wavelets are a stunning
new math concept that is profoundly
changing virtually all the advanced
electronic topics. A failure to learn
wavelets now is the same as volun-
teering for early retirement.

We've already seen that Jones and
Bartlett has published THE great new
wavelets book, and that the Ultra-
wave Explorer from the Aware folks
is one fine commercial wavelet study
and development program.

But the big news is that I've just
posted full working PC shareware
copies of the Wavelet Packet Library
from Digital Diagnostics on GEnie
PSRT as #365 WAVELET.PS.

Those of you into satellite dishes
and microwave electronics are now
probably familiar with Smith Charts,
a handy graphical method of doing
things like impedance matching and
tuning. | have written a PostScript
Smith Chart generator that lets you
instantly create all your own Smith
charts in any quantity, any size, any
resolution, and any where in your
publication. Check GEnie PSRT #367
SMITHCHT.PS for several freeware
samples. Your downloading cost on
this is around twenty one cents.

Perpetual Motion Again

| get an average of three to five
helpline calls aweek on "free energy"
and other perpetual motion topics. As
we have seen in the past, perpetual
motion is definitely real as a historic
and ongoing societal phenomenon.
We have also seen that two ongoing
sources of perpetual motion books,
videos, and papers are High Energy
Research and Lindsay Publications.

Now, | personally feel that looking
for any free energy systemsis rather
dumb. First, because the desirability
of any free energy ranks somewhere
between Herpes and AIDS. Why? Be-
cause this would obviously hasten the
already ongoing entropic heat death
of the planet. If someone does in fact

Common lab test pitfalls
L Lumeloid and Lepcon films

find afree energy system, they should
be spanked and sent to bed without
any supper. Or, better yet, chopped up
and fed to the cows.

Second, because the odds of your
accomplishing anything that’s even
remotely useful involving free energy
are stupendously low. Third, because
your credibility starts out as less than
zero and quickly plummets. Owing to
previous scams, the "not even wrong"
research, and the "few-chips-shy-of-
a-full-board" guilt by association.

And, finally, because there’s so
much better to be doing. We're sitting
on the greatest mountain of new
hardware hacking chips, tools, info,
and concepts anywhere ever. Stuff
that’s crying for hacker use, and stuff
that is nearly certain to result in lots
of interesting and profitable things.
Why ignore the obvious?

Several of the recent callers were
making measurements that were just
plain wrong. Since | am one of the
world’s foremost experts in gathering
incorrect, misleading, or meaningless
lab data, | thought we might briefly
focus on afew of the ways that casual
measurements may not end up what
they appear to be.

In general, you'll always want to
assume that all meter pointers and,
especially, all of your digital numeric
displays are lying through their teeth.
Or, if they are giving you a correct
reading, the odds are overwhelming
that the meaning and the underlying
reasons for that reading are not at all
what you had in mind.

Oscilloscopes do a far better job
than the meters or digital displays at
showing you what is really coming
down. Even here, an uncompensated
probe, the wrong setting, improper
sync, an invisible glitch, any outband
signals, or just a ground clip that is
slightly too long can cause you wildly
incorrect results.

It is only when the same tests are
run over and over again by different
people under different circumstances
that you can even remotely begin to
trust your instruments. Even when
repeated, that trust should only apply
to the exact measuring conditions.

A ferinstance. Figure one shows
you a seemingly simple method to
measure ac power. Y ou connect your
new motors-and-magnets perpetual
motion machine load to the ac power
line through an ammeter and then
separately measure the line voltage.
Since power equals volts times amps,
you just multiply your two readings
together and you'll have the input
power. Right?

Wrong. Dead wrong.

Let’s temporarily forget about any
noise, spikes, back-EMF effects, har-
monics, and nonlinearities that are
certain to be present with your new
motors-and-magnets load. Assume a
pure sinewave voltage and a similar
current waveform. You have to take
the phase of the current into account.
Y ou would get a zero phase shift with
a purely resistive load. In a purely
inductive load the voltage would lead
the current by 90 degrees. In a purely

4 amps

@ —

?\A?er 110
PO Volts
line

Motors and
Magnets
Load

1

Fig. 1 — WHAT IS THE REAL POWER being consumed in this test circuit?
There’s no way to tell with the setup shown. But you can safely bet that it is

probably not anywhere near 440 watts.
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ref

Typical IC

Series Regulator

—

Motors and
Magnets
Load

1

Fig. 2 — WHEN IS A REGULATOR NOT A REGULATOR? Any time that your
load tries to source (rather than sink) power, a typical IC voltage regulator will
shut down or else become unstable. There is no current path to ground.

capacitive load, the voltage will lag
the current by 90 degrees.

Good old ELI THE ICE MAN. The
voltage is ahead of the current in the
eLi’s L inductor; the current is ahead
of the voltage in hisiCe capacitor.

And if you have any purely active
load such as another generator, your
current could end up phased by 180
degrees. Sourcing, not sinking.

Y our actual power will end up the
voltage times the current times the
cosine of the phase angle between the
two. If your voltmeter reads 110 and
your ammeter reads 4, your actual
circuit power will be 440 watts to a
purely resistive load, ZERO to any
purely inductive or capacitive load,
and MINUS 440 watts to any purely
active load. Or anything between, de-
pending upon your phase angle.

Why is the power zero to a purely
inductive load? Because of the phase
angle. A math freak will tell you the
full cycle cross product of a sine and
its cosine is zero. Intuitively, on the

first quarter cycle, you have positive
voltage and current. On your next
quarter cycle, you will have positive
voltage and negative current. On the
next, negative voltage and negative
current. And finally, negative voltage
and positive current. Add them all up
and average them all out and you end
up with zero real power.

Yes, you will get lots of back-and-
forth reactive power that can give you
real fits. And hack off your electric
utility. But your net real power into a
pure inductive or capacitive load is
precisely zero.

Thus, as far as power goes, al the
voltmeter and ammeter readings are
totally meaningless. And even less so
in the presence of noise, back EMF's,
sparking, or harmonics.

Measuring Real Power

So how do you measure real and
reactive power? The trick is that you
have to multiply the instantaneous
voltage and current together. Then

(open)

100 VFO/ oV
100uFI IloouF

Energy = 0.5 Joules

(closed)

50 vV 50 vV

100uFI IloouF

Energy = 0.25 Joules

Fig. 3 — QUICKLY CLOSE THE PERFECT and lossless switch. And half of
your circuit energy will vanish without a trace. Where did the energy go?

you sum to find the total power.

The power of any arbitrary wave-
form is equal to the DC continuous
power that would give you exactly
the same amount of total heating in a
purely resistive load.

Y ou can do this measurement with
areal wattmeter, or by measuring the
rotational speed and direction of a
watthour meter. The wattmeters and
watt-hour meters are often available
through Fair Radio Sales or Herbach
and Rademan.

Electronically, you can use a mul-
tiplier chip or a special RMS power
calculating circuit. Analog Devicesis
one leader in low cost power chips of
this type.

Or graphically, you can take plots
of all the exact voltage and current
waveforms, split them up into time
slices so narrow that the voltage or
current does not change much, mul-
tiply the results of those slices and
then sum the results.

Note that you must multiply first
and then add. Never vice versa.

But you still do have to be careful.
Nonlinearities, pulses, harmonics,
motor back EMF effects and noise
require special treatment. And most
power measurement schemes have a
crest factor limit which ruins their ac-
curacy on strong but narrow pulses.
Especially spikes and glitches.

For these reasons, it is extremely
difficult to accurately measure your
input power to a motors-and-magnets
perpetual motion machine. If you do
not know exactly what you are doing,
all your results are guaranteed to be
wildly wrong. And so, of course, will
be your conclusions.

Figure two shows you a second
measurement pitfall that the recent
callers have all decided to ignore. A
voltage regulator is always a voltage
regulator, right?

Wrong. Dead wrong.

Most popular voltage regulators are
only capable of sourcing current. If
the load starts sourcing any power
even briefly, there is no place for the
current to go, and the regulator either
shuts down or starts oscillating.

Thus, if you have a motors-and-
magnets load, there could be times
when the back EMF effects, spikes,
commutator noise or whatever, will
try to source power back into your
supposed power source.

— 49.2
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Put in another way, typical power
supplies and most regulators have
wildly different impedances between
when they source and sink power.

Note that any normally connected
Zener diode will behave precisely the
opposite — they are great power sinks
but poor sources.

An output filter capacitor on your
regulator is essential for grabbing and
smoothing out high frequency load
sourcing variations.

Beyond proper output filtering, two
ways around load sourcing effects are
to hang enough of aresistive load on
your regulator that the regulator will
always output a net sourcing current.
Most batteries are usually capable of
sourcing and sinking any reasonable
amount of current.

Figure three shows you yet another
way to go astray. All bets are off if
there is any sparking or arcing. It is
physically impossible to instantly
change the voltage across a circuit
capacitor or the current through an
inductor. The usual result when you
try thisis sparking or arcing.

Take a 100 microfarad capacitor
and charge it on up to 100 volts. Y our
energy in any capacitor is...

E=05CV?

or, in this case, 0.5 Joules of stored
energy. Now, you close your |ossless
switch so you have two capacitorsin
parallel. The voltage must, of course,
drop in half, since the same chargeis
now spread across twice your plate
area. And by the same formula, you
now have only 0.25 Joules of stored
energy.

Question: Where did the rest of
your energy go?

If you have a non-lossless switch
of resistance R, the answer is easy. In
the process of charging the second
capacitor, the extra energy got burned
up in your resistor as heat during
charging. But go through the charging
math, and you'll find that the loss of
half the stored energy is a constant
which is totally independent of the
value of R!

If R equals zero, then you have to
get a spark and radiated energy. But
you still lose half of it, regardless of
how good the switch is.

Thus, if there is any sparking or
arcing whatsoever in your motors-
and-magnets machine, your readings

are once again absolutely certain to
be wrong.

Always think carefully about your
measurements and how they could be
wrong or misleading.

Lumeloid and Lepcon Films

We sure had a bunch of helpline
calls over the new materials stuff |
announced a column or two back and
in our Hardware Hacker 111 reprints.
I’ve picked up some more info, and
have summarized where to go for
more in our Lumeloid and Lepcon
Solar Resources sidebar.

Let’s start off with the bottom line:
Y es, this looks like it someday could
be real. Maybe. At least in the lab.
No, you cannot yet buy the stuff by
the yard through your local K-Mart
fabric department and staple it to your
roof. Yes, thisis a great topic for a
school paper or ascience fair. And an
incredible emerging research area.

On the other hand, working proto-
types do not yet exist. And there are
just enough "penny stock" and "media
hype" aspects to all this that | have
lowered my rating from "solar break-
through" to "an interesting potential
solar development." But you could
judge for yourself, just by picking up
on the resources in our sidebar.

The key individual behind all this
is one Alvin Marks and his company
of Advanced Research Development.
Their OTC pink sheet stock is traded
under the name Phototherm. This is
strictly an unregistered blue sky se-
curity, and trading remainsillegal in
Massachussets, the issuing state.

Marks is a credible, experienced,
and independent researcher with a
long history of successful energy,

optical film, and pollution control
developments. Among other things,
he developed the cheap glasses once
used for 3-D movies.

And EPRI, that ultra-conservative
Electric Power Research Institute
electric utility consortium has seen fit
to fund Marks with a modest research
grant. Albeit a paltry one by EPRI
standards. Coffee money.

The two key patents involved are
#4,445,050 Device for Conversion of
Light Power into Electric Power, and
#4,574,161 An Ordered Dipolar Light-
Electric Power Converter.

There is very little published to
date. And all of it is single sourced.
None appears to be peer reviewed or
critiqued. A collection of reprintsis
now available free on request from
Advanced Research Development.
One original paper has shown up as
Lumeloid Solar Plastic Films and
Lepcon Submicron Dipolar Antennae
on Glass, from the 1990 International
New Energy Technology symposium
published by the Planetary Assoc-
iation for Clean Energy, located in
Ottowa, Canada.

Aswe've seen anumber of timesin
the past, you can quickly research any
technical topic by using the Dialog
Information Service at your local
library, and then can get any reprint
by using either interlibrary loan or
the UMI reprint service.

So what is the big deal here and
how does it work? Your traditional
methods of generating electricity
from the sun are seriously flawed.
The old mirrors-and-boilers method
involves a thermodynamic cycle with
a Carnot thermodynamic efficiency
limit around 35 percent. Besides not

The transformer is 1:1
600 Ohms, with a 1500
volt breakdown rating.

The zener diodes are
3.9 volt devices, such
as a type 1N5228.

(o ANV 0
10Q
v,
phone 7 250 volt T P~ user
line varistor S~
A
10Q
(e} AV o
2200 pf

Fig. 4 — A FCC PART 68 INTERFACE is required any time you connect any
circuit of your own to the phone line. While this interface can be both simple
and cheap, the required submission and approval process is not.
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downsizing very well. Silicon solar
cells at a theoretical 26 percent are
even less efficient. It seems that they
can only accept "whole lumps" of
guantum energy, and have to throw
the rest away as heat. And, before
Marks, any photosynthesis scheme
was well under six percent efficient.

And efficiency is everything in
solar power. On agood day, you have
one incoming kilowatt per square
meter to work with. Say a nickel an
hour "avoided cost" income for a
perfect conversion. Or two cents a
day allowing for night and weather.
Naturally, your bottom line efficiency
will usually be much less than your
theoretical. Let your efficiency drop
too low and there’s no way that solar
can be competitive. Get under the
bottom-line efficiency of seven per-
cent or so, and you will never be able
to pay for your installation and land,
owing to the time value of money.
The longer it runs, the more it costs
you for the financing.

But, alternatively, the nickel-per-
kilowatt-hour incoming solar energy
on a 2200 square foot house roof adds
up to over $3000 ayear. Which is lots
more than usually gets used under-
neath as electricity. So efficient solar
electric conversion could completely
blow away coal, nuclear, and even
most hydro.

Marks has developed two different

solar to electric systems that seem to
have high theoretical efficiencies.

Radio waves are electromagnetic.
Solar energy is electromagnetic. The
main difference between orange light
(at 600 nanometers) and television
channel two (6 meters) is a 10,000:1
size factor. Those light wavelengths
may seem tiny, but we are starting to
routinely handle submicron distances
in integrated circuit manufacturing.

There’s this thing called a cyrstal
set that you might have heard of. Just
shove some electromagnetic energy
into an antenna, rectify it somehow,
and out comes dc power. These days,
we call the same thing a rectenna. So
why not use light waves instead of
radio waves?

An antenna is any subsystem for
converting radiated electromagnetic
energy into conducted wire electro-
magnetic energy. Or vice versa. As a
transmitter, if your antenna is now
properly matched to the rest of your
circuit, nearly al of your input energy
will get radiated. And, since most
antennas are linear and reciprocal
devices, if you input any electro-
magnetic energy well inside of the
antenna’s effective area, nearly all of
it will get converted into conducted
electricity. So, a properly matched
antenna can be 100 percent efficient.
And arectifier nearly so.

Now, an optical antennais trivial.

O Ring Input
——o0 Terminate Output

o Off Hook Detect
—O Serial Data Output
O Energy Detect Out

3.58 Mhz Xtal

+5V

VCCCPM DO ED PD XOUTXIN

SC11211

oVIN VIP ELL EL2 EDC VRF GND

Phone Line
Inputs

It
= T T T
0.1pF O0.1pF 0.1pF 1pF

Fig. 5 — PRE-APPROVED PART 68 INTERFACE HYBRIDS are available, but
they are rather expensive. Here is a caller ID circuit that uses the Cermetek
CH1845 DAA interface and the Sierra SC11211 caller ID chip.

Just make it any old color so long as
it is black. Even a black felt tip pen
will do. The trick lies in rectifying
and gathering all the received solar
electromagnetic electricity, rather
than burning it up as heat.

The Lepcon panel is the older of
Marks two new developments. In a
Lepcon panel, tiny rectenna elements
are created on glass using more or
less conventional but very advanced
microlithography. These are basically
a conductive channel ending with a
metal barrier diode. The photons in
the incoming solar energy are used to
accelerate electrons, which jump the
barrier diode to become a dc current.
Unlike a traditional solar cell, there
are no "whole lumps only" quantum
effectsinvolved, and nearly all of the
available energy gets converted.

The antenna/rectifier combination
only works with one polarization of
light. It converts the one polarization
with up to a theoretical 80 percent
efficiency, and passes the remainder
on through. You could put a second
Lumeloid panel underneath that is
oriented 90 degrees from the first to
convert the other polarization.

Or, you could use a sneaky trick
consisting of a quarter wave plate
and a mirror to rotate your rejected
polarization by 90 degrees and shove
it back up through the original film.
Y our combined efficiency ends up
around atheoretical 72 percent.

The projected costs of the Lepcon
process is around $250 per panel, and
the panels should last 25 years.

The Lumeloid film process uses
chemicals instead of very expensive
microlithography. The chemical tech-
niques in theory lend themselves to
low cost and high volume production.
The chemicals attempt to mimic the
first half of the long photosynthesis
process. A rather long chain carbon
molecule, such as polyacetylene, is
attached to some electron donor-
acceptor complex, such as porphyrin
and quinone.

The long chain molecule acts as a
conductive antenna, changing the
input optical energy into electron
energy. The tunneling gap effect
between the large donor and small
acceptor rings acts as a rectifying
diode for DC conversion.

For all this to work, the molecules
have to be carefully oriented while
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the sheet is being created. Mark’s
work has centered on suitable bulk
processes to do the orientation in a
low cost and high volume process.
Projected costs are five dollars per
meter and three cents per watt.

At present, the Lumeloid films are
only expected to last a year in strong
sunlight. Once again, Lepcon panels
use conventional microlithography on
glass, while Lumeloid use oriented
films that mimic photosynthesis.

Interesting, the Lumeloid process
is totally reversible. You can input
electricity and get light out as well.
Which could lead to new lighting and
display technologies.

For any of this to become real, we
will need working prototype panels,
credible third party research, and the
proper peer review. My "usual sus-
pects' of Science, Nature, Science
News, and the technology page of the
Wall Street Journal have been sus-
piciously silent to date.

My own feelings are that short and
open circuits in production panels are
going to lead to the very same type of
yield problems that have held back
and restricted development of large
area flat panel tv displays.

Because of the lack of even lab
prototypes, their efficiency and cost
projections at this time would appear
totally meaningless. Although having
ahigh theoretical efficiency sure does
help. But time will tell.

Caller ID Update

Time sure does fly when you are
having fun. As a result, 1've gotten
hopelessly far behind on a bunch of
potentially great projects here. So my
caller ID project may take a while
longer. Meanwhile, I’d thought we'd
bring you up to date on what’s now
coming down on caller ID.

Caller 1D should be available in
most parts of the country very soon.
The controversy is dying down, since
the benefits so totally and ludicrously
outweigh any potential problems. To
see what dozens of others are now
thinking about caller ID, you might
want to check #2239 CALLERID.CAP
on the GEnie RADIO RoundTable.

If for no other use, the convenience
of having a no-charge, no-hassle list
of everyone that called you while you
were out is just flat out wonderful.
There's even an asterisk beside any

Key Patents:

Key Paper:

Key Info Packet:

Key Players:

Advanced Research Devel.
359R Main Street

Athol, MA 01331

(508) 249-4696

Dialog

3460 Hillview Avenue
Palo Alto, CA 94304
(415) 858-2700

Electric Power Research Inst.
PO Box 10412

Palo Alto, CA 94303

(415) 855-2000

LUMELOID AND LEPCON SOLAR RESOURCES

#4,445,050 - Device for Conversion of Light Power into Electric Power.
#4,574,161 - An ordered Dipolar Light-Electric Power Converter.

Lumeloid Solar Plastic Film and Lepcon Submicron Dipolar Antennae
on Glass. 1990 International New Energy Technology Symposium.
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Home Power
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(800) 521-3044

caller antsy enough to call twice.

Motorola has just announced a
brand new MC145447 caller 1D chip.
Free sample kits are available. This
one is supposed to include internal
ring detection. But, as near as | can
tell so far, the chip of choice remains
the Seerra SC11211.

A FCC Part 68 interface is shown
to you in figure four. Which is what
normally has to go between you and
the phone company. Key points in-
clude an exceptionally well balanced
transformer with a 1500 volt isolation
capability. While such an interface is
fairly cheap and simple, getting the
needed approval is not.

Several companies now offer some
ready-to-go Part 68 interfaces. These
are priced well above what you could
build your own for. But they come
pre-approved, eliminating most legal
hassles. Dallas Semiconductor and
Cermetek are two typical sources. An
interface between the new Cermetek
CH1845 and the Sierra SC11211 caller
ID chip is shown in figure five.

Both Cermetek and Serra have lots
of free caller ID ap notes available.

Aswe've seen before, a number of
ready-to-use caller 1D products are
available from Hello Direct.

New Tech Lit

From Sony, a new Laser Diode
Guidebook. And from Hughes, a free
brochure on their Nonvolatile Serial
Programmable Devices. These gems
include digital sinewave or code gen-
erators, electrically variable resistors
or capacitors, switches, and counters.

The Best of Analog Dialogue is a
three decade compilation of the very
best in analog linear integrated circuit
design info. From Analog Devices.

In a startling development, real
thermography is now available for
toner-based desktop publishing. One
new source is Bennet LaserBrite. Y ou
spray on chemical A to soften your
toner, dust on powder B, and then
apply heat from desklamp C. Presto.
Instant raised letters. Even Braille.

Free stuff this month: A video on a
high end printed circuit prototyping
system from Direct Imaging. A free
video on the Toaster, the low cost
broadcast quality video production
system from NewTek. And a great
new sample A-42 plastic electronic
case from Serpac.

A reminder that | do have a full
collection of reprints available. Just
give call me for more details. O
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everal commercial products

are starting to appear using

hat great Rohm BA-1404 FM

ereo transmitter circuit. In

particular, do check out the Pioneer

CD-FM-1 and that Sony XA7A CD to

auto radio adaptors. Dealer cost isin
the $42 range.

What these do is let you play the
output of a CD player through your
existing car radio and audio system.
The stereo channels are accepted by
the BA-1404 IC and converted to a
miniature but quite high quality FM
"broadcast” signal. Y ou unplug your
antenna, plug in your adaptor, and
then plug the antenna back into the
adaptor. Presto. Your CD audio now
appears on the FM dial as your choice
of one of two pushbutton-selected
low end channels.

As we have found out in the past,
sloppily breadboarded BA-1404 chips
tend to drift and mistune enough that
they are unacceptable to most of the
newer synthesized FM receivers that
demand perfectly on-channel signals.
While the ultimate way to stabilize a
FM transmitter is using a frequency
lock loop against a crystal reference,
Pioneer and Sony both seem to have
gone a simpler route.

I will present more on these two
beasties after |1 get a chance to test
them. Either one of them should hack
beautifully into a FM stereo wireless
broadcaster circuit.

Wavelets Update

We've had bunches of requests for
lots more wavelet info. So, hereis a
summary of where we seem to be...

Wavelets are a stunning new set of
math tools that are strongly impacting
just about every region of advanced
scientific study. While the keenest
interest in wavelets now lies in video
compression, wavelets are getting
applied to everything from cardiology
to seismology to animal vision, and
literally everything in between.

Wavelets are a newer method of
analyzing any complex set of signals
and extracting useful information
from those signals. Unlike the ancient

Using the IC master
Wavelets info update
Another Caller ID chip

Piano & organ resources
L Musical note frequencies

Fourier Transform, wavelets have
both global and local properties that
let you selectively zoom in on signal
portions of interest. For instance,
good old Fourier is quite superb at

working with the top and the bottom

of asguare wave. But the sides give it
fits. Instead of Fourier’'s "one-size-
fits-all", wavelets let you apply lots
of detail only where needed.
Wavelets tend to work in a "log"
manner rather than in that "linear"
fashion of Fourier. Which lets you
pick up any fine details when wanted.
Wavelets are also great at doing the
"big lumps first". This gets handy in
decompressing pictures, where your
crude (but complete) picture initially
appears and detail later gets added. It
also gives you the ability to select the
amount of needed detail on the fly.
One detailed book on wavelets is
Wavelets and their Applications, as
published by Jones and Bartlett. The
topics thoroughly covered do include
wavelet fundamentals, video com-

pression, digital signal processing,
numeric analysis, and a bunch of
advanced subjects. Sadly, the volume
is written by math freaks for math
freaks. It tends to run roughshod over
any mere mortals. But it is there and
certainly is the precise center of the
emerging wavelet universe.

One tad less formidable wavelet
summary tutorial and bibliography
appears in that IEEE-SP (Signal
Processing) magazine for October
1991 on pages 14-38. Note that there
are dozens of different monthly IEEE
publications. Make sure you get the
right one.

For a useful collection of freebie
reprints on wavelets for video com-
pression, hardware chips, and design
software, contact the folks at Aware.
Wavelets do video compression far
simpler, far faster, and with far fewer
artifacts than the older (and now
largely obsolete) DCT compression
transforms. Their hardware is also far
cleaner and more standard.

O Cooked Data Out

O Raw Data Out
O Carrier Detect

500 pf 10K

TIPin o——ij
RING in o——]

500 pf 10K

+5 CDORDO CD RD CSL XINXOUT

MC145447
o1IP RNG RDL RD2 NC RT PWR GND

O Ring Detect

22K

T 2200 pf

Fig. 1 — THIS CALLER ID CIRCUIT uses the brand new Motorola MC145447.
Features do include internal ring detection and data header stripping. Free
samples are available. The service has to be available from your local phone

company before this chip can be used.
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octave octave octave octave octave octave octave octave octave
0 1 2 3 4 5 6 7 8

B 30.868 61.735 123.47 246.94 493.88 987.77 19755 3951.1 7902.1
A# 29.135 58.270 116.54 233.08 466.16 932.33 1864.7 3729.3 7458.6
A 27.500 55.000 110.00 220.00 440.00 880.00 1760.0 3520.0 7040.0
G# | 25.957 51913 103.83 207.65 415.30 830.61 1661.2 3322.4 6644.9
G 24500 48.999 97.999 196.00 392.00 783.99 1568.0 3136.0 6271.9
F# 23.125 46.249 92.499 185.00 369.99 739.99 1480.0 2960.0 5919.9
F 21.827 43.654 87.307 174.61 349.23 698.46 1396.9 2793.8 5587.7
E 20.602 41.203 82.407 164.81 329.63 659.26 1318.5 2637.0 5274.0
D# 19.445 38.891 77.782 155.56 311.13 622.25 12445 2489.0 4978.0
D 18.354 36.708 73.416 146.83 293.66 587.33 1174.7 2349.3 4698.6
C# 17.324 34.648 69.296 138.59 277.18 554.37 1108.7 2217.5 4434.9
C 16.352 32.703 65.406 130.81 261.63 523.25 1046.5 2093.0 4186.0

Fig. 2 — THE STANDARD FREQUENCIES of the Western 12-note equally
tempered music scale. Applies to most electronic and conventional musical
instruments EXCEPT the piano. The piano keyboards must be "stretched"
because of a piano’s non-harmonic overtones.

Finally, | have posted some great
IBM wavelet shareware on my GEnie
PSRT as the file #365 WAVELET.PAK.
Y ou can call (800) 638-9636 for your
connect info.

A New Caller ID Circuit

Motorola has just introduced an
exciting new phone caller identi-
fication chip called the MC145447.
Free samples are available. They also
have a very convenient but somewhat

The 12 equally tempered musical
keys repeat each OCTAVE, or 2:1
frequency interval.

This means each note is related to
its neighbor by a geometric ratio of
the 12th root of two, or 1.05946:1
Only this "magic" sequence of 8-bit
divisors is good enough to let all of
the notes sound good together...

232 219 207 195 184 174 164
155 146 138 130 123 116

Here is the better 9-bit "magic"
sequence used by the MK50240...

478 451 426 402 379 358 338
319 301 284 268 253 239

Fig. 3 - THE EQUALLY TEMPERED
notes are all irrational, so only this
single "magic" 8-bit sequence of
division ratios can be a good enough
approximation.

overpriced $100 evaluation kit bread-
board that gives you a full telephone
to computer serial interface.

Figure one shows one of many
possible circuits. Thisoneisintended
for continuous powering.

Compared to the earlier chips, the
MC145447 includes an internal ring
detection and apparently can be used
without an expensive coupling trans-
former. It optionally strips that id
header off and provides only "real"
message bits. That’s the difference
between their raw data output (the
entire caller id byte sequence) and the
cooked data (only the useful bytes)
message strings.

Note that those two 500 pf input
capacitors must be closely matched
and rated to at least 1500 volts. A
varistor and the normal part 68 in-
terface should precede this circuit.
The output levels are TTL or CMOS
compatible, but have to get suitably
translated to go over a RS-232 serial
cable or dataline.

The crystal used is a standard color
burst frequency available for under a
dollar through several of our Radio-
Electronics advertisers.

Naturally, your caller ID service
must be already provided by your
phone company before either the chip
or the evaluation kit will work. If the
service is not yet available, suitable

machine language emul ation software
can be easily written for nearly any
computer. The game paddle port on
an Apple lleis absolutely ideal as a
fake source of id coding signals.

We'll be seeing much more on this
chip and suitable emulation software
after | get a better chance to more
thoroughly test it. The obvious thing
to do isto "steal" enough power off a
computer’s RS232 interface lines to
eliminate any need for a stand-alone
power supply. Internal power-down
features of this MC145447 can greatly
simplify this task.

Stay tuned for more details.

The IC Master

Finding out just who makes an
integrated circuit from just the part
number can be tricky. Especially if
you are mistakenly reading the date
code instead. As you have probably
found out on your own, Radio Shack
has a quite useful Semiconductor Ref-
erence Guide available for $4.

We've already seen how the two
|eading sources of service, repair, and
replacement semiconductors are NTE
and ECG. Parts and training specific
to RCA and GE products are also
available through Thomson Consumer
Electronics Publications. This is an
extension of the old "SK" series of
replacement parts.

But the place to go for information
on integrated circuits part numbers
and cross references is athree volume
set known as the IC Master which is
published by those Hearst Business
Communications folks. The set is not
cheap — it costs $160.

Hearst also does publish the fine
Electronic Products trade journal,
plus their EEM Master directories.
These are usually free to qualified
subscribers. But note that the EEM
Master and their IC Master are two
totally different and separate sets of
references.

Top Octave Generators

This topic is more in the realm of
"whatever did happen to..." than
anything else. But we still get lots of
helpline calls concerning top octave
generators, especially in the Mostek
MK50240 family. The bottom line:
These are long out of date. They also
have recently become impossibly
difficult to get.
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The traditional western musical
scale is based upon twelve equally
tempered notes per octave. An octave
is a 2:1 frequency interval. Each
individual note gets related by the
twelfth root of two, or 1.059, times
the frequency of its neighbor.

The notes, of course, are |ettered as
C,C#, D, D#, E, F, F#, G, G#, A, A#, B,
and back around to the next C one
octave higher. The traditional organ
people number the octaves from zero
up through eight. The usual "standard
pitch" frequency reference sets note
A4 to precisely 440.0 Hertz.

The usual twelve-note-per-octave
equally tempered frequencies appear
in figure two.

Because all of these music note
frequencies are irrational, they have
to be approximated. One way to do
this is to take a high frequency clock
and divide it down by magic numbers
which can hit the needed accuracy.
Musicians define the interval between
notes as one semitone, and further
define one percent of a semitone as a
cent. A one cent frequency error is
approximately 0.06 percent.

Reasonably trained individuals us-
ually can spot a three cent frequency
error, while the best of professional
musicians can resolve a single cent.
Thus, the relative frequency accuracy
of all the notes should be better than
0.06 percent.

To get all of the notes to sound
good together, well chosen "magic"
division ratios must be used. Figure
three shows some detail. Of all the
possible 8-Bit divisor values, only the
unique sequence of 116 123 ... 232 is
good enough for a three cent worst
case accuracy. If you have more bits
available, then other sequences are
also usable.

Figure four shows you how a top
octave generator works. Thisisan old
N-channel integrated circuit that runs
on a single 12 volt supply. An input
clocking of 2.000240 Megahertz is
required. This clock can come from a
crystal for an absolute reference, or
else can be variable for pitch blending
or for keyboard stretching variations.
Thirteen outputs are provided, giving
you all the notes of the highest octave
plus a spare C an octave lower.

To generate lower notes, you can
either divide down the input clock for
a single octave, or else add output

dividers to generate the entire music
keyboard as shown in figure five.

Hackers have long ago found lots
of other exciting uses for top octave
generators. These include musician’s
pitch references, piano tuning aides,
meditation and musical toys.

Perhaps one of the most off-the-
wall new-age uses did involve John
Simonton’s chord egg. Polyphonic
chords gotten from a lowered pitch
top octave generator were chosen at
random and routed to a stereo head-
set. By suitable delay and phasing
techniques, the apparent source of the
stereo sounds is forced between your
ears, and the chords literally bounce
around inside your head. A few chord
eggs remain available through PAIA
electronics.

Assembly details on a traditional
top-octave generator music module
system appeared long ago in the June
1976 issue of Popular Electronics.

There are several reasons why the
top octave generators are no longer
popular. The "locked in" nature of
octave-shifted notes sound as asingle
richer tone, rather than as a separate
pair of chorused voices. Having all
the notes sounding all the time in the
background can lead you to serious
system noise problems. Zillions of
wires are needed since the keyboard
is usually non-scanned. The envelope
and voicing opportunities are also
severely limited.

But the main reason is that MIDI-
based and all-digital sampled synthe-
sizers do so much of a better jobin a

far cheaper, a far simpler, and far
cleaner system architecture. Besides
being infinitely more flexible and
sounding much better.

At any rate, new sources of top
octave generators seem to be long
gone. A very few of the original chips
may remain available through PAIA
or Devtronix on a catch-as-catch-can
basis. It should also be possible to
fake the top octave generators with
programmable gate array devices.
The FPGA costs are dropping rapidly
enough to make this possible.

Do note that any pitch reference
must be a nearly pure sinewave. Any
higher harmonics will fool the ear and
cause potential tuning problems.

Finally, if you know of any secret
stashes of this one time great chip, be
sure to let us know.

Piano and Organ Resources

| thought I’ d gather together some
traditional music names and numbers
for this month’ s resource sidebar. The
leading source for most piano tuning
materials and supplies is at Tuner’s
Supply, while the best source for an-
tique instrument parts and datais the
Player Piano Company. And a good
horse’s mouth book is Piano Tuning
and Allied Arts.

But do note that piano tuning is (1)
A lot harder than it appears; (2) A
miniscule, unprofitable, and rapidly
declining market; and (3) an easy way
to cause irreparable damage.

Note also that most piano keys are
never tuned to all their "correct” fre-

Inputs and outputs are 12 volt square waves

2.00240 Mhz
CLOCK
INPUT

C7T C8 BT A¥T AT G#7 G7 F#T

MK50240
12 N GND C#7 07 D#T E7 7

CC# DD#EE FFt GGHAAEB C
OUTPUT TONES

0o 0 0 o O O

Fig. 4 — TOP OCTAVE GENERATOR integrated circuits produce all the
needed notes of the musical scale. Input or output lines can be binarily divided
for lower octaves. Sadly, these chips are getting hard to find.
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guencies. Instead, the keyboard has to
be "stretched" to allow for the non-
harmonic nature of real world string
overtones. And that it takes several
weeks to properly tune a piano.

One classic kit organ company is
Devtronix, while PAIA offers a wide
range of traditional to new age Kits.

An excellent source for electronic
music titles is the MIX Bookshelf,
stocked by the folks that also publish
the Electronic Musician magazine.
Fundamental synthesizer secrets can
often show up first in the Journal of
the Audio Engineering Society.

Some additional electronic music

resources do appear in my Hardware
Hacker Il reprints.

New Tech Lit

A great "gottahave" Video Data
Handbook from Signetics Philips that
is chock full of digital video interface
chips, RGB digitizers, multi-media
chips, sync strippers, color decoding,
and the usual A/D and D/A conversion
chips and circuits.

Speaking of multimedia, the Media
Magic people do offer aComputersin
Science and Art catalog full of good
books, tapes, and software.

A free bibliography of papers on

Audio
output

TOP OCTAVE
GENERATOR

i

filters

B7

AHT
A7
G#7

G7

F#7

F7

E7

D#7

D7

C#7

c7

B6
A#6
A6
G#6

G6

F#6

F6

E6

D#6

D6

C#6

lower
octaves

T

C6

From
lower
octaves

Fig. 5 — A TRADITIONAL ELECTRONIC ORGAN architecture using top
octave generators and dividers. Today’'s MIDI-based sampled synthesizer
circuits produce far better sound simpler and in infinitely wider variety.

PIANO & ORGAN
RESOURCES

Devtronix

6101 Warehouse Way
Sacramento, CA 95826
(916) 381-6203

Jrnl Audio Engineering Soc
60 East 42nd Street, Rm 2520
New York City, NY 10165
(212) 661-2355

MIX Bookshelf

6400 Hollis Street, Ste 12
Emeryville, CA 94608
(800) 233-9604

PAIA Electronics
3200 Teakwood Lane
Edmond, OK 73013
(405) 340-6300

Player Piano Company
704 East Douglas
Wichita, KS 67202
(316) 263-3241

Tuners Supply

88-94 Wheatland Street
Somerville, MA 02145
(800) 247-0702

microwave plasma applications is
offered by Astex.

From Antique Electronic Supply, a
1992 wholesale catalog of supplies,
books, tubes, info, and parts for the
electronic collector. We've had lots
of calls from experimenters trying to
find Fahnstock clips in this day and
age. These folks are one of the few
remaining suppliers.

Another trade journal on magnetic
and electric shielding ideas is EMC
Technology. And a wide selection of
aircraft hacker books is available by
way of Aircraft Designs.

This month’s freebie mechanical
samples include foams, films, and
foils from ARclad, a Foam Specifier
Kit from Voltek, and some self-stick
bumpers from I TW/Fastex.

A reminder that | have recently
revised my Incredible Secret Money
Machine 11 and now do have auto-
graphed copies on hand for you when
you call or write. You can get the
ISMM by itself or as a portion of my
Lancaster Classics Library.

You can also reach me via GEnie
PSRT (800) 638-9636 where you will
find hundreds of downloadable files
and tutorials on hardware hacking
and midnight engineering topics.

Let’s hear from youO
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e will start out with our
usual reminder that thisis
your column and you can
get lots of technical help,
off-the-wall networking, plus con-
sultant referrals per the box below.
Y our best calling times are from 8-5
weekdays, mountain standard time.

But please, before you call, make
sure that the answer isn't already in
the text or in the Names and Numbers
or in our occasional special resource
sidebars. And please have a pencil or
pen handy. | just cannot believe the
number of calls| get that either refuse
to look at or can’t find the sidebars.

| am also greatly expanding our
informal PostScript Hardware Hack-
ing Consultants Network. Send me a
letter or give me acall if you wish to
participate.

We also do have special Hardware
Hacker and Midnight Engineering
topics up on GEnie PSRT. Y ou could
reach me via [SYNERGETICS] email
here to get the preprints, reprints,
tutorials, and other great downloads
in our ongoing experiment in elec-
tronic on-demand publishing. Plus,
receive late breaking news (especially
on PostScript, solar energy, and caller
ID) literally as it happens.

We do have lots this month on the
Super Nintendo interface. But first...

A GPS Update

We sure had strong reader interest
in our GPS navigation story from two
columns back, so here is a quickie
update:

That GPS, (for Global Positioning
Satellite system) is a flock of roving
satellites which do broadcast spread
spectrum codes on 1227.6 and 1575.2
Megahertz. By receiving these signals
and digitally processing them, you
can obtain your exact position and
speed anywhere in the world. To an
absolute accuracy of ahundred feet or
so, and a potential relative accuracy
of an inch or less. Thus GPS can be
used for long distance navigation and
for accurate surveying.

The horse’s mouth key paper you
need is known as the 1CD-GPS-200

(

Laser printing repairs

Sync separator circuit

GPS navigation update
Video interface module
Hacking Super Nintendo

document and is obtainable at no
charge to US citizens through Space
Systems Division/MZEE. You must
send them a letter stating your name
and purpose.

A great $12 Dan Doberstein reprint
titled A GPS Data Receiver is newly
available through DKD Instruments.
This includes an excellent tutorial on
GPS, full construction details on his
ham radio style GPS receiver, and an
extensive bibliography. The receiver
is both data-only and an older analog
design. While specifically designed
with hardware hacking in mind, this
receiver is definitely not a "shake the
box" project. You’'ll need microwave,
digital logic, rf design, and software
skills to sucessfully completeit. Your
costs are also likely to be very much
higher than by using a modern digital
chip set as well.

Good nav technical papers often do
appear in the Journal of the Institute
of Navigation. These folks also have
a new three volume GPS Resource
File available for $50.

The prices of the commercial GPS

receivers are literally in free fall, and
I’d expect a $35 chip set and a $79.95
receiver within five years. Today’s
best offer in a high quality receiver
useful for trucking companies and
such appears to be the GPS-1 from
Loyola Enterprises. The current list
price is $795 plus software.

Note that all the GPS signals are
right on top of each other and deeply
buried in background noise, so any
old surplus microwave receiver tuned
to the GPS frequencies will show you
nothing useful at all. Special digital
despreading circuits must get built
into your receiver.

Il try to work up atutorial on GPS
in a future column. But | think I'd
better first do some background stuff
on the very fundamentals of digital
correlation and spread spectrum com-
munications. Whenever.

Video Sync Separation

Another popular helpline topic is
video interface. And the number one
ongoing request is for a simple and
effective sync separator. The sync

680K

GREEN-

~

i

GREEN+

0.1pF 0.1pF 4.7K
014

= ==
+ [+ |+

]

BLUE+ 220pF/6v

(x3)

RED+

{

0.1pF

GND I

+5V.0DD RC BUR

LM1881

.CS VIN VER GND

!

Fig. 1 — THIS COMBINATION SYNC STRIPPER and universal video interface
can solve a lot of problems for you, including Super-Nitendo-to-anything
interfacing, video overlay, and scope TV frame locking. Kits, fully tested units,
and custom cable assemblies are available through Redmond Cable.
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UNIVERSAL SYNC & VIDEO INTERFACE

Fig. 2 — PRINTED CIRCUIT BOARD LAYOUT and overlay for the universal
video interface. Accurate and camera-ready art is also available via GEnie
PSRT as file HACKFG51.PS. PostScript downloads can easily eliminate all of

your darkroom work.

separation process lets you take your
normal composite video signals and
extract those horizontal and vertical
synchronizing pulses from it.

The most obvious use for a sync
separation is to let you clearly view
video signals on your oscilloscope.
Without afield or frame reference, all
you will seeis ablur. Other uses for
sync separation do involve stripping
closed captioning or other data off
specific horizontal lines present du-
ring vertical retrace, grabbing stock
quotes, inserting windows, pattern
generators, title overlays, wiping and
fades, color keying, and other special
effects. Or simply adding a pair of
crosshairs.

Figure one shows you a simple and
low cost circuit I've worked up that
can combine both an effective sync
separator and a low cost universal
video interface card. The key chip is
the National LM 1881 sync separator
mini-dip. You take your usual one to
two volt positive going sync=ground
video signal and capacitor coupleit to
pin 2. The chip extracts the composite
video and produces the active low
TTL/CMOS compatible composite
sync output on pin 1.

Several other pins on the LM1881

provide other functions that you may
find handy. Pin 3 gives you a vertical
sync reference as one single pulse
without the usual teeth or serrations.
Thisis the one you will usually want
to lock your scope to. Pin 5 is a burst
gate that gives you a slightly delayed
horizontal sync pulse that can be used
to extract any NTSC (Never The Same
Color) chroma burst info.

An RC network found on pin 6 is
intended to create a default vertical
sync in absence of atrue NTSC video
input. This is handy for the "almost"
NTSC common to the computers and
video games. The time constant can
be shortened for higher scan rates; see
the National data sheet for details.

Finally, pin 7 lets you pick out the
odd and even fields of an interlaced
NTSC frame. This output is active
only when the input composite video
has a full interlace. Advanced color
editing is one possible use.

An external source of the usual five
volts DC is needed. Since the current
isonly seven milliamperes, just about
any old supply will do. Asusual, keep
the power bypass caps real close to
your chips.

Several other features on the circuit
are handy for special video interface

cables. The three large capacitors let
you couple red, blue, or green video
off emitter follower outputs and then
connect them to RGB monitors. A 75
ohm resistor is handy for terminating
cables. And alogical high signal is
useful for such things as enabling the
sound on certain receiver/monitors.

By itself, the inverter is handy for
converting active low sync into active
high and vice versa. While most of
the video systems do use active low
sync, Commodore and one or two of
the others may not.

The printed circuit layout is shown
you in figure two. Empty boards, kits,
tested circuits, and both stock and
custom interface cables are available
from Redmond Cable. Y ou can call or
write them for a current pricelist. I'll
also post this layout on GEnie PSRT,
SO you can easily create your own
accurate version without needing any
photo work. See HACKFG51.PS.

Y ou may want to keep some empty
or partially populated boards on hand
to solve special cabling and interface
uses. The large runaround ground on
the outside is especially handy for
shielded cable terminations.

For this month’s contest, just tell
me about an unusual or off-the-wall
use for a sync stripper circuit. There
will be all of those usual Incredible
Secret Money Machine |1 book prizes,
along with an all expense paid (FOB
Thatcher, AZ) tinaja quest for two
going to the very best of all. Asusual,
send your written entries directly to
me at Synergetics, rather than over to
Radio-Electronics editorial.

Let’'s hear from you.

Nintendo-to-Anything Interface

As figure three shows us, there's a
very interesting Multi-Out connector
on the back of those Super Nintendo
game machines. This gives you lots
of alternate video and sound output
formats that you might find handy.

For instance, you can go to a RGB
monitor for sharper images and better
colors. Or add total stereo sound or
Super VHS improved resolution.

Or, you may want to hang any old
tv-compatible color monitor plus a
pair of headphones on the machine to
silence kids and keep them off your
main prime time television set.

Let us see exactly what is on this
connector and how to use it. By a
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special arrangement with Redmond
Cable, all the connectors, the above
interface kit, and special and stock
cable solutions for almost any Super
Nintendo interface are available.

The Multi-out connector is really
six-over-six edge traces on a double
sided circuit board. Looking at the
rear, the traces are odd numbered
1,3,5,7,9,11 on the top, going right to
left. And the similar pins are even
numbered 2,4,6,8,10,12 on the bottom,
again going from right to | eft.

Both pins 7 and 8 are grounds. The
pair make terminating several shield-
ed wires much easier.

A +5 vdc output is provided on pin
10. It appears to be capable of driving
at least 50 milliamperes. But you
shouldn’t suck the poor machine dry,
and you should very carefully bypass
and filter any use of this supply.

There are a pair of sound outputs.
Pin 11 is your choice of monophonic
sound or a (L + R) matrixed stereo.
Note that "left" plus "right" equals
"both". Pin 12 is (L - R) matrixed
stereo. These signals are capacitor
coupled and are the proper size for
your usual audio inputs on a hi-fi
receiver or computer monitor.

Note that some computer monitors
have a sound capability and some do
not. The easiest way to tell isto find
an obvious volume control located
somewhere on your set. No volume
control, no sound. Other monitors
may need a special pin activated to
turn the sound off or on. We'll see an
example of this shortly.

All your sound cables should, of
course, be shielded.

Sadly, the power levels are far too
low to usefully drive a speaker or a
pair of headphones. But Radio Shack
has an interesting beastie which no
Hardware Hacker should be without.
It is their #227-1008C mini-amplifier
and speaker. The (L + R) output eas-
ily drives this mini-amp, by way of a
standard miniature phone plug.

This mini-amp solves the problem
of a monitor that has no sound. You
can also plug headphones into your
mini-amp for any silent running. The
mini-amp is powered by your choice
of an internal alkaline 9 volt battery
or by a plug-in 9 volt dc supply.

Because of the matrix used, you
cannot get stereo directly off of pins
11 and 12. Instead, you have to add

| 7 | suPER VHS "y |

The luminance channel for Super
VHS video appears on this line.

One volt peak to peak into a 75Q
load. Internally capacitor coupled.

[9 [ NTsc viDEO |

Plain old NTSC composite video
appears on this line. The sync
tips are at ground.

One volt peak to peak into a 75Q
load. Internally capacitor coupled.

L+R SOUND

The monophonic and stereo
matrixed sum sound appears
on this pin.

One volt peak is suitable for
amplifiers but not headphones.

5 | GROUND

A pair of ground pins is
provided to ease terminating
of shielded video and audio
cables.

/RGB SYNC

For linear RGB monitor use.
Active low combined vertical
and horizontal sync pulses.

0 to 5 volt high logic source is
CMOS and TTL compatable.

RED VIDEO

For linear RGB monitor use.
One volt peak-to-peak off of
an emitter follower source.

Requires a series 200 pfd
coupling capacitor.

|

[
[i
L-R SOUND

The stereo matrixed difference
signal appears on this pin.

Add pins 11 and 12 for left
stereo; subtract them for right
stereo output signals.

|10 | +svoLTspc b— |

A limited amount of +5 volts
supply power may be drawn out
of this pin for sync inverters or
doing a stereo dematrixing.

Limit current to 50 milliamperes
and use thorough bypassing.

| 8 | suPER vHs "C" |

" 2 | GREEN VIDEO |

For linear RGB monitor use.
One volt peak-to-peak off of
an emitter follower source.

Requires a series 200 pfd
coupling capacitor.

L4 | BLUE viDEO |

For linear RGB monitor use.
One volt peak-to-peak off of
an emitter follower source.

Requires a series 200 pfd
coupling capacitor.

The chroma channel for Super
VHS video appears on this line.

One volt peak to peak into a 75Q
load. Internally capacitor coupled.

6 | GROUND

A pair of ground pins is
provided to ease terminating
of shielded video and audio
cables.

Fig. 3 — THE SUPER NINTENDO MULTI-OUT REAR CONNECTOR has all
sorts of useful video and audio options available. Here are the key details.

the two signal s together to get the left
channel, and subtract the two signals
from each other to pick up the right
channel. Like so...

L+R)+(L-R)=2L
(L+R)-(L-R)=2R

A stereo dematrix can be done with
a quad op-amp or a transformer and
four resistors. In theory, you could
make use of a CMOS biased inverter
amplifier, but your common mode

supply noise rejection might suffer on
your right channel. More details on
biased inverter amplifiers appear in
my CMOS Cookbook.

Let me know if you need any more
info on stereo matrix extraction.

There are three different types of
video outputs found on the multi-out
connector. Plain old grounded sync
composite video appears on pin 9.
This can be routed to any standard
NTSC video input on a monitor, VCR
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or television set. Note that a direct
video input will often have sharper
images and better colors than does
entry by way of some channel 3 or 4
modulator. Simply because far less
electronics gets in the way and an RF
modulation and demodulation can be
eliminated.

Super VHS or Y-C video appears on
pins 7 and 8 with that luminance "Y"
output on pin 7 and the chrominance
or "C" output on pin 8. These can be
routed to any system which accepts
Y-C video. Because of the separation
of all the color information and the
higher bandwidths, these Y -C outputs
should look far better than regular
composite video.

The best video of all, though, is
available as a separate red (on pin 1),
green (pin 2) and blue (pin 4) video.
These red, blue, and green outputs do
come off from emitter followers and
have a strong dc bias. They must be
capacitor coupled to your ultimate
destination using a 220 microfarad or
higher series capacitor on each line.
Be certain to put the (+) side of the
capacitor on the Nintendo end.

The needed RGB sync appears on a
fourth active low line on pin 3. The
active low sync is correct for Apple
I1GS, Sony, and most "standard" RGB
uses. It is the complement of what is
needed for Commodore and certain
others. The line swings ground to

SUPER NINTENDO
(multi-out 12 female)

(A) APPLE I1IGS A2M6014 MONITOR

]
Q@
z
o
APPLE IIGS A2M6014
(DB15 male)

EXTERNAL
AUDIO

GND

RGND
—@ BGND N
GGND %
IS E @) ISYNC o £
oo
o2 ono (5 7 @® o o3
S E creeN (D @:’p—”ur’ GREEN ~ S9
2 §  BLUE %%ﬁ)@ BLUE 2 g
zE RED @{Hﬁ)@ RED 2
g2 L+R @D——= AUDIO 2
“E  Genp = (G2 SENBLL <

(B) SONY KV1311CR RECEIVER/MONITOR

ISYNC @—|>o—@ SYNC

(33 SENBL2

GREEN

SUPER NINTENDO
(multi-out 12 female)

o)

+@:}V:) GREEN
BLUE %ﬂﬁ;é BLUE
RED T RED
GND

(C) COMMODORE 1084 MONITOR

(@ oGND

COMMODORE 1084
(LinRGB DIN-5 male)

INTERNAL
AUDIO

Fig. 4 TYPICAL SUPER NINTENDO TO LINEAR RGB VIDEO MONITOR
interface connections can give you sharper resolution and better colors.

+2.4, but is only weakly TTL compat-
ible. More on this next month.

Note that some connector plugs do
not have all of their pins available,
especially for the RGB sync and VHS
chroma. The Redmond plugs include
al of the pins.

Several interface circuits appear in
figure four. In each case, a partially
populated figure one circuit can be
used to greatly simplify your cables
and interface.

Infigure 4-A, you can connect RGB
video to any Apple IIGS monitor by
using the three serial video capacitors
and the right connector on each end
of your cable. Since the 11GS monitor
has no speaker, you have to use a hi-fi
or the Radio Shack mini-amp.

Figure 4-B, shows an interface to
the older Sony KV1311-CR receiver/
monitor. Again, we have those three
serial video capacitors. Thistime, we
use an enabling resistor to turn on the
internal sound and eliminate any need
for a companion amplifier.

The interface to the Commodore
1084 color monitor is shown in figure
4-C. Asusual, the red, blue, and green
video have to be capacitor coupled to
the appropriate pins on the LinRGB
connector. This time, an active-high
sync is needed rather than active-low,
so the inverter must get added as
shown. While the sound isinternal, it
has to be routed via a separate audio
cable and phono plug that goes into
the Audio input. The size and position
adjustments on the back may also
need a slight readjustment.

Yes, we are working on VGA and
multi-sync solutions. Stay tuned or
check GEnie PSRT for availability.

Once again, some mix and match
kits, all-pin connectors, parts, and
cables are available from Redmond
Cable. Do let me know which other
interface circuits you would like to
see worked out.

Laser Printer Repair Resources

Where can you go to get training,
parts, and information on today’s
laser printers? Many of the printer
manufacturers are super secretive and
go far out of their way to prevent you
from getting the parts and materials
you need to best use your printer and
to cheaply keep it alive. So, for this
month’s resource sidebar, | thought
we'd gather together some of the best
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of the laser repair resources.

The overwhelming majority of all
laser printers use Canon engines, so
that is usually where you'll want to
start. Hewlett Packard has by far the
best and the most available Canon
manuals in the industry. And since a
SX engine is a SX engine, those HP
manuals are most useful on similar
Apple, QMS, and lesser machines.

Figure five summarizes the key HP
service manuals, along with some of
the competing machines they cover.
HP recently has sharply raised all of
their service manual prices. Many are
in the $100 range. Even at this price,
they pay for themselves on their first
use. They are essential gottahaves.

HP does also sell parts to anybody
overnight via VISA and an 800 order
line. Again sadly, individual parts are
hard to get. They prefer to sell you an
entire $50 fan instead of the 50 cent
grommet which is the only thing that
ever goes wrong with the fan.

The best place to go for individual
partsis Don Thompson, who also how
offers by far the finest of multi-level
training and repair seminars in the
entire industry.

My two favorite places for toner
refilling supplies and materials are
Arlin Shepard of Lazer Products, and
Walt Jeffries and his crew at Black
Lightning. The latter are also into the
special toners for fabric printing and
printed circuits as well.

Black Lightning also publishes The
Flash, a free and friendly newsletter
crammed full of useful desktop info.

There are several laser printing and
toner recharging trade journals, but
the only one of any consequence is
Recharger. They are already up to
several hundred pages per issue, and
list dozens of suppliers for just about
any laser printing repair need.

| do try to carry alot of toner and
laser printer repair stuff on our GEnie
PSRT. We also have on-line real time
conferences with the leaders in this
field. Both those upcoming and as
bunches of downloadable transcripts.
These files usually will start off with
an "RTC" prefix.

New Tech Lit

From SGS/'Thomson a new Modem
Databook and Applications manual.
From Benchmarq, a 1991 Databook
on their energy management (power
switching) chipsfor laptops, real time
clocks, and non-volatile memories.

A new and very thorough Heatsink
Application Handbook is available
from Aham Tor. TV satellite products
and info are offered by AIS Satellite
and Skyvision. Both do provide free
catalogs. Skyvision has a very good
satellite book selection.

Our two new trade journals for this
month include Electronic Product
Review on new component parts and
CADalyst for those users of AutoCad

HP MANUAL HP PRINTER APPLE PRINTER QMS PRINTER
02686-90920 LaserJet | LaserWriter PS800
(CX Engine) LaserWriter Plus
LaserWriter NT PS810 & Turbo
33449-90906 LaserJet Il LaserWriter NTX PS820 & Turbo
(SX Engine) LaserJet Il LaserWriter F PS815-MR
LaserWriter G PS825-MR
33459-90906 LaserJet IID —-———— —-———=
(SX Engine) LaserJet [IID
33471-90904 LaserJet IIP Personal LW NT PS410
(LX Engine)
33491-90929 LaserJet llIsi -———— ———
(Sl Engine)

Fig. 5 — THESE HEWLETT-PACKARD LASER SERVICE MANUALS can be
used for mechanical repairs on most of the printers shown here. While
expensive, they are the best info available, and far easier to get than many of

the others.

LASER PRINTER
REPAIR RESOURCES

Black Lightning

RR 1-87 Depot Road
Hartland, VT 05048
(800) BLACK99

GEnie

401 North Washington Street
Rockville, MD 20850

(800) 638-9636

Hewlett-Packard
PO Box 10301

Palo Alto, CA 94303
(415) 857-1501

Lazer Products

12741 East Caley Ave #130
Englewood, CO 80155
(303) 792-5277

Recharger

101 Granite St Suite F
Corona, CA 91719
(714) 359-8570

Don Thompson

23072 Lake Center Dr #100
El Toro, CA 92630

(800) 457-5776

CAD/CAM systems.

Those folks at Small Parts always
have been a great place to go for all
the robotic and mechanical stuff your
hardware store never heard of. As
well as any precut plastic and metal
shapes. They have recently moved to
larger quarters, so you may want to
note their new address and pick up a
new and free catal og.

A free School Shop catalog from
Rutland offers all the usual machine
shop tools and supplies.

As per usual, most of the Names &
Numbers are shown in the ending
appendix, while the Piano & Organ
Resour ces appear in their own sidebar
shown above.

A no-charge sample of backlit fiber
optic displaysis newly available from
Serigraph, while the Caplugs people
offer a free sample idea kit on their
plastic plugs, caps, and enclosures.

A reminder that | now do stock my
Active Filter Cookbook for all of the
fundamentals of quickly building up
your own analog lowpass, bandpass,
and highpass filter circuits. |’ ve got
autographed copies on hand for you
here at Synergetics when you call or
write. You can get this book by itself
or as one portion of my Lancaster
Classics Library.O
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et’'s start off with an update
to those Nintendo interface
circuits we looked into last
month. For those of you who
came in late, you will find a special
connector at the rear of the Super
Nintendo machines that can let you
connect up to stereo amplifiers, head-
phones, RGB monitors, Super VHS
recorders, and bunches more.

We did look at this connector in
some detail last month and we saw
several useful and low cost interface
circuits. And we found that Redmond
Cable offers all sorts of custom and
stock video game interface kits.

But after some further testing, the
RGB SYNC line on a Super Nintendo
connector pin threeis not quite what it
appears to be. As figure one shows
you, this pin looks like it should be
both CMOS and TTL compatible, but it
is not. You can't pull it up fully for
CMOS and there isn’t enough current
sinking capability for much of TTL.
Some (but not all) RGB monitors will
refuse to lock to this output.

The problem is that the output does
not come from a "real" logic gate. It
apparently arrives from an emitter
follower which has a weak pulldown
resistor. And alow supply voltage.

There seem to be several simple
workarounds you can try. The easiest
isto add the external 680 ohm resistor
shown. This should give you enough
current sinking for typical LS TTL
inputs. Use a scope to verify your
levels. There is even a place on last
month'’s circuit board for the resistor.

Otherwise, you should be able to
directly interface to any low cost but
rare 74HCT CMOS logic. Or you can
use the sync stripper circuit we saw
last month as a substitute, deriving
your sync from the composite NTSC
video instead.

Finally, next month we might look
at a simple sync amplifier which also
will be needed for an upcoming new
Neo-Geo interface. It should also work
and is based on adding feedback to a
4049 inverter to make it into a simple
ac amplifier.

So do stay tuned.

FM stereo broadcasters
Super Nintendo update
CD to car radio adaptors
DYS and other resources
Ockham'’s razor revisited

Ockham'’s Razor

See, | even got the spelling correct.
William of Ockham was a fourteenth
century English philosopher. Para-
phrased, Ockham’s really big thing in
life was that "The simplest possible
explanation is usually the best — and
probably also the most correct." And
Ockham'’s Razor can be your ongoing
process of slicing away and reducing
everything to its bare (but still quite
correct) essentials.

Very few engineering design
courses ever mention Ockham. But his
razor should be the very center of
virtually all engineering design, all
analysis, development, debugging, and
repair. So, | thought I’ d use Ockham’s
razor as an excuse to gather together
and simplify the few loose helpline
odds and ends that I’ ve been meaning
to comment on anyway ...

Cold Fusion— Ockham says they
had their chance to get their act to-
gether and they blew it. Yes, strange
amounts of heat can apparently be
produced in highly unusual lab cir-
cumstances. No, such rather mundane
reasons as hydrogen fires, mixed gas
fuel cells, or an embrittlement stress
relief have not been totally ruled out.
And no, | have not seen so much as
one credible and reproducible shred of
evidence that anything atomic is in

fact coming down. Barring any new
developments, cold fusion seems to be
on hold. And probably remains a
sucker bet for hackers at this time.

Pseudo Radio Astronomy— Several
years back, a "radio astronomy" re-
ceiver appeared in RE that seemed to
be responding to extragalactic signals
in a circuit which was vastly simpler
than those used by far more credible
researchers. I’ve often been asked for
my comments on this, so...

Ockham says the circuit was just a
simple analog thermometer that was
measuring the temperature drift of the
offset voltage of a 741 op amp. When
the sun set, so did the 741. And the
circuit capacitors that mysteriously
acquired charge are no mystery at all.
The effect is known as bounceback
and has to do with lateral charge mi-
gration in a dielectric.

Utility linemen do learn all about
bounceback in lecture one of day one
in lineman's school. And there is a
very simple way to spot any utility
lineman who knows all about bounce-
back: They are the ones still alive.

Now, this circuit may or may not
have in fact been receiving the extra-
galatic signals. But the temperature
drift and bounceback effects clearly
would have been many millions to
many billions of times larger. Thus
there would be no way to tell until all

N

SUPER NINTENDO
2.4 vdc (?)

multi-out

To LSTTL gate

10K

or RGB monitor
SYNC input
680Q

—24v

—0.2v

Fig. 1 — THE SUPER NINTENDO RGB SYNC output only looks like it is TTL or
CMOS compatible. Add the external resistor shown for a LSTTL interface.
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of these first order effects have been
carefully and painstakingly removed
from the circuit.

The Newman Motor— The Newman
Motor is (or was) a perpetual motion
machine that still seems to be ekeing
out a meager existence on late night
talk shows. This one-time media
circus has been around for a decade or
more. Yet, for some strange reason,
working models still remain few and
far between. Now, if we're going to
grant the true believers that some-
thing weird was in fact going on, then
Ockham’s razor reduces it down to
"sparks may lengthen battery life."

Which might bear further looking
into as a hacker topic. An ordinary
flashlight cell does not yield all of its
chemical energy whenever it "runs
down". Clearly, if so much as a tiny
scrap of the zinc case remains, then
recoverable chemical energy may still
remain. At least in theory. Instead, a
cell will polarize and thus raise its
series resistance to the point where it
can no longer deliver useful power.

What if you recycle afraction of the
power back into the cell as a high
current pulse? Say ten amps for ten
milliseconds per second in for every
continuous one amp out? Could this
in fact partially delay the increase of
cell resistance by slowing down the
polarization process? Or maybe just

warm the cell up to a more optimum
power delivery point?

Note that electroplaters do this all
the time. They occasionally reverse
their plating process and purposely
unplate for awhile. Thisimproves the
smoothness and does other good
things to the finish.

The obvious things to ask here are
"Does energy recycling help us at all ?"
and "What are the optimum recycling
pulse strengths and best duty cycles?"
"Does any higher frequency ac help?"
And, of course, "Even if all of these
effects do significantly improve life,
are the economics there?"

Let's have your thoughts on this.
Cell energy recycling does look like a
reasonable and legit research topic.
But a warning: do keep your target
carbon-zinc cells in a suitable "bomb
shelter" such as a paint can full of
sand. And do be careful.

Microcontrollers — The breakeven
point between using and not using a
CPU and RAM-ROM-I/O architecture
in any Hacker project was passed a
decade ago. Ockham says that it’s now
ridiculously faster, cheaper, and far
better to include the microprocessor
these days, rather than foolishly try-
ing to leave one out.

Yet | get all of these strange calls
for projects that require such things
as keyboards, displays, fancy timing,

Left audio input
(L+R) (L-R) Preemphasis FM reactance Buffer and
Stereo mux gen |—={ and driver | mod/oscillator |—={ bandpass filter
IC1, X1 Q1, Q2 D1, Q3, X2 Q4, BPF1 “
Right audio input
-~ == |
To car radio
From car antenna —© |
+12 vdc input :
|
i |
Switchable 1.4 volt dc Changeover
Pre-regulator |—={ Post-regulator |—={ relay driver
Q5,Q6,IC2 Q8 Q7, D4

!

Aux on/off input

Fig. 2 — MOST LOW END FM WIRELESS BROADCASTERS simply will no
longer work, because nearly all the newer synthesized receivers now DEMAND
precisely on-channel stations. The Pioneer CD-FM-1 (block diagram shown
here) generates exact frequency stereo FM signals.

strange sensors, and miniscule mar-
kets which could be done insanely
faster and cheaper by (A) first making
a model with a $30 Commodore 64
from a yard sale and then, if really
needed, (B) working out a one or two
chip RAM-ROM-I1/O solution.

Besides lots of really great micro-
controller projects found right here in
Radio-Electronics, you'll find lots of
others over in Steve Ciracia's Circuit
Cellar Ink. And | do offer my Micro
Cookbook | and Micro Cookbook I
that can get you started on many of the
fundamentals.

Wireless Broadcasters

One of the less pleasant hacker
surprises recently is that most low cost
FM wireless broadcaster circuits flat
out will no longer work. Older analog
FM radios could get tuned anywhere
across the entire band and had a very
strong AFC or automatic frequency
control circuit which would lock onto
a non-standard signal and track it
anywhere. But nearly all of today’s
totally digitally synthesized FMre-
ceivers (especially most car radios)
absolutely demand the transmitted
signal to be precisely locked onto one
of the FM broadcast channels.

Designing any high quality FM
transmitter that is both ultra stable
and able to be rapidly and linearly
frequency modulated gets tricky fast.
Because you are asking for a circuit
that both will and will not change its
frequency. The "technically correct"
high end solution is to use an indirect
circuit known as the frequency lock
loop. The average output frequency
from your transmitter gets divided
down using a counter and compared
against a crystal reference. An error
signal is then derived phase lock loop
style and used with varactor diodes to
continuously force your transmitter
back onto the correct frequency.

Hams have long chosen a simpler
technique called crystal pulling. Y our
average crystal is slightly sensitive to
reactive loading in a circuit. The rule
of thumb is that you can pull a plain
old crystal around one-tenth percent.
But crystal pulling is usually highly
nonlinear. And limited in range.

To pick up enough deviation, hams
would start off with a low frequency
crystal and then multiply up into their
final 145 Megahertz or whatever freq
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range. Typical hams rarely concern
themselves with any wide deviation
broadcast quality audio. In fact, they
are not allowed to do so.

Apparently both Sony and Pioneer
have figured out how to linearly pull a
special third overtone HF crystal to
directly let you do a full CD quality
FM stereo transmitter that is precisely
locked onto your correct frequency.
Sony’s product is called the XA-7A,
and Pioneer’s is the CD-FM-1. While
the intended use of these unitsisto let
you conveniently add a CD stereo
player to your car radio, either one
will apparently make up most of the
critical circuitry for an excellent and
very high quality FM stereo wireless
broadcaster. Dealer cost of theseisin
the $42 range, and they seem to be fast
and fun to hack. And offer both on-
channel locking and near-broadcast
quality. We will look at the Pioneer
CD-FM-1 here.

Obvious uses for a short range FM
broadcaster include "Please buy my
house" messages for drivebys; baby
sitting or handicapped monitoring; and
cord-free audio for a teacher, a public
speaker or a video actor. But there's
also zillions of non-obvious uses, in-
cluding such things as getting data
onto or off of arotating shaft and short
range rocket telemetry.

Limited range and limited power
FM broadcasters are now generally
allowed by the FCC, while the more
powerful units have to meet specific
licensing and certain type approval
reguirements. More details on getting
and meeting FCC specs appear in our
Hardware Hacker 111 reprints. Both of
the unmodified Sony and Pioneer units
seem to have been created with full
FCC compliance in mind.

| could also see several wired or
semi-wireless broadcaster aps that
might use a twin lead to route high
quality audio all over your plant or
whereever. Using wires, you could
easily go several hundred feet with-
out running afoul of FCC specs. All
the while avoiding the hum and noise
problems of using "real" audio. And a
whole new world of point-of-sight
light modulated FM data links is also
newly opened up.

In their intended use, you unplug
your car radio antenna, plug in the
CD-FM-1, and then reconnect your
antenna. A DIN-8 connector goes to

your CD player, and the usual red wire
to your +12 volt battery.

When your CD gets turned on, its
audio appears at 88.1 on your FM dial.
All other stations are muted. Which

quickly and conveniently can let you
use your existing car audio sys- tem
without needing anything fancy in the
way of rework or switches.

A block diagram of this matchbox

= from +1.4 volt
regulated supply Q8

Var_actori u
PaIrDl w 601 2.2 uH
=cis5 L3

VVVY

LEFT
AUDIO
INPUT

10 pH 1500

RIN BAL BAL VCCXOUTCAR MOD REF 0SC

IC1 BA1404

R12

100
C12 20 R10

Q1

C13

Cl4
W

I
i€
I
2.2K "
. e
R8

TC1
hf pre-
emphasis

Q2

100
R11

LAMP

from antenna

to car radio

AUX

D3

J—pl
—»1

1 amp inline fuse

—

From 12 v battery

WARNING: Be sure to current limit the AUX input with an external 1K resistor!

+1.4 vdc
(source) C24

Fig. 3 — APPROXIMATE SCHEMATIC of the Pioneer CD-FM-1. While intended
as a CD audio to car radio adaptor, this module can easily become a highly
stable and on-channel FM stereo wireless broadcaster. Applying +12 volts to

the AUX input activates the module.
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sized module appears in figure two,
while an approximate and unofficial
schematic is shown in figure three.
Because of the surface mount parts
used, certain component values are
only my estimates. The exact circuit
shown also may not be fully accurate.

At first glance, this circuit seems
deceptively simple. But if you flip the
board over, you'll find nearly a dozen
more surface mount semiconductors
on your foil side. It is obvious that
bunches of time and effort went into
the design.

As with any circuit, you'll usually
want to start off with your power
distribution. The twelve volts from the
car battery gets turned off and on by
an AUX logic signal. The power is
only applied when your CD is to be
used. The power switching is viainput
switching field effect transistor Q5 and
series power driver Q6. Q6 is followed
by atwo volt regulator IC2 that in turn
is followed by the dynamic regulator
or capacitance multiplier at Q8. The
post-regulator will obviously intro-
duce a temperature drift that may or
may not be intentional.

Several refinements in the supply
switching include zener D2 to prevent
any turn-on at all with a weak battery
or during cranking; and the network
R27-C30 gives a slight turnoff delay to
eliminate clicks or thumps.

Except for that switchover relay, the
entire rest of the circuit runs on the
dynamically regulated 1.4 volt supply.
Theoretically, one single AA cell

could be used instead.

The heart of the circuit is the great
Rohm BA-1404 FM stereo broadcaster
chip which we have looked at in the
Hardware Hacker Il reprints. Only
this time, the internal RF transmitter
circuitry is not used and gets very
carefully deactivated. Left and right
audio are combined into the L+R
baseband and L-R subcarrier set by
that 38 kilohertz X1 crystal pilot 2X
reference. Control VR1 adjusts your
balance and VR2 sets the 19 kilohertz
pilot level.

The multiplexed audio output is
resistively added to the pilot and gets
routed to a combination driver and
preemphasis network using Q1 and
Q2. The amount of high frequency
preemphasis is adjusted by TC1.

The linear and broadband "crystal
puller" is an interesting reactance
modulator scheme using a pair of
varactor diodes at D1. A simplified
circuit of the modulator appears in
figure four. What you’'ve got is a
crystal put in series with the parallel
resonant circuit "A" in turn in series
with a second resonant circuit "B".

Tank "A" is tuned well below the
crystal’s parallel resonance and will
normally appear as a high inductive
reactance. Tank "B" is tuned above the
crystal parallel resonance and should
appear as a capacitive reactance. In
absence of any audio modulation, the
reactances will cancel, and the series
combination of crystal and the two
tanks become a high impedance open

The third overtone PARALLEL
RESONANCE of the crystal is at
the desired FM channel frequency.

TANK A resonates ABOVE the
crystal’s frequency and appears
as a high INDUCTIVE reactance.

TANK B resonates BELOW the
crystal’s frequency and appears
as a high CAPACITIVE reactance.

The final TOTAL IMPEDANCE of the
entire circuit appears as a very high
RESISTANCE at the instantaneous
frequency set by the crystal and by
the present audio modulation value.

I

|

The AUDIO MODULATION uses
a pair of VARACTOR DIODES
to vary these capacitors.

-

Fig. 4 — SIMPLIFIED SCHEMATIC of the linear reactance modulator.

circuit. Neat trick.

Those varactor diodes act as elec-
tronically variable capacitances that
raise or lower the tank frequencies. On
the positive modulation swings, both
tanks will increase their resonant
frequencies and vice versa.

Your final result is a reactance
frequency modulator whose reson-
ance frequency is set by the crystal but
rapidly shiftable either way by the
multiplexed audio. Usually, a fre-
quency change varies as the square
root of a capacitance change. But,
because a pair of varactor diode cap-
acitors is changing, your resonant
frequency changes linearly with the
modulation input.

At any rate, Q3 is a Pierce style
oscillator which can oscillate at the
frequency determined by the highest
impedance sum of the crystal’s third
overtone resonance and the reactance
modulator tanks. 88.1 Megahertz is
used in my particular sample, with a
final trim given by TC2.

The fundamental crystal frequency
is way down at 29.7 Megahertz, but
the oscillator tries its best to run at
88.1. The resultant waveform thus has
some uneven subharmonic lumps.

It is very important to keep the
loading on most any modulated FM
oscillator constant. Especially when
using an overtone crystal. So, a buffer
and driver transistor follows at Q4.
Thisin turn drives a special bandpass
filter (probably a surface acoustical
wave, or a SAW device) to eliminate
any subharmonics and out-of-band
harmonics. Only the crystal’s third
overtone at 88.1 Megahertz is allowed
through the filter.

Even with the attenuation through
the bandpass filter, the output signal is
still too strong to directly couple into
any FM receiver’s antenna, so it gets
further attenuated by R20 and R21.

Recall that supply power is only
turned on when you want to listen to
your CD player. When the 1.4 vdc
supply voltage is present, relay driver
Q4 and spike supressor D4 pull in the
relay, connecting the rf converted CD
audio directly on into your auto radio
antenna input. At the same time the
antenna is disconnected to prevent
any back radiation or unintentional
broadcasting. You do, of course, also
have to pushbutton select 88.1 Mhz on
your car radio for CD audio.
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Once again, this description is for
the CD-FM-1. The XA-7A does use a
somewhat different circuit that we
may look at in a future column.

Hacking the CD-FM-1

In the absence of a CD player, the
CD-FM-1 can get activated by con-
necting the AUX input to the +12 volt
supply. Your left and right audio
inputs are normally at "line" level;
additional gain will be needed for
most microphones. Any and all audio
connections must be shielded.

The antenna changeover relay may
be optionally defeated by shorting
R23. Supply current is 30 mils with the
relay active and 17 mils with it
defeated. Another four mils could be
saved by disconnecting your AUX
input and shorting collector to emitter
on Q6. And nearly another mil by
removing R22. The remaining power
needed by your "useful” part of the
circuit isthen 1.4 volts at eleven mils,
or around fifteen milliwatts.

With these power reductions, you
could probably substitute an ordinary
9 volt "transistor" battery for your 12
volt supply. But do be sure to turn the
power off when not in use.

Theoretically, you might want to
replace the dynamic regulator Q8 and
substitute a single AA cell instead. A
bypass cap or two would also be a

good idea if you try this. One way or
another, though, you can easily get
this circuit down into the millipower
range. But not micropower.

A possible antenna takeoff point for
any low level direct broadcasting
experiments seems to be the collector
of Q4. Figure five shows how to route
a thirty inch antenna wire through a
grommet in the case. | got a 50 foot
useful range with agood car radio this
way. Be sureto insulate the wire tip to
prevent possible shorting of the dc
supply or damaging the filter. A far
cleaner but weaker takeoff point can
be the pin 4 filter output.

While the BA1404 supply voltage
can be raised as high as three volts,
doing so may change the performance
of the reactance modulator.

The best way to increase the range
is to improve that antenna on your
receiver. Be sure to connect a good
receiving antenna and disconnect any
cable connections. Experiment with
the antenna orientation; vertical may
be best for car radios and horizontal
may be better for home hi-fi.

The range can also be improved by
placing a ground plane, such as a
grounded cookie sheet (or preferably
something bigger), under your trans-
mitter. This could give you a hemi
pattern with double field strength.

A directional receiving antenna,

Thirty inch
vertical wire

new

\
shielded case grommet

14

€ T
1ddd

T

Fig. 5 — AN ANTENNA CAN BE ADDED as shown to the CD-FM-1 for your
initial short range FM broadcasting experiments. Be sure to insulate the far end
of your coupling gimmick. Experiment to get the best length and orientation.

such as a correctly cut Yagi can also
dramatically improve your range.

Note that lower power plus good
antenna matching and orientation will
give you vastly more range than will
high power and poor or improperly
aligned antennas.

While there is that extra booster
amplifier remaining unused in the
BA1404, it might be tricky to access
and still remain stable. An external
boost circuit could also get built up
using a 2N918 transistor or something
similar. This would best be done in a
separately shielded and a properly de-
coupled box. Do not, under any cir-
cumstances, attempt to amplify the
unfiltered output. For doing so will
create unacceptably strong outband
signals. Especially at 29.7 Mhz.

What can you get away with in the
way of increased power? Any boost at
al getsyou into alegal gray area. But,
as a practical matter, if your dc input
power to your boost stage is under
fifty milliwatts, and if nobody ever
complains, and if your total useful
range iswell under a hundred feet, and
if you use these yourself rather than
selling them to someone else, you can
probably get away without any serious
problems or hassles.

On the other hand, using one of
these as a prediver to broadcast heavy
metal to your entire college campusis
avery big no-no.

Another Contest or Two

This CD-FM-1 is one of the most
hackable projects to come down the
pike in along, long time. For here we
have all of the compact and milli-
power core circuitry needed for one
very high quality and quite stable FM
stereo (or mono) broadcaster all in one
place and ready to go. With the nasty
stuff fully debugged. And one which
works just fine with synthesized hi-fi
and auto receivers.

For our first contest this month,
just tell me about anew or unusual use
for a short range and high quality FM
stereo or a mono wireless trans-
mitter. Or show me a variation on the
circuits we just looked at.

There will be all of those usual
Incredible Secret Money Machine 11
book prizes going to the dozen or so
best entries. Plus an all-expense paid
(FOB Thatcher, AZ) tinaja quest for
two going to the very best of all.
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DY S Resources

I thought we’'d do something a tad
unusual for our resource sidebar this
month. There’s a group of direct mail
outfits that | will call DYS, short for
Distressed Yuppy Surplus. All these
folks specialize mostly in overpriced
toys for the non-technical types. But
every once in a while, an electronic
gem or two shows up at a really un-
beatable price. Or a useful tool. Or
agreat idea. So it pays to get and stay
on their mailing lists.

An example or two: Those "meals
in minutes® food vacuum packaging
machines seemed to bomb out as a
Yuppy prize. Their intended use was
to package single portion leftovers so
they can be frozen, boiled, or nuked.
And they are great for just that. But at
$29 each via DYS, these make very
effective software and book vacuum
packing machines. Be sure to get the
type that has the little electric pump
with it. Plain old Baggies work just
fine with these.

Those automated bread machines
also bombed at retail. Mostly because
far too many females viewed them as
an outright threat and throw both the
machine and whoever gave it to them
out of their house. So | got one via
DYS. Around here these days, any
bread that is even twenty minutes old
is considered "stale", and even the
birds won’t touch it.

You do have to be selective. For
instance, a CPM computer is pretty
much worthless at any price. As is
any laser printer that does not speak
real PostScript. Asis any teletext re-
ceiver with no teletext to receive.

My three favorite DYS sources are
Dak, Comb, and Damark. But every
once in a while, a good solution to a
technical problem can even be found
in such unlikely sources as Taylor
Gifts or Harriet Carter.

| thought | had a lot more of these
DYS catalogs than | could find at
column deadline time. 1s JS& A still
around? They invented DYS in the
first place. How about the Sharper
Image folks? So why don’t you tell me
about the rest of them?

As a second contest, just tell me
about any non-obvious direct mail
resource that can be used to get ideas
and solve hacking and other technical
problems. Include a sample copy if

—{52.6

Brookstone

127 Vose Farm Road
Peterborough, NH 03460
(603) 924-9541

Harriet Carter

Stumps Road

North Wayles, PA 19455
(215) 361-5151

Comb Corp

720 Anderson Avenue
St Cloud, MN 56395
(800) 522-3035

Crutchfield

1 Crutchfield Park
Charlottesville, VA 22906
(800) 336-5566

DAK

8200 Remmet Avenue
Canoga Park, CA 91304
(800) DAK-0800

Damark

Box 29900
Minneapolis, MN 55429
(800) 729-9000

47th Street Photo
36 East 19th Street
New York, NY 10003
(800) 221-7774

Harbor Freight

3491 Mission Oaks Blvd
Camarillo, CA 93011
(800) 423-2567

Hello Direct

140 Great Oaks Blvd
San Jose, CA 95119
(800) HI-HELLO

DYS & OTHER RESOURCES

J&R Music World

59-50 Queens-Mid Exway
Maspeth, NY 11378
(800) 221-8180

Micro-Mark

340 Snyder Avenue
Berkeley Heights, NJ 07922
(800) 225-1066

Northern Hydraulics
PO Box 1499
Burnsville, MN 55337
(800) 533-5545

Porter Camera

Box 628

Cedar Falls, IA 50613
(800) 553-2001

Quill

PO Box 50-050
Ontario, CA 91761
(714) 988-3200

Real Goods

966 Mazzoni Street
Ukiah, CA 95482
(800) 762-7325

Tandy Leather

1400 Everman Parkway
Ft Worth, TX 76140
(817) 551-9770

Taylor Gifts

355 East Conestoga Road
Wayne, PA 19087

(215) 789-7007

JC Whitney

1917-19 Archer Avenue
Chicago, IL 60680
(312) 431-6102

you are able to do so.

I’ve also added a great heaping
bunch of other unusual direct mail
sources to our sidebar. While several
of these are clearly not DYS, they do
offer very interesting and very useful
catalogs. And every hacker should
definitely know about them.

New Tech Lit

From Analog Devices, the fat new
Data Book Volume 10 on their analog
integrated circuits. From WS, a new
Programmable Peripherals Design
and Applications Handbook which
includes lots of free demo software.
From Intel, their new PLD Shell Plus
programmable logic design and its
supervision software.

Assorted free samples of Kydex
thermoplastic sheets are obtainable
from Kleerdex. This stuff looks great
for custom thermoformed cases and
enclosures. With lots of colors, thick-
nesses, and surface finishes. And free
tactile dome keyswitch samples are
available through Snaptron. Finally,
Avery Dennison now has test fixture
samples of their FasTape UHA super
strong clear adhesives.

A reminder that | still have lots of
Book-on-demand bound reprint sets
available on pretty near all of my
recent columns. Included are Ask the
Guru I, 11, and 111, Hardware Hacker 11
and 111, LaserWriter Secrets, and
Blatant Opportunist. Write or call me
for more details. O
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h whoops. On back in that pc

layout for the sync stripper

and universal video interface

(RE April 92 page 65, Fig 2),
it seems one of my last minute layout
"improvements” |left one extra trace
from pin 9 to that SYNC output line.
Sorry about that. If you have already
etched your board, just cut this tiny
run out.

Figure oneis correct, and the layout
shown in these reprints has also been
fixed.

Moral: It is always the things that
you thought you triple checked that
are certain to return to haunt you.

We will see several other possible
changes to the sync stripper in just a
moment when we look at some new
Neo-Geo interface ideas below.

An update to the crystal stabilized
FM stereo broadcaster circuit that we
looked at last month: I’ve now had a
brief chance to check into that new
Sony XA7A unit. While it uses pretty
much the same circuit we did look at,
it seems more costly, klutzier, and far
harder to hack.

The BA1404 uses a surface mount.
There's some tight and tiny shields,
and some awkward "3-D" component
arrangements. Sony appears to be
getting two channels by pulling their
crystal an astounding 200 kilohertz in
either direction. 1’d bet their stability
isn’'t as good as a Pioneer CD-FM-1.

Speaking of which, it should be
possible to significantly improve the
CD-FM-1 range by replacing the SAW
filter load used by Q4 with a simple
tapped resonant tank located outside
of your existing shield. This would
switch Q4 from class A over to class C
operation. Some bypassing on R19
could also help, as might lowering its
value somewhat.

More details when | get a chance.
Meanwhile, do let me know what you
come up with on your own.

Patents Again

The morning mail had yet another
sad example of a hardware hacker
done in by the patent system. Or more
correctly, done in by the outlandish

Dye-based solar energy
Another sad patent story
Neo-Geo interface cables
Micro-avionics newsletter
L RGB monitor fundamentals

popular myths and all the gross mis-
conceptions surrounding patenting.
One more time: Any hardware hacker
based small-scale involvement in the
patent system is absolutely certain to
result in the net loss of time, energy,
money, and sanity. Your state lottery
is avastly better investment.

This example involved an Oregon
inventor who sent me a copy of his
new patent and asked for my help in
marketing it. The patent is intended to
recover electrical energy from a steam
line by impinging the steam onto a
piezoelectric generator. The patentee
admitted he lived in a very "remote
area" where all research was difficult.

And he did specifically ask me for
comments, so here goes...

Well, it must have been my kind of
remote area. There was obviously no
telephone available to call the Dialog
Information Service, and no postal or
UPS service to receive UMI reprints.
Their local library had to be so small
that they had no Uhlricht’s Period-
ical’s Dictionary which included the
EPRI Electric Power Research Insti-
tute Journal.

And, of course, no Encyclopedia of
Associations which would include the

Association of Energy Engineers with
their great conference publications on
this type of cogeneration device.

| felt the patent was rather weak. |
think | could personally find all kinds
of prior art way back in the 1890-1930
time frame. And | do think the idea
would be so totally obvious to any
"practitioner in the field" that prior art
would not even be required to quickly
bust this patent. In fact, attempting to
defend it could easily lead to a nasty
old frivolous litigation countersuit.

"Outside of that Missus Lincoln,
how was the play?' Well, | just don’t
know of any higher power electricity-
producing piezo generators. Piezo
tends to be grossly inefficient and
involves frequencies and impedance
levels that are hard to elegantly deal
with at higher power. These tend to
have lousy power factors, since piezo
transducers are often very capacitive.
Their optimum working temperatures
are well below that of live steam.

Further, we obviously have a heat
engine here that has to obey the laws
of thermodynamics. The best possible
efficiency (also known as the Carnot
efficiency) would end up rather low.
Which is why we don’t have too many

Incoming solar
energy

S

Transparent glass cover

Transparent conductor —

A thin but very rough
semiconducting layer
of titanium dioxide

Bottom conductor —

Lithium hydroxide or
Dye molecule monolayer \ other electrolyte solution

AYAYAY LY AT

% Power
S load

Fig. 1 — ANOTHER SOLAR BREAKTHROUGH? The dye-based solar method
uses a large area monolayer of individual dye molecules to act as optical
antennas and rectifiers. An electron "borrowed" from the electrolyte by the dye
gets its energy level raised by an incoming photon, jumps the rectifying
semiconductor gap, delivers useful load power, and then returns to the
electrolyte. The high efficiency process is related to the first stage of plant
photosynthesis. All the materials used are cheap and fairly low tech.
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steam engines these days. And | feel
the P-V (pressure-volume) diagram for
the new proposed impingement system
would be absurdly far away from the
best possible. It is clearly not at all
adiabatic.

I would be quite surprised if the
overall electrical recovery efficiency
could ever exceed 0.1 percent. Thus, |
feel this product would never be able
to pay for itself or for the time val ue of
the money used. L et alone recover any
useful power.

So, I'd guess my answer on any
marketing of this product would be
"Uh, to whom?"

Now, there are all sorts of exciting
steam recovery developments going
on. These do involve bottoming and
scavenging cycles and may use exotic
fluids other than water vapor. And
they are revolutionizing commercial
electric power production by sharply
improved efficiencies. And the pulse
combustion furnace folks are playing
lots of neat games in super efficient
latent heat (gasto liquid) recovery. So
there are bunches of new possible
opportunities in this area. Some of
them eminently hackable.

By the way, one ancient but quite
readable book on thermodynamics is
Sanford's Heat Engines, found in the
Doubleday Science Series. No hacker
can afford to ignore the fundamental
laws of thermodynamics.

Where to go from here? First and
foremost avoid any and all involve-
ments with the patent system in any
way, shape, or form.

Do so religiously.

Second, get yourself afresh copy of
The Case Against Patents, either in
my Blatant Opportunist reprints or as
our GEnie tutorial PSRT textfile #162
NOPATENT.TXT. Rumor has it that
this reprint may also shortly appear in
the Whole Earth Review.

Third, there is a unique magazine
known as Midnight Engineering that
specifically supports the small scale
developers, product prototypers, and
startups. Giving proven and realistic
help. Free samples on request.

Inventing, of course, is a highly
reprehensible and incurably addictive
social disease. One that is simply not
talked about in polite company. So,
fourth and finally, you may want to
join some AA type support group. A
typical example group would be the
Zimmer Foundation, associated with
the Michigan Inventor’s Council. Just
be certain your selected group isn't a
marketing scam in disguise.

Another Solar Breakthrough?

Lots of credibility has been newly
given to dye methods of solar energy
conversion. As we have seen in past
issues, certain dye molecules can act
as both an antenna and rectifier, con-
verting any incoming photons into an
electron current. The dye method is
potentially very cheap, very efficient,
and should end up quite easy to mass
produce. Only low cost and low tech
materials are involved.

Do check out the October 24, 1991
issue of Nature. (vol 353 #6346). Es-
pecially Thomas Mallouk’s Bettering
nature’s solar cells (on pages 698-99)

0.1 pF
o—| 10K —”—H—
. 470K
Weak or linear SYNC out
. —e——0
composite sync OIU
input (normal)
0.1 pF O  SYNC out

(rare)

Fig. 2 — THIS SYNC AMPLIFIER can take "linear" or "weak" RGB composite
sync signals and make them CMOS and/or TTL compatible. It also gives you an
optional and rarely needed active high sync output.

and also Brian O’ Regan and Michael
Gratzel’s A low-cost high-efficiency
solar cell based upon dye-sensitized
collodial titanium dioxide films (on
pages 737-739).

Some librarians appear to have lots
of trouble finding Nature, possibly
because it is British. Which is a real
mystery, since Nature is regarded by
most of those in the know as the finest
and most significant science journal
anywhere in the world.

Obviously, any magazine that gets
on up to weekly issue #6346 must be
doing something right. If you get any
static picking up any Nature copies
locally, scream and holler and stamp
your feet. Or use the address found in
our Names & Numbers sidebar.

Figure one shows you the general
idea behind any dye-based solar cell.
Thecell usesliquidsandisrelated to a
wet cell battery. An electrolyte of a
lithium salt or something similar gets
used. The uppermost terminal is a
conductive metal film under a clear
glass. The bottom terminal is also a
conductive metal film. Onto this film,
a very thin and very rough layer of a
titanium dioxide semiconductor gets
deposited. Together these can form a
metal barrier diode.

The semiconductor film is made as
rough as possible to greatly increase
its surface area. The current effective
areas are in the 2000:1 range. A one
molecule thin monolayer of trimetric
ruthenium dye then gets deposited on
the semiconductor surface.

The single dye molecules can act as
both an antenna and a rectifier. An
existing electron in your electrolyte
solution will have its energy level
increased by the incoming optical
photons. These high energy electrons
jump the semiconductor junction, go
on through the load delivering useful
power, and return via your top elec-
trode, creating a self-rectifying and
light induced photocurrent.

So far, the actual efficiencies are
only slightly better than poly silicon
cells. But all of the materials are far
cheaper (titanium dioxide is used to
make white house paint; only small
amounts of dye are used). They also
lend themselves to larger area, high
volume processing.

The theoretical efficiencies of dye
based systems are quite high. There
are plenty of potential directions for
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ongoing improvements. And the long
term durability looks good.

There are several remarkable sim-
ilarities between dye-based solar and
plant photosynthesis. In fact, the
biggest difference is that dye-based
solar stops with generated electrons,
while photosynthesis will go on and
use the high energy electrons to drive
the intermediate chemical reactions
which can ultimately create sugars,
cellulose, and other tasty stuff.

Dye based solar is already more
efficient than the best that today’s
plants can do; On the other hand, the
plants can create and fix themselves at
very low costs.

More on this as the drama unfolds.
But, from here, it does seem like dye
based solar has the potential to end up
as areal winner.

RGB Video Fundamentals

| have recently been working with
Dennis Carper of Redmond Cable in
interfacing all sorts of video games to
al types of leftover surplus computer
monitors. So, | guess it might be a
good time to review some of the fun-
damentals of RGB monitors.

The reasons we go to the separate
red-green-blue route in the first place
are for picture quality and for picture
resolution. Regardless of how much
trouble you go to, it is simply not
possible to glomp onto the antenna
terminals of an ordinary tv set and
display anything even remotely near
what is needed as a bare minimum for
al of today’s color computer displays
or premium arcade video games. The
needed bandwidths and scan rates are
simply not there.

Unlike broadcast signals (such as
NTSC or PAL or SECAM), there are
no universal standards being used for
RGB monitors. If it has three separate
video lines on it, it is an RGB system.
Period. Thus, you will have to be very
careful what your video source and
your video monitor are capable of
before you try to connect them.

The simplest of RGB systems use
"TTL" monitors. These do not accept
video as such. Instead, they receive
digital logic signals which turn their
red, green, and blue beams entirely off
or on. Thus you can only get eight
possible colors. All eight of which are
always fully saturated. Some TTL
monitors include a fourth brightness

line that gives you a choice of "full" or
"half" bright, upping the apparent
color total to sixteen.

Instead, on a linear RGB monitor,
all shades of all colors are possible.
Linear monitors need much more in
the areas of video amplification and
linearization (or gamma correction)
circuits. Obviously, linear monitors
are required for "real" video from a
cable or broadcast source, or anytime
else you need avery wide range of hue
and saturation values.

Most linear monitors are not too
fussy over accepting interlaced scans,
as get used on standard tv; or the non-
interlaced scans, as must get used on
most data displays.

But linear monitors are extremely
fussy over their horizontal scan rates.
Ordinary tv uses the horizontal scan
rate of 15.735 kilohertz for color or
15.750 kilohertz for black and white.
Most computer scan rates are double
this, up in the 32 kilohertz range. And

premium systems can have scan rates
of 80 kilohertz or higher.

Unless your monitor is carefully
designed to be a multisyncing type, it
will only accept a very limited hori-
zontal scan rate range. Thus, there is
no way you could use an ordinary
broadcast RGB monitor to display a
Mac or VGA output. It flat out can not
operate at the higher scan rates.

One of the ruder surprises to Apple
I1gs people downgrading to a Mac LC
is that their old color monitor will no
longer work. Their l11gs monitor is a
broadcast-only style, while those LC
video scan rates are on up in the 30
kilohertz range. Fortunately, a simple
jumpering option (which we saw afew
columns back) lets the LC use an
ordinary and cheaper VGA monitor.

Thus, you have to be sure that your
intended RGB monitor is capable of
accepting the horizontal scan rates
provided by your video source. Some
combinations simply will not work.

[ TBLUE viDEO }

6 | RED VIDEO

For linear RGB monitor use.
One volt peak-to-peak gets
internally capacitor coupled.

/RGB SYNC

For linear RGB monitor use.
Active low combined vertical
and horizontal sync pulses.

1 volt capacitor coupled source
is not CMOS/TTL compatable
and may need amplification.

Plain old NTSC composite video
appears on this line. The sync
tips are at ground.

One volt peak to peak into a 75Q
load. Internally capacitor coupled.

s (ODO

rear panel female 9
\©
—

For linear RGB monitor use.
One volt peak-to-peak gets
internally capacitor coupled.

1 |moNoO sounD |

The monophonic sound output
appears on this pin.

One volt peak is suitable for
amplifiers but not headphones.
Use separate shielded cable.

Use standard DIN-8
male connector

4 |+5voLTs DC |

A limited amount of +5 volts
supply power may be drawn out
of this pin for sync amplifiers.

Limit current to 50 milliamperes
and use thorough bypassing.

| 5 | GREEN VIDEO |

For linear RGB monitor use.
One volt peak-to-peak gets
internally capacitor coupled.

2

Used for all cable shields,
video return, and any sync
amplifier grounding.

Fig. 3 — THE NEO-GEO AV-OUT rear connector has both NTSC and RGB
output pins available. Here are the key details.
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A final major consideration is the
monitor’s resolution. Theresolution is
set by the video bandwidth and the
pitch of the color bars or dots on the
screen. Images will smear if you try to
view them on any monitor whose
resolution is too low for the intended
application. The results can end up
anywhere from a slight eyestrain to
totally unviewable.

So, a second rule: Make absolutely
certain you test and use any monitor in
its intended final use before you
actually pay for it.

Y our video lines could be high im-
pedance cables if the runs are short, or
terminated ones (usually 75 ohms) for
longer distances. A fair amount of
power is required to properly drive a
terminated video cable. Maxim is one
good source for video drivers. Video
cables are best done either as fully
shielded, or, at the least, as twisted
pairs. If any separate grounds are
provided, they should be used as they
were intended.

If your video source has any dc
offset present (such as the emitter
follower outputs of a Super Nintendo,
then you must provide for a capacitor
coupling between your source and the
monitor. Very large capacitors are
recommended, of at least 220 micro-
farads or more. But these may already
be built in, so check first.

There are several synchronizing
options used in RGB systems. Some
systems tack sync signals onto the
green channel and later strip them off.
But most systems have separate sync
line(s) which deliver the horizontal,

vertical, or composite sync signals.

To further confuse matters, sync
lines can be smaller one volt signals at
analog levels, or can be TTL or CMOS
compatible. Others may be at TTL
levels, but end up too small for CMOS
and too weak for TTL. We saw a Super
Nintendo workaround for this last
month using a simple 680 ohm resistor
to ground.

Typical sync lines are active low
meaning that your sync tips are at
ground. But a few (especially earlier
Commodore products) demand an
active high composite sync.

Figure two shows you how to use
several inverters to amplify low level
sync signals into full CMOS and TTL
compatibility having your choice of
either active low or active high sync
tips. Your first stage can be a biased
inverter amplifier having a gain of
twenty or more. The second inverter
further cleans up your now-digital
waveform, while the third and fourth
stages act as inverters or drivers.

If you try this linear amplifier stunt
with other CMOS gates or inverters, be
sure to use "single stage" unbuf- fered
(UB) versions; other buffered ones
may have too much gain and could
oscillate. More details in my CMOS
Cookbook.

Our sync separator and universal
video interface from two months back
is easily modified to provide suitable
sync amplification for the Neo-Geo or
Super Nintendo.

Sound is separately dealt with on a
RGB system. Sometimes, there will be
no sound at all. One clue here is the

sync amplifier

from figure two

+5VDC
©
2 isyne (D—] ISYNC =
)
9 s e\o (@ 7 ® o&nND g
&2z GREEN @—vp () GREEN 2 5
o0 s S
D5 BLE (e) % -(2)  BLUE 2 g
[oX
. RED (:)—J )—(:) RED x =
2 3,
< SOUND (:)—a@: AUDIO
INPUT

Fig. 4 — TYPICAL NEO-GEO RGB INTERFACE connections. The details and
pinouts vary with your choice of monitor. The sync amplifier shown may or may
not be needed. Custom cables and kits are available from Redmond Cable.

absence of any volume control. Radio
Shack makes a neat little $11 lab
amplifier that can sit in for you. Other
options are monophonic sound, stereo
sound, or a multiplexed stereo sound
accepting R + L and R - L inputs. Super
Nintendo uses multiplexed sound.

If you forget to demultiplex, one
channel will sound monophonic, and
the other might sound awfully tinny
and just plain "wrong". To properly
demultiplex, you add the two signals
together to get the right channel and
subtract them to get the left one.

Regardless of your sound system,
totally shielded audio cables are a
must. Ideally, they should be totally
separate from all your video cables,
owing to the strong "hum" and "buzz"
induced by vertical rate signals.

So, what can you interface to who?
Use your oscilloscope to view all the
normal outputs of your video source
run in their intended way. Then do the
same for the "normal” inputs to the
monitor.

Some hints: To tell if a source is
capacitor coupled, briefly connect a
470 ohm resistor between the pin and
ground or +5. If the scope display
bounces around and slowly drifts on
back, you are ac capacitor coupled. If
it remains in the initial position (or
possibly gets slightly smaller), then
you are dc coupled. Be sure to note
any fixed offset voltage.

To find out your source impedance,
note that any resistive load equal to
your source impedance will drop your
output signal level to one half of the
open circuit value.

Neo-Geo |nterface |deas

Sorry, but our renowned panel of
experts (the munchkin division of
Special Editions) were not at all im-
pressed with the new Neo Geo game
system. Their preference for Super
Nintendo was totally overwhelming,
and | will certainly defer to their
expertise. But, if you happen to like
the Neo Geo system, figure three can
show you the rear A/V out interface
connector pinouts.

There are several interesting in-
terface options here. Present are the
usual NTSC composite video line on
pin 3, aground on pin 2, and a +5 volt
supply on pin 4. You could use this
supply for such low current needs as
modulators or sync amplifiers. For
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RGB usg, thereisared line on pin 6, a
green line on pin 5, and the blue line
on pin 8. These are capacitor coupled
video from a 70 ohm source.

Their RGB active low sync line ap-
pearson pin 7. It is also in the form of
capacitor coupled video at a one volt
amplitude. Thus, the sync line is not
presently TTL/CMOS logic compat-
ible, and you may need to use the sync
amplifier of figure two.

Figure four shows you a baseline
RGB interface for the Neo-Geo. The
connector is a standard DIN-8 that is
Radio Shack stock. As with our pre-
vious Super Nintendo interface, stock
and custom cables, connectors, and
any and all individual parts are ob-
tainable through Redmond Cable.

Surplus Resources

As our resource sidebar for this
month, | decided | would gather to-
gether what | feel are only the best of
the very best in hacker surplus stores.
These are the ones | have used
consistently over the years and can
personally recommend.

The best surplus store anywhere, of
course, is Jerryco, who've recently
become American Science & Surplus.
They are strong in electromechanical
parts and unusual materials.

The highest profile surplus outfit is
Edmund Scientific who are really
useful for magnets and optics.

For genuine World War 11 vintage
surplus, Fair Radio Sales is the pre-
eminent place to go. For heavier iron
stuff, especially motors, steppers or
hydraulics, try either C&H Sales or
Burden’'s Surplus Center. And for the
best prices on a wide variety of com-
ponents, try Surplus Traders.

Several other outfits | have found
useful include Herbach and Rademan
(infrared people detectors), Marlin
Jones (power supplies and steppers),
Circuit Specialists (for harder-to-find
hacker integrated circuits), Time Line
(solid state imaging chips), and either
All Electronics or R&D Electronics
(generally good €electronic buys).

Finaly, for totally outlandish plain
old weird stuff, Archie McPhee is it
claws down. Where else can you get a
three foot rubber iguana?

These are just my own personal
selections, and | am sure you have
your own favorites as well. But why
don’t you tell me instead?

All Electronics Corp.
PO Box 567

Van Nuys, CA 91408
(800) 826-5432

American Science & Surplus
601 Linden Place

Evanston, IL 60202

(708) 475-8440

C & H Sales

PO Box 5356
Pasadena, CA 91117
(800) 325-9465

Circuit Specialists
PO Box 3047
Scottsdale, AZ 85271
(800) 528-1417

Edmund Scientific
101 E. Gloucester Pike
Barrington, NJ 08007
(609) 573-6250

Fair Radio Sales
PO Box 1105
Lima, OH 45802
(419) 227-6573

ELECTRONIC SURPLUS RESOURCES

Herbach and Rademan
18 Canal Street

Bristol, PA 19007

(215) 788-5583

Marlin P. Jones & Assoc.
PO Box 12685

Lake Park, FL 33403
(407) 848-8236

Archie McPhee
PO Box 30852
Seattle, WA 98103
(206) 547-2467

R & D Electronics
1224 Prospect Avenue
Cleveland, OH 44115
(216) 621-1121

Surplus Center
PO Box 82209
Lincoln, NE 68501
(800) 488-3407

Surplus Traders
PO Box 276
Alburg, VT 05440
(514) 739-9328

For our contest this month, just tell
me about your favorite surplus or any
other hacker-friendly and reasonably
priced source of supply for unusual
goodies. There will be several of my
Incredible Secret Money Machine 11
book prizes, plus an all-expense-paid
(FOB Thatcher, AZ) tinaja quest for
two going to the best of all.

If possible, include a catalog or put
me on their mailing list. Be sure to
send your written entries directly to
me here at Synergetics rather than on
over to Radio-Electronics editorial.

New Tech Lit

The Ashtech folks now offer some
really great and reasonably priced
($100) four-day courses on those GPS
navigation systems, besides offering
bunches of free ap notes.

From OKI Semiconductor, some
speech application notes on the solid
state speech synthesis chips.

The Micro-Avionics Newsletter is a
brand new and sorely needed labor-
of-love hacker pub that focuses on the
remote controls, navigation, auto-
piloting and the television links used
on low end and amateur radio con-
trolled R/C models and other aerial

platforms. Sample issues are $5.

Another very interesting magazine
is Lighting Dimensions, a slick and
well-done publication intended for the
stage, theater, television, and rock
concert lighting specialists.

It's been a while since | mentioned
the Society for Optical Engineering.
Their freebie SPIE Technical Publi-
cations lists all sorts of unique books
and reprints on such goodies as solid
state gyros, high speed photography,
robot vision, lasers, liquid crystals,
and even on binary optics, a stunning
and revolutionary new field that | hope
to eventually cover.

There are several exciting new
developments in hacker printed cir-
cuits these days. The Kepro folks now
offer a new How to make printed
circuit boards booklet. A product
called PCBTF-1000 is a brand new
transfer film for that direct toner
method, newly available by way of
Techniks Incorporated.

And I’ve just posted my shareware
printed circuit circuit layout package
over to GEnie PSRT as our file #401
PRNCRCT.GPS. Plus our summary
tutorial on new hacker printed circuit
techniques as file #419 NUTS3.PS. O
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quickie update before we
begin: We've found out that
most of those popular
wireless broadcaster circuits
will no longer work because nearly all
of the newer synthesized receivers

positively exactly on-channel
frequencies. In recent columns, we've
seen how that can

easily be modified into a fine crystal
controlled stereo broadcaster.

At the time, | didn't really believe
that a plain old third overtone crystal
could really get pulled that far and till
provide a quality result. So, |
asked an outstanding designer
by the name of Jim FitzSimonsto do a
circuit analysis for me. The bottom
line: Yes, you can pull an ordinary
third overtone crystal far enough and
linearly enough to do the job.

Some other fallout from the
analysis: The temp comped volt
supply is quite critical for linearity,
and you should try and raise this
voltage. And the varactor modulator
does its work by shifting the

Santa Claus machine BBS
Direct toner breakthrough
Laser printer repair video
Synchronous rectifier ideas
Fundamentals of correllation

J

1 kHz
square wave
generator

1 kHz chopped light beam Alarm
routed accross driveway output
from LED to photodiode I
1 kHz synchronous
A4 A narrow band Y
I demodulator
amplifier

1 kHz demod reference

Fig. 1 — A"LOCK-IN AMPLIFIER", or synchronous demodulator is an older and
simpler example of electronic correlation. In this driveway detector, the desired
"no cars" signal can easily be extracted from sunlight or other interference.
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demodulator as an extremely narrow
bandpass filter that automatically and
exactly tracks your input signal. Even
if your input signal is varying. But
synchronous demodulation goes one
step further than a simple filter. Note
that signals of the wrong phase get
more or less rejected. For instance,
any interfering signal that happens to
be at a phase angle of plus or minus 90
degrees get completely rejected.

Go through the math, and you'll

find that a sync demod offers a "free"

additional three decibels of signal to
noise ratio improvement over the best
detector you can come up with that
does not use correlation. And three
decibels at or near a digital detection
threshold can mean a big world of
difference in reliability. From errors
per second to errors per hour.

Building a Correlator

In general, you do a correlation by
multiplying and then by adding. You
first find how well a smaller piece of
your received signal can match. You

might assign a +1 for "agree" and a-1
for "disagree". Then you add up (or
integrate) each individual agreement
or disagreement to get some overall
total. The summed total is called your
correlation coefficient. If your final
correlation coefficient ends up high
enough, you vote "yes". Or else you
simply pass the correlation value on to
more circuitry that wants to know
relative results.

Correlation can be done by using
analog, digital, or mixed signals. In
the digital world, you can correlate in
either a serial or parallel mode. Serial
isslow and low in cost, while parallel
is fast and complex. But serial may not
be nearly fast enough for many
real-world uses. A special class of
microprocessors we know as digital
signal processors are arranged to do
many correlation techniques faster and
easier than regular CPU chips.

Several simple correlator circuits
are shown in figure two. For linear
circuits, a diode bridge or any four
quadrant multiplier should work just

signal in 10K

—O
match

op-amp out

4.7K 4.7K

r== { analog switch
I 1 1/4 4066, etc.
o =

mask in

(A) An analog correllator using a
"plus or minus one" amplifier.

signal
bit in
match
bit out
mask 1 =same
bit in 0 = different

(B) Serial digital correlator uses
an exclusive-NOR gate.

sO .
mo g%
5 =
o B |z
So
ml ?ET‘: "_O_S
1 EEG ———Oa
1 gg_ =0 E
827
sn 39
mn

(C) Parallel digital correlator uses
gates and a special adder.

signal in

TRITETTY FTETNTEN

2764
EEPROM

1111

match out

mask in

(D) 2764 EPROM made into a
parallel 8-bit correlator.

Fig. 2 — HERE ARE FOUR POPULAR METHODS to do electronic correllations.

fine. For high frequency RF work, the
Signetics NE605 is a great choice.

But my favorite lower frequency
linear sync demod is the gated gain
amplifier of 1A. If the mask signal is
low, the gain is plus one. If it is high
then the gain is minus one. Thisis a
synchronous full wave rectifier that
does all of the multiplying for us. A
following integration stage will do the
addition for us. Often the addition can
be done with a RC network.

The fundamental digital correlation
circuit is the compare gate, otherwise
known as an exclusive NOR. This is
shown in figure 2-B. A compare gate
gives you a one out if the inputs are
identical and a zero out if they are
different. For serial use, one compare
gate can be followed by an up-down
counter. For parallel use, bunches of
compare gates are followed by a
special pile of adders configured as a
"how many ones are in this word?"
circuit. Figure 2C shows details.

Y es, you can go out and buy digital
correlator chips, but they do tend to be
specialized and expensive. TRW and
Stanford Telecomm are two big
sources. A second more popular route
is to use firmware and a digital signal
processing chip.

On your own, you can easily and
cheaply hack up an eight bit digital
correlator out of any plain jane 2764
EPROM, following the details from
figure 2D. Your truth table simply
answers the question "How many bits
match?' The answer will be a four bit
word ranging from -8 to +8.

For any sixteen bit parallel digital
correlator, simply precede a different
2716 EPROM with quad EXOR gates.

Correlation could also be done in
software. For instance, in PostScript,
just do an eor not sequence, followed
by a"number of ones" table lookup.

Correlation Functions

An exact match against your initial
signal is called an autocorrelation.
Attempting a match against anything
elseis acrosscorrelation. Should you
try a match against some shifted or
delayed version of your initial signal,
you' re doing a shifted autocorrelation.

Ideally, your autocorrelations will
always strongly agree, and most of
your crosscorrelations will more or
less cancel to zero. But those shifted
autocorrelations get interesting in a
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very big hurry.

For instance, say you now have a
planetary probe flying past Neptune.
The extension cord needed to deliver
an exact copy of your autocorrelation
signal tends to end up a tad on the
longish side. Not to mention asteroid
breakage. The trick, instead, is to take
a local shifted autocorrelation signal
and move it around until you get a
strong match to your incoming data.
This is called acquiring a lock. Until
you have your local clone reference
precisely locked to the incoming data,
you can't receive any useful info.

By far the most unusually unique
autocorrelation function occurs with
the sequence 1000. Like so...

1-1+1+1---> 0
1000
0010
1-1
0
0

1> 0

+
0
1

or b

0
0
-:1+1+1-1---->0

Here we are not adding. We are
comparing two vertical bits at atime,
and putting down a "+1" if they are
identical and a "-1" when they are
different. Only then do you add up the
total results. Note that the second,
third, and fourth examples represent
shifts of one, two, and three bits in
your target word. Amazingly, all of
the shifted autocorrelation results are
precisely zero!

Very sadly, thisis the only known
digital sequence that gives a "perfect"
shifted autocorrelation. The longer
codes will do all sorts of weird things
with the shifted summations. Most of
which can end up as less than useless.
Some of the more interesting (and
more useful) shorter autocorrelation
codes are shown you in figure three.

There are far fewer autocorrelation
functions than there are possible bit
combinations in any word. Why?
Because shifted bit patterns, mirror

patterns, and complementary patterns
will all end up generating identical
autocorrelation functions.

The best possible autocorrelation
codes are called Barker Codes. Sadly,
these are all short and are few and far
between. Instead, when you are using
a long correlation code, you'll often
have to settle for one that is simply
"well behaved".

On any longer digital codes, most
cross correlation values will be very
low. For any code length, you could
easily predict how badly a random
interfering noise code might cross
correlate. Just use a messy piece of
mathematics known as the bionomial
coefficients. For instance, on a fairly
short code of 20 bits, only one cross
correlation will total to +20 and one
other to -20. A mere twenty will sum
to avalue of +18.

Why twenty? Because there are
only twenty possible places in a 20-bit
word for the one bit errors. How many
possible errors of two bits? Go
through the bionomial math and the
answer is ascant 190 cases that sum to
+16. Of the 1048576 possible 20-bit

cross correlations, a huge 772616 will
sum to +4, +2, 0, -2, or-4. Put another
way, a tad over three quarters of all
of those possible 20-bit interfering
signals will be strongly attenuated by
your correlator. As you go to longer
codes, the odds of noise interference
become astronomically low.

I’ve now posted a quick-and-dirty
autocorrelation generator to GEnie
PSRT as my file #435 AUTOCORR.PS.
As is, this will generate all of those
unigue autocorrelation codes up to 20
or so bits in length. Yes, duplicate
codes are discarded and not reported.
And you can easily extend out this
technique to quickly and accurately
find autocorrelation functions as long
as 65536 bits!

Written in PostScript, of course.
The trick is to put all your ones and
zeros into a string. Then play around
with the string. This bypasses the
precision limits of any conventional
digital arithmetic. Sneaky, huh?

We will be seeing much more on
correlation in some future columns.
Especially if we do get into more on
spread spectrum communications and

i1

1000

3

100010

(I

1000101 10010101

1

I 10000111 I

1000010101

I 10010101010 I

10000110011

.

I 100000011111 I

100000000011

I

100100101010 1000000101001

(.

10000001011001

1

1000010001001011

1000001001110101 100000010111001

Fig. 3 — SHIFTED AUTOCORRELATION FUNCTIONS appear when you
correlate a digital word against a time-shifted or bit-shifted replica of itself.
These functions get important in a hurry whenever you are trying to lock onto an
incoming digital data stream. These examples are from GEnie PSRT #427.

54.3 |-



Hardware Hacker

+vin

.0

I

Linear time delay
-vs- frequency
correlator

In a CHIRP radar system, a frequency swept pulse is transmitted that
permits both high power (for long range) and narrow time resolution (for
closer target separation.) A linear delay-versus-frequency correlator
converts the received target swept phase histories back into actual
viewable or recordable target maps.

Fig. 4 — AS THESE TWO WILDLY DIFFERENT EXAMPLES show us, there are
now an incredible number of applications for electronic correlation techniques.
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pennies with zero darkroom work or
other special techniques.

The two key secrets to the direct
toner method are that a laser printer
toner does make an outstanding etch
resist; and that the great PostScript
computer language makes printed
circuit layouts exceptionally fast, fun
and easy to do. From any computer,
using nothing but your favorite word
processor.

One early transfer film sheet was
the TEC-200 film from MeadowL ake.
Sadly, many hackers swore at this new
product, rather than by it. Even though
many of the partial transfer problems
were caused by improperly cleaned
boards, not doing a preetch or preheat,
by using any old copier (instead of a
SX laser printer), and trying to use an
iron (instead of a Kroy Kolor machine
or suitable heat press of some sort).

As we saw last month, a very much
improved transfer film is now offered
by Technics Inc as their PCBF-1000.
Both these products suffer a common
flaw: They both expect a differential
transfer to take place reliably in the
real world. You first ask all of your
toner to loosely stick to the transfer
film. Later, you expect all of your
toner to strongly adhere to the board,
leaving zero residue on the film.

The differential transfer problem
has been solved in spades by a brand
new Toner Transfer System offered by
DynaArt Designs. The system is
basically a polyester film coated with
some high tech sugar water. There are
two different ways you use the film,
called the cold method and the hot
method. Both methods open all sorts
of new hacker opportunities.

The hot method is best for hacker
circuit boards. With the hot method,
you will laser print a backwards but
positive image by using an SX printer
with a good grade of graphics refill
toner. As with the previous films, you
then iron the toner onto a super-clean
bare printed circuit board. You now
have toner that is very tightly stuck to
both the pc board and the film.

Soak your board in warm water for
a few minutes, and all the high tech
sugar water dissolves, floating away
the backing sheet. And leaving pretty
near all of the toner on your circuit
board nearly all of the time. Gently
wash in warm water to remove any
residue. Then etch as usual.

Black Lightning

Riddle Pond Road

West Topsham, VT 05086
(800) BLACK99

DynaArt Designs
3535 Stillmeadow Lane
Lancaster, CA 93536
(805) 943-4746

The Flash

Riddle Pond Road

West Topsham, VT 05086
(800) BLACK99

Kepro

630 Axminister Drive
Fenton, MO 63026
(800) 325-3878

Lazer Products

12741 E Caley Ave #130
Englewood, CO 80155
(800) 843-5277

DIRECT TONER PC RESOURCES

Meadowlake

Box 497

Northport, NY 11768
(516) 757-3385

Midnight Engineering

111 E Drake Road Ste 7041
Ft Collins, CO 80525

(303) 491-9092

Recharger

101 Granite Street Ste F
Corona, CA 91719
(714) 371-8288

Supplies Unlimited
101 Granite Street Ste F
Corona, CA 91719
(714) 371-8288

Techniks, Inc
45 J. Ringo Road
Ringoes, NJ 08551

The cold method is best for circuit
board component callout overlays,
dialplates, and ordinary decals. Print
your normal and positive image to the
film. Then spray your image using
several light coats of a clear lacquer,
urethane, or epoxy. Cut out all your
images slightly oversized and soak
them in warm water. Then transfer
your images just as you would any
model railroad decal. Y ou can either
remove the lacquer with acohol to get
at the bare toner, or add additional and
more protecting clear sprays for extra
durability.

Those cold method results do ook
especially impressive when you use a
Canon color copier. Note that you can
now transfer toner onto anything. The
cost of isfive sheets for $9.95.

As this month’s resource sidebar, |
have gathered together a few of the
better known direct toner resources.
Besides the three films we just looked
at, Kepro is your leading source of
hacker printed circuit supplies. More
on the direct toner method is likely to
appear in The Flash or in Midnight
Engineering magazines. My two very
favorite toner sources remain Lazer
Products and Black Lightning, while
others advertise in the Recharger and
Supplies Unlimited magazines.

I’ve recently posted my shareware
PostScript printed circuitry layout
package over to GEnie PSRT as our
file #401 PRNCRCT.GPS. Plus a new
summary tutorial on the new hacker

printed circuit techniques as file #419
NUTS3.PS. And new stuff on toner in
general as #435 TONERTRX.PS.

New Tech Lit

Two reliable sources for foreign
semiconductor replacements are now
MCM Electronics and Consolidated
Electronics. Both have free catalogs
available on request.

A free video on laser printer repair
training is now available from Don
Thompson. Don is highly regarded as
having the finest training services in
thisfield. Besides stocking most of the
hard-to-find replacement parts.

Two environmental trade journals
are Environmental Protection and
Pollution Equipment News. The latter
has plenty of ads for interesting and
unusual sensors.

For lots more info on Santa Claus
Machines, check out the brand new
stereolithography user’s group up on
GEnie UNIX. And a good tutorial on
wavelets has appeared on page 16 of
Dr. Dobbs Journal for April 1992.

Two free software sources for this
month: Iterated Systems has a free
demo diskette on their new real time
fractal decompression software. And
Burr-Brown has a new freebie Active
Filter Design disk available.

If you are at all interested in active
filters, also be sure to check out my
classic Active Filter Cookbook. Thisis
available by itself or as part of my
Lancaster Classics Library. O
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h, the times, the times they

are a-changing. We seem to

have a mix of really bad and

really awesome stuff coming
down lately. Let’s start off with some
of the sadder vibes...

Heathkit has recently discontinued
production on most of their electronic
kits. The end of an erafor sure.

BUT — A funky little outfit called
Musty Manuals is setting out to stock
and make available all of those older
Heath assembly books and instruction
manuals. And lots of exciting hacker
kits are newly being made available
from such outfits as PAIA, Elector,
Old Colony, and Micro Mint. Plus, of
course, through several of our fine
Electronics Now advertisers.

The technical paperback book field
(especially the non-computer titles) is
clearly not well. SAMS is essentially
gone, triaged into the most ethereal
shadow of what once was the most
respected and diversified technical
book publisher in the world. TAB has
gotten itself both conglomerized and
three-piece suited. And | have been
getting plenty of helpline complaints
over several other sources that offer
dated, foreign, and inaccurate titles.
Believe it or don't, your IRS is now
paying all publishers to shred books.
Especially old technical paperbacks.
In sort of the same way farmers are
paid not to grow crops. Through an
obscure inventory ruling which has
totally decimated long term back lists
and older technical titles.

BUT — An incredibly exciting new
opportunity called Book-on-demand
publishing is emerging in which you
can produce first quality paperback
and hardback books literally on your
kitchen table when and as they are
ordered. With a "forever" backlist, no
IRS inventory penalties, and no lower
limit to your total number of sellable
volumes needed. And including such
exciting possibilities as a 90 percent
author’s royalty and rapid CD ROM
distribution.

Much more on this on GEnie PSRT.
For starters, download our two files
DEMAND.TXT and DEMAND.PS.

S
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Electronic halftones
Apple’s PhotoGrade
Consultants network
Two great new books
Marketing your ideas

Very alarmingly, some community
colleges are outright eliminating their
electronics departments. Or else are
sharply cutting back on them. And
many of those electronic service and
repair trade journals have now
vanished without a trace.

BUT — We now have got the richest
and most incredible variety of cheap
new chips to play with. Anywhere.
Ever. We have major breakthroughsin
hacker direct toner printed circuits.
We have got a brand new Electronics
Now format with new features and
fresh ideas that continues the oldest
ongoing electronics publishing house.
And we are something like a scant
eight years away from hardware that
can surpass the human brain in logic
and analysis capabilities.

Right now is certainly the greatest
time ever to be getting into hardware
hacking in a very big way.

Electronic halftones

I’ve recently been playing around
with the new LaserWriter G and am
very impressed with its new ability to
print medium- to high-quality photo
halftones. So, | thought we might
review what is involved in the laser
printing of photosin general. And see
just why Apple’'s neat PhotoGrade
process seems to elegantly beat out the
brute force methods.

And how we can do even better.

Many of those previous generation
laser printers were 300 DPI devices,
capable of placing or not placing 300
whole dots per inch uniformly along
any one selected laser scan line. This
translates up to 90,000 dots per square
inch, or atad over 8 million dots on a
standard page. If adot isonly black or
white, it can usually be represented on
the page bitmap or else in the frame
device as a single hit. Thus, around a
megabyte worth of memory must be
reserved for your full page bitmap at
300 DPI resolution.

The obvious big dilemmain raising
your laser printer resolution is this: As
you go from 300 DPI to 1200 DPI, you
could end up requiring sixteen times
the memory! And your page makeup
times could end up sixteen times as
long! Yet "more" resolution is clearly
perceived to be a big user need.

Orisit?

Actualy, laser printing resolution is
pretty much as highly overrated as
Peterbilt trucks or teenage sex. But
that’s another story for another time. |
strongly feel that higher resolution is
not worth losing genuine Adobe Level
I PostScript, duplex printing options,
low 0.2 cents per-page printing costs,
mainstream technology, useful third
party supply sources, local hard disk
support, or any sleep over.

At least for most people most of the
time. And a poorly scanned photo (or
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Fig. 1 — A LASER PRINTER can fake a halftone by grouping dots into a larger
"cell". In this example, a 3 x 3 pixel array forms a cell that can have ten gray
levels, including black and white. On a 300 DPI printer, this would form a "100

line, 0 degree" halftone screen.
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Note that even the very highest spot
densities used are nowhere near 300
spots per inch!

A second halftone parameter gets
called the screen angle . It turns out the
human eye is very good at picking out
horizontal and vertical lines, but rather
poor on resolving diagonals. Since the
halftone process can introduce visual
artifacts , it is often best to set your
black and white screens on a 45 degree
angle. In color printing, the halftone
screen angles can become even more
critical if they are to eliminate most
objectionable Moire patterns.

There are several methods to fake
halftone screens on the laser printers.
One is to group all the possible laser
dot positions into larger spots that I'll
call acell. Figure one shows you how
a 300 DPIprinter can use nine dots to
make cells of 100 spots per inch. This
particular cell has a screen angle of
zero. As you can see, there are ten
possible gray levels here, including
black and white.

We can immediately see that we
could use thirty-six dots to form 50
spot per inch cells. And these cells
would give us thirty-seven possible
grays. Clearly, we do have a tradeoff
between the number of cells per inch
and the number of available grays.
Use too few cells per inch, and you'll
get the "Sunday Funnies" effect with
very grainy dots. Use too few grays,
and you will solarize with obvious
(and often objectionably bad) steps
between each possible gray level.

The gray level resolution of your
eye depends on context and contrast,
but something slightly over 256 gray
levels is often possible. But, because
of the stupendous costs of exceeding
256 grays, most experts agree that
eight bits of gray scale resolution is
"enough" for even the most premium
images. Television sometimes might
get by on as few as six hits, good for a
mere 64 gray levels.

The obvious next question is "How
good can our halftones image at an
unenhanced resolution of 300 DPP"
Ignoring the obvious answer of "Not
good enough", we'll then go on to ask
"What can we do about it?"

PostScript to the rescue

I"ve discovered that the PostScript
general purpose computer language
has some really great approaches to

electronic halftones. These do involve
their setscreen and image operators,
among many others. PostScript uses
some imaging tiles that determine the
screen angles and frequencies. Since
these screen tiles must all abut each
other perfectly and still must follow
integer (whole numbers only) math,

there are very definite limits to which
300 DPItiles are possible.

If you ask for some halftone cell
angle or frequency that is simply not
physically possible, PostScript will
substitute the nearest handy one.

Figure two shows you the available
denser halftone cells as used on most
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Fig. 3— THE TOP SECRET GRAY MAP for a 300 DPI PostScript printer. Most
users and most application packages insist on using the seventeenth most
putrid of the available grays. The "best" graphics gray is 106 DPI at 45 degrees.
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popular 300 DPI PostScript printers.
Figure three shows you the secret gray
map for all of the "hidden" PostScript
grays you can use.

Typical PostScript users and most
applications packages blindly insist on
choosing the seventeenth most putrid
PostScript gray available. Whilethisis
often incorrectly labeled a 60 DPI
screen, its effective resolution is only
53 dots per inch. There are 33 grays
with this default screen.

Which sort of explains the "Sunday
Funnies" effect of most poorly done
PostScript screens. And one of the
biggest reasons why people feel they
need "more" resolution. When in fact,
their grays could all get instantly and
dramatically improved by using a few
dozen keystrokes!

Ferinstance, the "best" PostScript
300 DPI halftone screen for typical
graphics is a 106 DP| 45 degree one
which gives you absolutely beautiful
grays. Sadly, you'll only get ten of
these grays, but the lightest ones are
very good for graphics.

Two other quite useful 300 DPI
secret PostScript grays of interest are
the 85 line and 35 degree "reprogray"
useful for oversize camera ready art,
and the 1351ine, 25 degree "india ink
wash" gray. The latter gives you only
six gray levels and requires a careful
selection of toner and paper. But the
results are stunning.

For photo halftones, you might like

to try the 73 spot and 14 degree screen
having eighteen grays. Or else the 71
spot, 45 degree screen with nineteen
grays. Using an extreme amount of
care, these can become just barely
useful in certain applications.

No, none of these screens can give
you any high quality halftone photos.
But the 71 line screen can give you a
recognizable "auto shopper" quality
photograph. Especially if the scanned
image has been properly histogram
equalized.

One way to do a "best" PostScript
gray is to enter these keystrokes as
PostScript commands...

106 45 { dup mul exch dup mul
add 1.0 exch sub} setscreen

The very first number is your cell
frequency; the second is your angle.
The details of where and how you
enter these code lines depend on your
PostScript programming style or the
applications package.

Call meif you need any further help
on this.

We may see quite a bit more on
image enhancement next month.

Three key points: The halftone dots
used in everyday printing are much
coarser than 300 DPI Some excellent
graphic PostScript grays are available
at 300 DPIthat only need a few dozen
simple keystrokes for their activation.
And our halftone photo quality, when
given properly image processed input

old 300 DPI

pixel size \

new 600 DPI

/ pixel size

\

/

(100 DPI, 0 degree halftone cell shown)

Fig. 4 — BOTH QMS AND IBM/LEXMARK chose the "brute force" 600 DPI
method to improve their PostScript photo halftones. The original 100 DPI spots
allowed 10 gray levels; the new ones allow 37. There is a 4X speed and 4X
memory penalty for the modest (but certainly welcome) improvement.

doesn’t miss by that much.

So we can potentially add only a
little to 300 DPland gain enormously
on halftone photo quality. Both QMS
and IBM/Lexmark picked the brute
force method. As figure four shows us,
they switched to a 600 DPI double
resolution and then swallowed the 4:1
speed and memory penalties. At 100
cells per inch, you now have 37 gray
levels. Or 50 gray levels at an 85 cells
per inch density.

Which could makes the difference
between "lousy" and "not half bad"
photo halftones. Especially given a
proper digital image processing.

Apple has chosen the more elegant
PhotoGrade method of figure five.
They remained at 300 DP| but added
three extra bitmap memory planes for
a total of four. Then they modulated
their laser dot size to one of sixteen
values. You now could have sixteen
times as many potential gray levels as
you did at 300 DPIwith only a single
memory plane. At 106 DP| you now
have a much better 128 gray levels
available. Which is equal to a brute
force resolution of 1200 DPI.

There is only a negligible speed
penalty, since all four memory planes
are written in parallel using custom
LSl chips. And while you retain the
same 4X memory penalty as a brute
force 600 x 60Q you’'ll get four times
the effective resolution!

The results? Good to better photo
halftones out of any plain old 300 DPI
laser printer engine. Especially with
premium toner and properly scanned
image processing.

The PhotoGrade is also upgradable
on older NT and NTX printers with a
simple plug-in board swap.

Can we do better?

| think we can. At least in theory.
For any 100 spot per inch tile at plain
old 300 DP| we are using nine bits to
call out only 10 different spot values.
Since nine bits could represent 512
different state values, the memory use
efficiency is atad under two percent.

Wowie gee.

The PhotoGrade does ridiculously
worse. Here we are asking thirty-six
bits to call out a mere 144 different
gray levels. Since thirty-six bits can
yield us up to 68,719,476, 73&lifferent
states, our memory use efficiency is
essentially zero!
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Thus, virtually all of that Apple
PhotoGrade memory bitmap is totally
wasted!

Instead, let’s go back to, say, 100
spots per inch at a plain old 300 DPI
Once in the center of every desired
halftone spot, put out asingle laser dot
having up to 512 possible size values.
Presto. A mind-blowing total of 512
grays at 100 DPt Or a "perfect" 256
grays up at the usual 106 DPI!

What would happen is this: The
laser scanner would run in one of two
selectable modes. In the normal
PostScript mode, the dots go down at
the expected resolution. In the photo
halftone mode, fewer and much larger
dots go down at the expected halftone
screen resolution.

Even if an entire bitmap was needed
to keep track of modes, this would still
be up to twice as memory efficient as
PhotoGrade, while still delivering up
to four times the actual number of
resolvable photo grays.

But a simple old mode list could
possibly be used instead. Yielding a
zero memory penalty for top quality
photo halftones.

This for photo halftone dots only;
you would still be able to do special
screens and weird spot functions the
old way. Patterns, too.

Note also that your laser printer
would now be doing variable sized
dots in exactly the same manner that
"real" printing halftones usually go
down on the page.

For us to fully utilize what seems
theoretically designable, you would
need some special automatic mode
sensing for the halftone areas. And a
diamond-shaped laser beam whose
diameter can be controlled over a 25
decibel or 16:1range. Down from a
maximum slightly under three times
larger than now gets used. None of
these needs seems areally big deal.

Thus, it should be theoretically
possible to build a 300 DPIPostScript
laser printer with outstanding photo
halftones. A 1697 DPlequivalent. At
zero speed or memory penalties.

Hmmmm...

| have posted lots of halftone and
secret gray study examples to GEnie
PSRT, especially in my files 129, 141,
144, 179, 180, 231and 239.1've also
uploaded some high quality images
that you can play with, either inside or
outside PostScript. In particular, check

DesignTech International
7401 Fullerton Road
Springfield, VA 22153
(703) 866-2000

Encyclopedia of Associations
835 Penobscot Building

Detroit, Ml 48226

(313) 961-2242

GEnie

401 North Washington Street
Rockville, MD 20850

(800) 638-9636

Inventor-Entrepreneur Network
1683 Plymouth Road

Ann Arbor, MI 48105

(313) 663-8000

Micro-Mint

4 Park Street, Suite 20
Vernon, CT 06066
(203) 875-2751

PRODUCT MARKETING RESOURCES

Midnight Engineering

111 E Drake Road Suite 7041
Ft Collins, CO 80525

(303) 491-9092

PAIA Electronics
3200 Teakwood Lane
Edmond, OK 73013
(405) 340-6300

Redmond Cable
17371-A1 NE 67th Court
Redmond, WA 98052
(206) 882-2009

Synergetics Consultants Network
Box 809

Thatcher, AZ 85552

(602) 428-4073

Whole Earth Review
27 Gate Five Road
Sausalito, CA 94965
(415) 332-1716

out LENA.PS MANDRILL.PS and my
enhanced LENAHIST.PS

Marketing your products

| was pleasantly surprised that the
leading invention marketing firms are
now publishing their track records. Up
front in their initial mailings. One of
the oldest and largest discloses: Of the
ideas submitted and contracted, the
odds of getting a royalty license are
100:1 against, and the odds of any
positive cash flow that exceed costs
are 600: lagainst.

These figures sound about right to
me. Sometimes I’ ve done almost that
good on my own. And sometimes not.
Selling an idea is a real rough row to
hoe. One that could become a near
impossibility if you are not a fully
trained and well experienced insider
attuned to the trade journals, political
realities, seminars, economics, and
tech literature of the target field.

An invention marketing firm is just
ahired gun, similar to an ad agency or
aresume typing service. Y ou pay them
for their time and effort. For such
services as patent searches, for listings
in product newsletters, and promotion
at invention fairs.

Cash up font.

Naturally, asking anyone at any
invention marketing outfit whether
your idea has any value is about as
bright as asking any auto salesman

whether you need a new car. Or an ad
agency whether you need an ad. Or a
mugger whether you need mugged.
Come on now. What did you expect
them to say?

Aswe've seen a number of timesin
the past, the core problem lies in the
absurd mythology surrounding today’s
patent system. Very simply, patents
have little to nothing at all to do with
the selling or marketing of an idea. For
most individuals and most small scale
technical startups, any involvement
whatsoever with the patent system is
virtually certain to end up asanet loss
of time, energy, money, and sanity .

Just about all hackers will tend to
grossly overvalue a new idea. At one
time way back in the golden age of
inventing, ideas were occasionally
worth as much as one dime a dozen.
Today, they are worth less than ten
cents abalein ten bale lots. Any ideas
gain value only when you can clearly
demonstrate your end users actually
getting off on them. And then only
when those ideas are already in some
saleable, competitive, promotable, and
distributable form.

The key secret to selling an idea is
very simple: They must come to you.
And never vice versa. For our special
resource sidebar this month, | have
tried to gather together a few useful
alternatives that can help you profit
from your ideas.
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Two essential magazines are that
Midnight Engineering and the Whole
Earth Review . There are bunches of
independent and non-profit inventor’s
organizations out there. One | can
heartily recommend is Ed Zimmer’'s
Inventor-Entrepreneur Network . For
other regional sources, check out the
Encyclopedia of Associations you will
find at your local library.

No, | just do not know of anyone
anywhere that is dumb enough to buy
raw, unproven, or undeveloped ideas.
But | do know of several someones
who sometimes may be interested in
looking at tightly targeted products if
these products are already in their
pre-production prototype stage and
are currently under active end user
beta testing .

For instance, Mark Gottleib of his
Design Tech International  is looking
for innovative approaches to low end
consumer electronics, especially for
those items that can be blister packed
and need no smarts to use.

Dennis Carper of Redmond Cable is
seeking out tested and already proven
interconnect and adaptor products that
can clearly solve some obvious and
well defined problems.

John Simonton of PAIA sometimes

looks for items with kit possihilities,
especially if they are related to
or electronic music.

And Steve Ciarcia of his Micro
Mint is occasionally interested in any
embedded processor aps. If they are
genuinely unique.

Once again, please don’t hassle any
of these folks unless you are well into
areal world beta test. And then make
certain it applies to them.

Besides my own RoundTable
on GEnie, you also just might want to
check out their , short for Home
Office and Small Business .

I’ve also more or less put together
my ongoing, loosely knit Synergetics
Consultants Network that centers on
our voice helpline. There’s no charge
for referrals to a consultant in our data
base. If you are a consultant and want
to participate, there is a five percent
referral fee, due when and as the work
is actually completed and collected
for. And out the door.

Give me a call at if
you need any more info. Best calling
times are weekdays, in Mountain
Standard Time .

From Texas Instruments , seven

T

One-of-sixteen dot size output to laser scanner

4-bit D/A converter

"8" bitmap "4" bitmap

(100 DPI, 0 degree halftone cells shown)

"2" bitmap "1" bitmap

Fig. 5 — THE APPLE LASERWRITER G remains at 300 DPI, but uses four
bitmap memory planes that allow one of sixteen pixel dot sizes. This permits
144 gray levels at 100 DPI for good- to better-grade photo halftones. Or 128
gray levels at the more popular 106 DPI and 45 degree screen.

pounds of revised linear data books.
Volume onopamps, on , ,
and video; and volume  on voltage
regulators and really oddball stuff.

A pair of very readable new books:
The Triumphs and Trials of an Organ
Builder , by Jerome Markowitz,
of Allen Organ , and published by the
Vox Humania Press . Among the other
things, it reveals how trivially easy it
is to have any technically solid and
perfectly valid patent busted in court.
Just because some epsilon minus does
not happen to like you.

Plus Accidental Empires by the
pseudonym Robert X. Cringley , and
newly published by Addison Weseley .
Subtitled

. This book has a double handful
of quite funny one-liners in it. But
otherwise reads like something that
Cringley would write.

I’ve found few trade journals
available on electronic servicing. One
useful new one, though, is

LA
big emphasis is on computer service,
especially handy sources for printer
and disk drive replacement parts and
assemblies.

A great collection of navigation
books, and otherwise is offered
by the
And a new
labor-of-love newsletter has recently
started publication.

Two additional firms apparently
still offer top octave generators and
other classic electronic organ chips.
The first is ,
and the other is
The latter also builds workaround
replacement modules for chips that are
truly unavailable.

Turning to some of my very own
products, yet another obvious and
major product selling resource is my
recently improved

. The autographed
copies are available per my nearby

As usual, we've gathered many of
the resources mentioned together into
the appendix or
into the
sidebar. Do be sure to check these out

you use our no-charge tech
helpline or calling for a free hacker
secrets brochure.
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top the presses. Murata has

just announced a Gyrostar

iezo gyroscope. Which, if it

s as great as it looks, could

easily become the hacker component

of the decade. All I’ve got on this so

far is that brief note in the June 8th

Design News and a promise for more

tech info. Needless to say, the hacker

potential of a $5 nav gyro would be
truly revolutionary.

Be sure to stay tuned on this one.

Things are also starting to happen
fast and furious on that direct toner
printed circuit board front. Since my
last report, the new and water soluble
decal based Toner Transfer System
offered by DynaArt has been further
improved. The new Printed Circuit
Board Transfer Film from Techniks
looks even more promising.

What Techniks did was take their
old differential transfer system and
add a new and blue polymeric release
coating. This poly release coating can
dramatically improve the transfer and
actually becomes an important part of
your resist pattern.

Faster than the speed of light?

Every week or so | get at least one
letter or a helpline call from someone
who feels they have clearly broken
some physical laws. Maybe they have
proof that the speed of light is not a
constant. Or that those three laws of
thermodynamics just do not apply to
them. Or that perpetual motion can be
possible using magnetic repulsion. Or
they have tapped the zero point scalar
energy from the fabric of space. Or
that their latest pet theory proves the
cold fusion process.

Usually, they’ll also complain that
they’ve sent their theory everywhere
and have gotten zero replies. Or that
they are getting ignored because they
are an outsider.

Very often, their inquiries will be
self-defeating. How? By including
totally irrelevant religious or political
contexts. Or by being super secretive.
Or written and submitted in such a
way that they scream "Hey, kick me,
for I’'m not even computer literate.”

(

Alternate action latches
Histogram equalization
Gamma curve correction
Digital image processing
Semiconductor ic houses

If it likes water, looks like a duck,
and quacks like a duck...

But consider who is receiving these
letters. Based on past experience, the
editors or the publishers know that the
probability is 0.99+ that the lab work
(if any) isjust plain wrong. Or, more
typically, not even wrong. And 0.99+
that the sendee is clearly a few chips
shy of afull board. Why should they
believe you?

The sad thing is that needle in the
haystack. I’'m going to be generous
and claim that one letter in 500 in fact
does have the germ of a new theory or
a developable product or a fresh look
at asolvable problem. And, yes, newer
ideas often get ignored or vehemently
attacked.

What can you really do if you have
genuinely beaten those overwhelming
odds and your controversial ideaisin
fact both new and for real ?

There are two possible routes you
could take to get your ideas accepted.
The first or real science method isto
thoroughly try and prove that you are
wrong. Be sure to use lots of careful
research, especially through Dialog
and those UMI reprints. Be certain to
subscribe to all of the relevant insider
trade journals and go out of your way
to study the scholarly publications in
the field. Learn all the lingo. Attend
conferences and trade shows. Find a
patient and knowledgeable industry
insider that is willing to look at your
idea and honestly comment on it.

Make absolutely certain that you
have a simple experiment that can be
independently duplicated and verified
by disinterested outsiders.

Hire some competent engineering
or physical science consultants to
study and add credibility to all your
claims. Do take enough college and
university level courses to make sure
you do thoroughly understand at least
the fundamentals of the field. Along
with the needed math to back it up.

And finally, you present the ideas
clearly identified as a possible new
theory in some professional context
totally free of religious, political, or
any conspiracy mumbo jumbo.

The second route isto publish viaa
pseudoscience press. There are quite a
few of the underground or alternate
life publications that welcome
material of this type. Every now and
then, that Whole Earth Review gives
you a list and rundown of all the
magazines of this genre. Let me know
if you want to see a resource sidebar
on these.

One leading bookstore that does
specialize in selling and distributing
pseudoscience topics is High Energy
Enterprises. Many of their offerings
are utterly fascinating. These folks
also do sponsor several yearly forums
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Fig. 1 — SOME SIMPLE LATCHES
and alternate action circuits.
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where the controversial pseudoscience
topics are strongly encouraged.

Several very important tips when
publishing your own pseudoscience
tracts: Be sure to use cut-and-paste
Xerox-of-an-Xerox and lots of poorly
printed sloppy layouts. Smeared ink
on cheap paper is a must. Be sure to
freely quote obscure rural newspapers
as your prime data sources. Do be
certain to include illegible artwork.
Extensively refer to unheard-of and
unavailable journals. Use plenty of
irrevelant inference and innuendo.

Be sure to use only 20-200year old
references, especially in any rapidly
changing field. Misquote and drop
some big names, even if totally out of
context and they never heard of you.
"Billions and billions of Carl Sagan’s
ago..." Never offer any succinct and
easily verified experiment.

Always use ten words where one
will do. Make all of your paragraphs
unbearably wide and long. Then run
them all together in haphazard order.
Never come right out and state your
key points. Work Tesla in somehow.
Be sure to include plenty of obscure
religious and/or political references.
Show how your theory is now being
suppressed by a federal conspiracy
headed by the Trilateral Commission

and secretly funded through both the
WCTU and the SPCA

Ignore all the personal computers
entirely. They are only a passing fad
that never will catch on. Finally and
above all: Do not ever, under any
circumstances, use any new desktop
publishing tools and techniques.

Alternate Action Pushbuttons

| got a helpline call the other day
asking for a circuit to convert any old
ordinary relay into an alternate action
on-off device. Well, as the caller has
found out on his own, that gets alittle
trickier than it sounds.

Figure 1-A does show you how to
convert aregular relay into alatching
relay. Press normally open button A
and your relay pulls in. The pull in
closes a relay contact that holds your
relay engaged. To reset your relay,
press normally closed button B. The
relay drops out, opening its latching
contact. Thisis a simple example of a
latch, or a set-reset flip flop.

In 1-B we've used a pair of digital
logic inverters instead. An inverter
outputs a one for any zero input and
vice versa. Assume the left inverter
happens to be outputting a one. The
right inverter sees this one as an input
and outputs a zero. The zero in turn

107 206 035

The VALUE at each PEL or picture element
determines the brightness for that pel; the
LOCATION of that pel in the array sets
the pel position in your actual image.

193 254 ... 091
080 128 219177 161 .. 253
101 223 115 216 015 041 .. 251
083 205 001 240 032 089 ... 093

032 093 170 079 093 106 ... 115
119 023 126 194 091 086 ... 004

Fig. 2 — A DIGITAL IMAGE is nothing but an array of numbers. Digital image
processing takes those numbers and replaces them with other numbers,
following a rule or set of rules. While there is a stunning variety of uses for
digital image processing tricks and techniques, two of the most important
involve gamma correction and histogram equalization.

reaches around and holds the left
inverter in its present state. We are
thus latched and stable. Press button A
to set your latch. Press button B to
clear your latch.

It does turn out that any alternate
action circuit has to consist of two
distinct storage elements. One is for
"Where am |?" and one is for "Where
was |1?" If you fail to provide for two
storage devices, you are certain to get
into major reliability, oscillation, or
preferred state hassles.

In most integrated circuits, the two
needed storage elements are done with
a pair of separate latches. One gets
called the master flip flop. The other is
the slave flip flop. Often these are
combined into a single more complex
logic block, forming a type-D clocked
flip flop or some similar device.

Check carefully, and you will even
find your button on a retractable ball
point pen to consist of two distinct
storage devices.

The simplest and the most elegant
alternate action pushbutton | know of
appears in figure 1-C. The "Where am
I?" storage consists of that pair of
back-to-back inverters. Your "Where
was |?" storage is the capacitor.

Here's how it works: Some brief
time after that latch changes, your
capacitor will charge up to hold the
"Where was 1?" one or zero. Pressing
the button forces the "Where was 1?"
value back onto the input of the first
inverter, and the latch quickly flips.

This happens because the charge on
any capacitor cannot immediately be
changed. Thus, at the instant your
switch is closed, the capacitor actsasa
very low impedance which "force
feeds" its value to the inverter input.
As soon as the inverters flip, positive
feedback holds your new value.

Releasing your button will let the
"Where am 1?" pair of inverters work
normally. A short interval later, the
capacitor will charge up (or down) to
its new "Where was 1?' value, and the
cycle can be repeated.

This circuit can also be used as a
relay driver. It's the fastest and best
way | know of to make a mechanical
relay reliably alternate its states.

While any old CMOSgates could be
used, my favorite here would be a
74HC13hex Schmidt Trigger.

Much more tech info on counters,
latches, and state alternation appears
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in my CMOS Cookbook .
Digital Image Processing

| never cease to be amazed at how
stunningly versatile that PostScript
general purpose language is. | have
recently used PostScript to create a
group of rapid, easy, and fun digital
imaging processing tools. The tools
and a few test images to go with them
have been posted to my GEnie PSRT
RoundTable as IMAGEKIT.PS

What | guess I’d like to do here is
give you a brief intro to digital image
processing. We'll limit ourselves to
high quality gray-scale images.

We will also try to zero in on doing
both a gamma correction and a histo-
gram equalization . These are both
highly important and little understood
crucial uses for serious digital image
processing. Fail to understand either
one and your images will all end up
disasters waiting to happen.

We'll first note that good old silver
halide "slopping-in-the-slush" photo
work is both incredibly versatile and
highly forgiving. Besides having an
enormous dynamic range.

Instead, electronic digital displays,
printers, and any photosetters demand
data which is always "right on". If
anything misses at all, you will get
lousy to useless results. Which is why
digital image processing has become
so important. And so hackable.

Hmmm. To do some digital image
processing, you have to start with a
digital image. Y ou can borrow one of
mine off of GEnie PSRT, or grab one
from a scanner, off a satellite, a fax
machine, or some live video capture
board. Such adigital image is made up
of picture elements or pels. Note that a
pel may or may not be the same size as
the final pixel on your output device.
A pel is defined as the minimum
resolvable data value found in your
numbers within the digital image.

In a gray scale image, a pel gets
defined by three parameters. The pel
luminance value will tell you how
bright this tiny portion of your scene
will be. Its X position value will tell
you how far over in the picture this pel
sits, while its Y position tells you how
far up and down .

Ferinstance, in the LENA.PS file
#4630n up PSRT, we use 256 possible
grays (ranging from PostScript's 0 =
black smoothly up on through a1 =

white). These pels are arranged as an
image 256 bytes wide by 192 bytes
high. This size was picked to be big
enough to be useful and interesting,
yet small enough, short enough and
fast enough to have lots of fun with.
PostScript, of course, can handle any
image size and resolution you want.

The first byte in your data file
contains the 8-bit luminance value for
the upper lefthand pel. The second
byte for the next pel to the right, and
so on. After 256 horizontal pels, the
data starts over again at the left pel of
the next line down. This repeats for a
total of 192lines or 49152bytes.

Or 48K for short.

As figure two shows us, digital
image processing simply consists of
taking this large array of digital bytes
and then creating a second array of
new digital bytes. The bytes in your
second array are related to the bytesin
the first array by some rule or set of
rules. And your processed new image

should now somehow be "better" for
whatever you are trying to do.

For instance, we might just take
each individual datavalue and make it
larger. Which would brighten your
display and give you lighter values.
Make each data value smaller, and you
will instead darken your display,
favoring darker values.

Should there be any defect in the
picture, you can "retouch” by looking
at adjacent pel values and working out
some type of average. And carried to
extremes, this style of digital image
processing can remove any telephone
poles from pictures, rearrange trees,
and literally leap tall buildings with a
single bound.

A digital image processing trick
known as an anti-aliasing lets you
remove the jaggies from black and
white lines. For anti-aliasing, grey
values should get substituted equal to
the expected average value at each pel.
From nearly any reasonable viewing

darker grays.

Perceived
gray levels
at output

Typical Gamma curve of a CRT electron beam
display or a "white write" laser printer will
wash out many of the lighter whites.

Properly gamma corrected display or printer
treats all gray levels equally. Some available
gray levels may be lost in the process.

Typical Gamma curve of a "black write" laser
printer (such as a Canon SX) will muddy the

(white)

(black)

Intended gray levels at input

Fig. 3 — THE GAMMA CURVE for any display or printer relates how the
brightness levels are viewer perceived compared to how they are input. A
non-linear gamma either "muddies the lows" or "washes out the highs". Gamma
correction attempts to make each gray equally significant to the end viewer.
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distance, your jaggies will magically
disappear. Poof.

Calculating new pel values based
upon values of neighbor pels opens up
all sorts of powerful digital image
processing opportunities.

Ferinstance, if you average or low
pass filter against nearby pels, you can
soften or soft focus your image. If you
emphasize any differences, you can
crispen or sharpen your final image.
Carried to extremes, a crispening or
sharpening becomes edge detection ,
where only outlines remain. A magic
algorithm called a Laplacian is often
used for high quality edge detection.

What if your original picture is out
of focus or blurry? Well, you can go to
a rather fancy Fourier or wavelet
transform into a transform plane and
extract a deblurring function . Which
can cancel out much (but not all) of
such things as camera motion. And
perform such tricks as reading those
license plates on speeding cars.

There are now zillions of exciting

techniques which use digital image
processing. We may look at some of
these in future columns. But the first
of the two techniques | feel are by far
the most important involves...

Gamma Correction

The eye acts as a log, rather than a
linear device. And deep down inside,
most display schemes are also quite
nonlinear. As figure three shows us,
the Gamma curve for any imaging
system relates how the expected input
gray levels actually appear to your eye
at the output.

The process of "fixing" a gamma
curve gets called Gamma Correction .
On avideo display, nonlinearities are
purposely introduced to attempt to
cancel out such nonlinearities as the
square law response of most electron
beams to a control voltage. In color
work, the strengths of each individual
beam are also carefully adjusted to
make each color appear to be equally
bright. Even if the color phosphors

Gray
level
usage

(black)

Gray levels

(white)

Fig. 4 — THIS STOCK "LENA" DIGITAL IMAGE appears rather "weak" or "low in
contrast". A glance at the histogram clearly shows why. There are no dark
blacks, no lighter whites, and the few remaining grays cluster in or around the

two prominent peaks.

used have different sensitivities. As
does your eye's response.

If at all possible, you want to do
your gamma correction in some way
that does not cut into the number of
grays you have got available. But if it
simply can’t be helped, digital image
processing can get applied to gamma
correct your display. It can do this by
redefining gray levels, trading off alot
of nonlinear grays for fewer and more
linear ones.

All of today’s laser printers have
inherently nonlinear gamma curves.
This happens because a round dot is
used which has to be larger than the
intended square pixel it is supposed to
completely and flawlessly overwrite.
Thus, in ablack write system (such as
the Canon SX) where the laser places
down black dots, typical gray levels
usually end up darker than you asked
for. Especially the lightest ones.

The PhotoGrade system used on the
Apple LaserWriter G uses a digital
image processing to trade off its gray
levels for a more linear gamma. We
saw some details on the PhotoGrade
halftoning process last month. As a
specific example, at 106 DP| Apple’'s
PhotoGrade system has 128 gray
levels available. A total of 61 of these
are often used for gamma correction.
The gamma correction gets done by
redefining lots of really dark grays and
afew of the mid range grays. The net
result is the remaining 67 distinct and
fully Gamma corrected grays.

The PhotoGrade system offers you
three calibration options. The options
compensate for your particular choice
of toner, density settings, humidity,
and so on. On a calibration, a coarse
and a finer halftone square are put
down for typical gray levels. Thisis
done for three different pages. You
then pick the page you like the best.
The internal code does a predefined
Gamma correction for you.

Additional details on PhotoGrade
processing appear in my GEnie PSRT
#451 LASGCAL.PSand over in #388
LASGNOTE.TXT. Also quite handy is
a #R023I1/A LaserWriter 11g Printers
Developer Notes from APDA.

Histograms and Their
Equalization

Those photo darkroom technicians
and artists have lots of secret tricks
they employ to explore the incredible
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dynamic range of most photo film. By
lengthening or shortening all their
exposures, they can make all of their
prints darker or lighter. By printing on
a "soft" paper, they can reduce their
dynamic range and contrast. Or can
increase it by using a "hard" paper. Or
even eliminate it entirely with alitho
photo paper.

Even more sneaky is dodging and
burning . With dodging, you put your
moving and out-of-focus hand or a
dodging paddle between the enlarger
and the area being printed. This holds
back your light in a selected area and
makes that area lighter than normal.
Which lets you pull details out of any
dark or "muddy" areas of your neg.

With burning, you hold an opaque
mask having a small, ragged, out of
focus, and rapidly moving hole in it
between your enlarger and the print
paper. Burning lets you darken your
highlights and extract details from
underexposed areas.

By now, most of you have seen
those spectacular Navajo slot canyon
photos. Most any southwest calendar
should include at least one example.
And Arizona Highways will be happy
to sell you bunches of them. These
incredible prints carry dodging and
burning to an extreme, using multiple
exposures and twenty or more very
precisely aligned dodging masks to
dramatically bring out the subtlities of
color and texture.

Sorry, but if you go to the bottom of
one of these slot canyons like | have,
you'll find them to be — mostly dark.
What you are viewing on your final
slide or print is highly spectacular
darkroom art, rather than any human
viewable reality.

Digital image processing can be
used to imitate these darkroom tricks.
And getting things right on gets even
more important with digital images,
because you will always be severely
limited by both the available dynamic
range and laser resolution.

The first step in correcting a digital
image is to find out what was wrong
with it in the first place. To do this,
you run a histogram . A histogram is
simply a vote on how many of the
grays get used how often. Figure four
shows us the stock and well known
Lena digital image. If all has gone ok
with the Electronics Now prepress ops
that are beyond my control, this photo

should appear slightly "weak" or low
in contrast. Flat.

That histogram underneath Lena
clearly shows us why. Those lightest
and darkest grays are not used at all.
And most of the rest are bunched in
two clearly defined peaks.

A digital image processing method
known as histogram equalization ~ will
let you perform a magic dodging and
burning which can often dramatically
improve your results. If figure five
made it through prepress the way |
hope it will, you should see a much
higher contrast and greatly improved
Lenawith lots more "snap"”.

To do your histogram equalization,
you try and spread all of your pels
around such that each gray gets used
nearly as often as any other . You can
then selectively replace each pel with
a lighter or a darker gray, adjusting
your accumulated sum to spread out
the total number of pels per gray.

In short, you'll do an absolutely
perfect dodge and burn.

For instance, if you have 49152pels
in your image and use 256 gray levels,
you redefine your grays to get about
192 or so pels per gray level. A simple
accumulated running average does the
job for you. Full code details in my
digital image tools on GEnie PSRT,
especially IMAGEKIT.PS As you can
see in figure five, nearly all of those
available grays are fully and uniformly
used. Or nearly so.

Very conveniently, if you do some
histogram equalization at 256 gray
levels, it should also work with fewer
guantization bits or any reduced gray
levels. Thus, once you have done a
histo equalization, even reduced gray
scale pictures should be dramatically
improved. Even more so.

By doing a histogram equalization,
you can print "auto shopper" quality
images on any unenhanced 300 DPI
laser printer. You’'ll have the best luck
with this by using a 75 line 30 degree
screen with 18 grays, or else a 70 line,
45 degree screen with 19 grays.

Gray
level
usage

(black)

Gray levels

(white)

Fig. 5 — HISTOGRAM EQUALIZED "LENA" DIGITAL IMAGE has considerably
more "snap" and much higher contrast. The histogram shows all gray values
are in full use. A histo equalization is the same as a perfect photo "dodge and
burn”. The quality can be further improved by gamma correction.
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Figures four and five are available
as PSRT files #463 LENA.PSand my
#468 LENAHIST.PS

Any time you are limited in your
gray levels, good histo equalization
becomes absolutely essential. We saw
more details on electronic halftoning
in last month’s column.

Semiconductor Chip Houses

| have been meaning to do some
resource sidebars that give you most
integrated circuit manufacturers, or at
least the more hacker friendly ones.
Since there’s so many of them, we'll
need several sidebars to do the job
right. So, Actel through Fujitsu will
appear this month, and I'll show you
the rest of them when and as we can
get to them.

Some data books are free. Others
have "optional" pricing depending on
whether the sales person likes you or
whether any of the covered chips are
currently being promoted. For others,
just about everybody has to pay the
going rate.

Your best bet is to first request a
short form catalog, a price list, and
their technical literature and ap note
index. These are all usually both free
and immediately available.

Be sure to use your laser printed
letterhead or a professional sounding
telephone request.

New Tech Lit

Data books for this month include
the Opelelectronic Products Catalog
from Quality Technologies . This used
to be the old GE/Harris opto line.

From Advanced Linear Devices , a
Product Databook on linear timers, op
amps, and comparators.

From Signetics/Philips , a new data
book on CMOS Sequencer Solutions .
And from Hitachi , a Semiconductor
Devices for Communications data
book. Included are lots of telco and
cellular radio devices.

Our two brand new labor-of-love
newsletters for this month do include
WeatherSat Ink and the Geo-Monitor .
The first is on weather satellite image
reception; the second on earthquake
monitoring and prediction.

Over in our neat mechanical stuff
department, a free sample of a laser
machined plastic is available from
KMC. And an incredible catalog from
Outwater Plastics . These folks are

Actel

955 East Arques Avenue
Sunnyvale, CA 94086
(408) 739-1010

Advanced Linear Devices
1180 F Miraloma Way
Sunnyvale, CA 94086
(408) 720-8737

Advanced Micro Devices
PO Box 3453

Sunnyvale, CA 94088
(800) 222-9323

Allegro/Sprague
70 Pembroke Road
Concord, NH 03301
(603) 224-1961

Altera

2610 Orchard Parkway
San Jose, CA 95134
(408) 984-2800

Analog Devices
PO Box 9106
Norwood, MA 02062
(617) 329-4700

AT&T

555 Union Blvd
Allentown, PA 18103
(800) 372-2447

Brooktree

9950 Barnes Canyon Road
San Diego, CA 92121
(800) 843-3642

Burr-Brown

6730 South Tucson Blvd
Tucson, AZ 85706

(602) 746-1111

California Micro Devices
215 Topaz

Milpitas, CA 95035

(408) 263-3214

Catalyst Semiconductor
2231 Calle de Luna
Santa Clara, CA 95054
(408) 748-7700

SEMICONDUCTOR RESOURCES (I)

Cherry Semiconductor
2000 South County Trail
East Greenwich, Rl 02818
(401) 885-3600

Cirrus Logic

1463 Centre Pointe Drive
Milpitas, CA 95035

(408) 945-8300

Crystal Semiconductor
PO Box 17847

Austin, TX 78760

(512) 445-7222

Cybernetic Micro Systems
3000 Highway 84

San Gregorio, CA 94074
(415) 726-3000

Cypress Semiconductor
3901 North First Street
San Jose, CA 95134
(408) 943-2600

Dallas Semiconductor
4401 South Beltwood Pkwy
Dallas, TX 75244

(214) 450-0400

EG&G Reticon

345 Potero Avenue
Sunnyvale, CA 94086
(408) 738-4266

Elantec

1996 Tarob Court
Milpitas, CA 95035
(408) 945-1323

Exar

PO Box 49007

San Jose, CA 95161
(408) 732-7970

Exel

2150 Commerce Drive
San Jose, CA 95131
(408) 432-0500
Fujitsu

3545 N First Street
San Jose, CA 95134
(800) 642-7616

laboring under the delusion that they
are now in the store display fixtures
business. In reality, they offer lots of
useful new electronic and prototyping
hardware at unbeatable prices. Not to
mention off-the-wall and on-the-wall
ideas. They even stock Grecian urns
for writing odes on.

For the two key books on all of the
fundamentals of digital integrated
circuits, try my CMOS Cookbook and

TTL Cookbook , either by themselves
or as part of my Lancaster Classics
Library . Per my Synergetics ad.

As usual, we've gathered many of
the resources mentioned together into
either Names & Numbers appendix or
in the Semiconductor Resources (1)
sidebar. Do be sure to check these out
before you use our no-charge tech
helpline or calling for a free hacker
secrets brochure. O
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Fig. 1 — SOME POPULAR FM antennas based upon ordinary dipoles.
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—— to station

[

(A) Single rhombic antenna.

—— to station

\\l_‘
\/‘E

(B) Double rhombic antenna.

Fig. 2 — THE RHOMBIC FM ANTENNA is humongously large, but does offer
exceptionally high gain over a quite a wide bandwidth.

abducted. Mike Sherlock runs a great
(and one incredibly low cost) top
secret hideaway escape in the most
remote portion of New Mexico’s
wilderness outback. The Black Range
Lodge.

Mike is a sometimes Hollywood
type who has gathered great heaping
bunches of footage into what, uncut, is
twelve hours of video tentatively titled
The UFO Marathon. He is now in the
process of editing down and securing
the rights for its eventual release.

This material ranges the gamut from
professionally produced and largely
impeccable network-tv footage on
down (wayyy... on down) to grainy
black and white home videos from
southern Florida box-only addresses.
Whose special effects wouldn’t even
rate the cutting room floor of a 1950’s
grade Z sci-fi horror flick.

For once, | am at a loss for words.
To call this "lore" is condescending.
But calling it "evidence" seems too

strong. Besides, that word "evidence"

has vastly different meanings to an

engineer, a lawyer, or a priest. So a
neutral working definition: The UFO
resource base is the sum total of the
available words and images on this
topic that are reasonably coherent and
more or less relevant.

After sitting through a full twelve
hours of video and then some, | have
come to three tentative conclusions;

(1) The scope, breadth, and depth of
the UFO resource base is now very
much larger than | thought it was.

(2) The potential credibility of at
least a significant subset of the UFO
resource base appears to be higher
than | thought it would.

(3) The current UFO resource base
does represent a multimillion dollar
industry that now employs thousands
on an international basis. Both in and
out of government.

That UFO Magazine appears to be
the leading industry trade magazine.
Your highest profile watchdog group
is the Skeptical Inquirer. Your finest

Thorough shielding and
ground plane construction
are an absolute must!

+12 vdc

Fig. 3 — MINI-CIRCUITS LABS offer a number of ultra low cost and easy to use
broadband VHF/UHF amplifiers and kits. This circuit forms an FM booster with
a 20 decibel gain and a 1 decibel noise figure. Input and output impedances are
50 ohms. Pre-filtering must be used to reject any strong out-of-band signals.

directory is the new Almanac of UFO
Organizations. It's written by David
Blevins, published by Phadera, and
stocked by Arcturcus, among others.

This is sort of a combined Thomas
Register and Michelin Guide. I'd give
it afour ET rating.

Our resource sidebar for this month
shows you many of the leading places
to go for further info on UFO’s and
any related phenomena. Both pro and
con.

And a related contest...

As for our contest this month, just
answer the question Are we alone? in
70,000 words or less and send it in to
me. There'll be dozens of my usual
Incredible Secret Money Machine 11
books, along with an all-expense-paid
(FOB Thatcher, AZ) tinaja quest for
two going to the best of all.

Be sure to send all of your entries
directly to me here at my Synergetics,
rather than over to Electronics Now
editorial. The entry deadline will be
extended for any responses arriving
from fifty light years or more away.
Especially if they don’t have tingjas.

Long Distance FM

We have had quite a few entriesin
our ultra long distance FM reception
contest, so | thought we might review
what can and cannot be done here.

With most any problem, there are
usually both technical and cultural
solutions. Judging by the absolute
outrage Post-Newsweek Cable has
caused locally by dropping all quality
FM station coverage here in the Gila
Valley, | do suppose such things as
petition drives, suitably annoying the
politicians, rattling the Corporation
Commission’s cage, encouraging the
competition, or promoting translators
could be effective.

So would changing your listening
habits. And newer FM transmission
schemes are in the works with much
higher effective ranges, especially for
stereo. But, in voting with my wallet, |
simply prefer to no longer send any of
my hard earned cash to those who |
feel are clearly biting the hand that
feeds them.

At any rate, broadcast FM stations
lie in the frequency range of 88.1 to
107.9 Mhz on channels spaced 200
kHz apart. Thisisin a portion of the
radio spectrum where thermal noise
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ultimately limits distance reception.
Although daytime ignition noise can
become dominant in urban areas.

Your FM reception of any nearby
stations can become complicated by
multipath and the picket fence effects
where the signals bounce around any
nearby hills and structures. Steel or
wire present in buildings also can act
as partial to total shielding. And any
strong nearby station that’'s close in
frequency to a weaker distant one can
also give you fits.

Urban solutions tend to center on
smaller directional antennas having
deep nulls, in shielded transmission
lines that are carefully matched, and in
good receiver selectivity.

For remote rural areas, plain old
signal strength will usually be your
main problem. But no matter where
you are, the higher you can get your
antenna and the nearer you can get to a
straight shot at the transmitter, the
better your resultant signal.

FM signals are often horizontally
polarized and best travel line of sight.
In my Basin-and-Range Southwest, it
is typical to have many stations come
booming in on most any mountaintop
from hundreds of miles away. On the
cheapest receivers with zilch for an
antenna. But distant reception can get
hairy fast if you lose line-of-sight.

Many contest entries did suggest
putting an antenna on the mountain
and then rebroadcasting somehow.

Perhaps as a passive repeater (two
unpowered back-to-back antennas that
often works surprisingly well in
special instances); as some active
repeater (isolated rebroadcasting on
the same frequency to prevent
feedback); as a translator (low power
rebroadcasting on some other
frequency); or with an optical link
(which sends out highly directional
modulated light pulses). Sadly, these
don’t seem too practical for me, since
either going clandestine or hassling
the Forest Service or BLM would be
involved. There would also be
lightning and power problems.

The gain of an antenna is simply
how much better it works in its best
direction than a comparable isotropic
antenna that accepts signals equally
well from any direction. Raising the
gain of your antenna by a mere three
decibels is the same as having the
station double the transmitted power.

The standard baseline FM antenna is
called adipole and is shown in figure
1-A. The dipole has a figure-8 pattern
which gives it a peak gain of around
two decibels above isotropic.

The dipole can be reduced in size by
using twinlead with its 0.7 velocity
factor. Our figure 1-B shows you the
standard hang-it-on-the-wall indoor
FM Tee antenna. But don’t forget this
antenna has a "figure-8" pattern with
nulls along its length, so pick your
wall accordingly.

If one dipoleis good, then more of
them should be better. A group of
dipoles form an array. It turns out that
you do not have to power all of your
dipoles. Some of them can be passive
or parasitic elements. Usually, the
first parasitic element will go behind
your dipole and is called areflector.

One or more additional parasitic
elements can go in front of the dipole
and are called directors. Usually, there
is only a single reflector but multiple
directors. The directors are usually
shorter than the reflector. These two
clues tell you which way to initially
"point" any antenna.

Figure 1-C shows you one popular
arrangement for active and passive
antenna elements called a Yagi. Yagi

antennas are compact, have high gain
and a stong front to back ratio.

Yagi antennas can be designed for
one single station, for the entire FM
band, or for all of FM and television
combined. Broadbanding is done by
changing the sizes, lengths, and the
interpositioning of the elements. All
other things being equal, the narrower
the bandwidth, the higher the gain.

Ferinstance, a single channel, five
element Yagi might have a gain of 11
DB. That same antenna broadbanded
may have only 5 DB of gain.

Thus, asingle station FM Y agi will
usually deliver a stronger signal than
will an "all band" tv antenna.

Since they obviously would have to
be expensive special orders, you'll
normally build your own custom cut
Yagi antennas. One secret to narrow
band and high gain is to use very thin
directors. I've posted an FMYAGI.PS
design program to my GEnie PSRT.
We may look at this some more in a
future column. Let me know if you are
interested.

Y es, antennas can be stacked. But
doing so often isn’t worth the hassle.
The second antenna at best adds only
three decibels to what you’ ve already
got. And without proper impedance

300 ohm twinlead
antenna input

L] I\

R5
I m \ 4 2
' L3 Y CR3
508 %_K_"' 75 ohm dc powered
c1 MI— c9 coax from/to
base unit
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Fig. 4 — APPROXIMATE SCHEMATIC for the Radio Shack 15-1108 TV/FM
booster antenna unit. The polarity of the dc power routed up the coax decides if
the FM trap will be switched in or out. The low cost Motorola transistors used
have an 8 Gigahertz bandwidth and an FM noise figure of 0.4 Decibels!
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matching, you can actually degrade
your signal.

The Radio Shack 15-1636 is a low
cost Yagi-like antenna having three
active elements, three directors, and a
reflector in a reasonably compact $17
design. This can be a good choice for
all but the deepest of fringe areas. But
it looks to me like they cheated a tad
on the overall size.

While Yagi-style FM antennas are
often the simplest and best, there is
another Hacker alternative. This one
gets called a rhombic antenna, and is
just a parallelogram of wire sent either
around or across your room. Figure
two shows details.

Intuitively, a rhombic has a much
larger area and thus (when properly
designed, properly aligned, and used
in a proper location) intercepts more
signal for a potentially higher gain.

Large (70 foot) FM outdoor double
rhombics can reach a mind-numbing
28 decibels of gain! Broadband, yet.

But there is so much that can go
wrong with a rhombic design and so
much cut and try is involved, that you
may want to save this as a last resort.
And then only when there are no

strong local stations.

One useful paper on these rhombic
antennas is Improved Antennas of the
Rhombic Class run in the March 1960
RCA Review. You also might want to
check Try a Rhombic FM Antenna in
the January 1982 issue of Audio.

More info on Yagis, rhombics, and
antennas in general can be found in
any of a number of college or ham
texts. The ARRL’s Antenna Book or
the Antenna Engineering Handbook
by Jasik are typical classics.

Reception of FM signals can end up
more art than science. So, if you are
only interested in one particular FM
station and all else fails, try black
magic. Change the antenna direction
and position to try and find alocal hot
spot. You might try extra pieces of
conductor in or near your antenna. In
one trial, | found that shorting the
antenna cross feed with an aluminum
yardstick dramatically improved the
results for one target station.

Some FM stations add a vertical or a
circular polarization to their pattern to
improve their mobile reception. So, a
non-horizontal antenna sometimes
may work better than you would first
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Fig. 5 — APPROXIMATE SCHEMATIC for the Radio Shack 15-1108 TV/FM
booster base unit. Switch SW1 remotely activates the FM trap. Be careful not to
mix up your cables; the dc power on the coax could cause receiver damage.

expect. Try it and see. Should you be
mainly interested in one station, call
them and ask what pattern they use.

One final trick to deal with a noisy
FM signal is to reduce its bandwidth.
The quickest and simplest way to do
this is to switch from stereo to mono.
This halves your bandwidth and thus
reduces your noise by three decibels.
Some advanced car radio circuits do
this automatically.

It is also possible to use low pass
filters (such as the treble control or
messing with your loudness curve) to
further reduce your received noise.
While, of course, losing the station’s
high frequencies as well.

We better throw in some obvious
safety warnings here: Outside and/or
high antennas must receive lightning
protection. Antennas can kill you if
you hit a power line when installing
one. And any ladders and heights in
general could cause deadly falls.

FM Booster Amplifiers

Will an FM "booster" amplifier help
us at all? Can't we simply make the
received signal louder?

For a number of reasons, booster
amplifiers can be a disappointment to
an outright disaster. But, with some
care, boosters do have their uses.

For any chosen station, any given
receiving antenna at any given place
pointing in any given direction, there
will be so many microvolts of signal
appearing at your antenna terminals.
There'll also be so many microvolts of
thermal agitation noise that appears
across the antenna terminals. At FM
and higher frequencies, the amount of
this rural noise usually gets set by the
temperature of the antenna, and little
else. At least for a given bandwidth.

The ratio of these two voltages is
known as the signal to noise ratio. A
SIN ratio that can produce 20 DB of
limiter quieting is needed to give you
"good" FM reception. Anything less
gets progressively noisier.

For a given fixed bandwidth and
reception scheme, there is no known
amplifier or other electronic method
to improve the input signal to noise
ratio across your antenna terminals!

All the booster amplifier can do is
amplify both the signal and the noise
together. Thus, if your input signal to
noise ratio is too low, there is no way
that any amplifier can help you.
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Put another way, you just cannot
amplify asignal that is not there.

Further, any booster amplifier will
add its own noise and always lower
your signal to noise ratio. The extra
amplifier noise over and above the
thermal background is known as the
noise figure. With care and using the
latest of UHF transistors, an FM first
stage noise figure under half a decibel
(around five percent amplitude) can
easily get done. On the other hand,
throw in any old el-cheapo transistor,
and your FM noise figure can easily
get outrageously bad.

Worse yet, if there are any strong
signals that are also being amplified,
these can overload your booster amp,
splattering themselves all across the
band and creating spurs. It’s real easy
to convince yourself that your booster
amp gave you "lots" of new stations;
in reality it isjust the crossmod from
strong local signals.

Finally, quite a bit of design effort
has gone into the front end of most
premium FM receivers. Unless your
booster has a better design than your
FM receiver, it is almost certain to
degrade, rather than improve your
reception. Most of those el-cheapo
bargain boosters found in the yuppy
catalogs will often make your signals
more, rather than less noisy.

So, what good is a booster? A high
quality and properly designed booster
can make up for transmission losses
down long cables. They can present a
more standard and a better matched
load for your antenna. They can make
up for a cheaper receiver front end
design. Or for standing waves and
some impedance unbalances. And they
are particularly useful when you want
to drive two or more receivers from
one antenna at the same time.

Figure 3 can show you a simple
broadband hacker VHF amplifier you
might like to experiment with. This
uses a low cost integrated amplifier
from Mini-Circuits Labs. Since thisis
a very wideband circuit, you do have
to watch for saturation effects from
any interfering signals. And thorough
shielding is a must. Naturally, adding
resonant circuits and limiting your
bandwidth can give you much better
results for the frequencies you are
interested in. But that sure makes the
design a lot more complicated.

Radio Shack has a newer 15-1108
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broadband TV/FM booster that uses a
pair of exceptionally hot new
Motorola MRF571 transistors. do
These have an eight Gigahertz cutoff
frequency and an FM band noise
figure of only 0.4 decibels!
Approximate schematics for the
antenna and base units are shown you
in figures four and five.

The antenna unit is made up from a
switchable FM trap (just what we do
not need!) and one fairly low gain
amplification stage and cable driver.
The twinlead serves two purposes: It
routes DC power up from their base
station and downlinks your partially
amplified RF signals. The polarity of
the DC power decides whether the FM
trap gets switched in or out. Ordinary
silicon diodes do the switching.

Y ou might like to experiment with
completely eliminating the FM trap. |
don't trust its being there at all, even
in its supposedly "off" position. To do
this, you could try removing L1, L2,
R2, and CR2, while replacing L3 with
the shortest possible jumper.

The base station is made up of a
power supply and another transistor
which acts as a line driver or as a
distribution amplifier. There's also an
adjustable attenuator to optimize the
signal levels.

New Tech Lit

Motorola has announced several
really exciting new chips. Especially
the new MC144143 single chip Closed
Caption TV Decoder and their new
DSP56401 Digital Audio Transceiver.

We do have a collection of unusual
publications this month. Tony Patti
still prints his Cryptosystems Journal
that’s big on cryptography and chaos
topics. And the Journal of Computer
Game Design is a great |abor-of-love
newsletter by Chris Crawford.

Two unigue music newsletters are
Experimental Musical Instruments and
Guitar Digest. And Solar Mind newly
offers several "Holistic Approaches to
Technology and Environment."

The folks at Lindsay Publications
are offering a number of new titles.
These include a turn-of-the-century
reprint on Large Induction Coils, and
anew one on do-it-yourself Lightning
Bolt Generators.

I’ve been self-publishing quite a
few titles these days using my new
Book-on-demand process. Included
are my Hardware Hacker reprints|l &
I, my Ask the Guru reprints 1, 11, &
I11; my Blatant Opportunist I, the new
Resource Bin I, and my LaserWriter
Secrets book and disk combo. O
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0 many exciting new hacker

opportunities have come down

his month that |1 do not even

now where to start. We seem

to be moving into a boundless new
era of hardware hacking.

Before we begin, though, there’'ve
been a few recent helpline calls over
some really ancient history which we
should go over one final time...

Follow that current!

Which way does the current travel
in any electrical or electronic circuit?
Many years ago, one of the electrical
pioneers ventured his wild guess that
electrical current always goes from
the negative to the positive terminal
in an energy source and from positive
to negative in an energy sink.

It took over a century to verify, but
the guess turned out to be correct. At
least for certain solid state circuits at
least some of the time.

To this day, this guessis called the
conventional electrical current, and
appears in figure one. Conventional
current is the only standard taught in
all university and all graduate level
engineering courses, gets used by all
physicists, and accepted by all large
electronic firms worldwide.

Conventional current is shown in
the direction of the arrows on all the
standard electronic symbols. Even the
IEEE tie clasp and cuff links strongly
restate the conventional current. So
does the righthand generator rule and
lefthand motor rule.

Y eahbut, just which way does the
current really go? Well, aglib answer
for the new age nineties is "any way
you want it to".

In semiconductor loads, the current
direction gets decided by the majority
carriers. In any PNP transistor or any
P-channel MOSFET, conduction is by
hole carriers, and the current does in
fact go in exactly the same direction
as the conventional current. In N-type
devices, the current is the opposite of
the conventional current direction.

So what is the problem? And why
am | standing here whipping this long
dead horse?

(

FM Yagi antenna design
Navigation & Navicubes
Two new piezo rate gyros

Conventional currents
Assorted wonderments

Way on back during World War I1,
PNP vacuum tubes were very few and
far between. Come to think of it, they
still are. Because of this, the military
introduced the concept of the electron
current to explain how a vacuum tube
works. And many trade schools and
lower level textbooks continued this
practice into the fifties and sixties.

Which led to the absurd result that
a few hackers, technicians, and much
of the hobby press had their currents
heading in one way, while all of the
engineers, physicists, and the rest of
industry had their currents heading in
the exact opposite direction.

The bottom line: If any individual
or any textbook still tries to teach you
electron current, they are ripping you
off. They are also doing you a serious
disservice that will lead you to untold
confusion and latter day hassles.

Neither electron nor conventional
current is correct all of the time. The
overwhelming majority of industry
and professional level training always
goes with the conventional current.

Among the other reasons, because
there is no compelling reason not to.

Just what would it take to convert
industry over to electron current? For
openers, extremely frigid conditions
in a distinctly unpleasant locale. Or

some words to that effect. Even then,
I would not expect to see this happen
until afew weeks after the Ayatolla’'s
Bar Mitzvah.

When in Rome, go with the flow.
Or too many cooks gather no moss.
Er, something like that there.

Navicube Update

Way on back in Hardware Hacker
#7, we looked at the Navicube, a 3
inch and a 10 dollar cube that always
knew where it was and which way it
was pointed. Well, we still don’t have
$10 Navicubes, although | do expect
some Korean toy manufacturer or two
kids in an lowa basement to shortly
come up with areally good one.

A lot is happening with Navicubes,
both evolutionary and revolutionary.
An update summary of Navicube info
appears as our resource sidebar.

Today’ s popular approaches to the
Navicubes include the GPS satellite
system, fluxgates, real gyros, laser
gyros, accelerometers, and a pair of
brand new piezo gyros.

The GPS global positioning system
is going great guns. Their eighteenth
satellite is now in orbit, and Russian
and ECC competing systems are now
being established. Receiver prices are
in free fall, and the $500 barrier has

The conventional
current travels from
NEGATIVE to POSITIVE
in any SOURCE.

e

The conventional
current travels from
POSITIVE to NEGATIVE
in any LOAD.

U=

<

Fig. 1 - THE CONVENTIONAL ELECTRIC CURRENT goes from negative to
positive in any energy source and from positive to negative in any energy sink.
This is THE standard used by all graduate engineers, physicists, electronic
symbols, and industry worldwide. It even appears on the IEEE cufflinks.
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(A) The Systron-Donner GyroChip is based on two coupled
tuning forks. The Coriolis force from any rotation around
the vertical axis changes the phase and amplitude of the
synchronously demodulated output signal.

LEFT
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DRIVER

(B) The Murata-Erie GyroStar is based on carefully controlled
vibration modes in a triangular piezo element. Any relative
clockwise or counterclockwise rotation changes the phase
and amplitude of the output signals.

RIGHT
OUTPUT

(top view)

Fig. 2 — NEW DEVELOPMENTS IN PIEZO RATE GYROS should eventually
lead to low cost Navicube solutions. A rate gyro tells you how fast you are
now turning. Integrating the turn rate (summing through time) gives you the

current direction.

recently been broken.

GPS World is your foremost trade
journal. They’ve also just started up a
new GPS World Showcase shopper.
As before, the Journal of the Institute
of Navigation is the finest Navicube
technical resource.

Although Rockwell is still the most
obvious source for the GPS chipsets,
Hewlett Packard has just developed a
new single chip GPS front end. While
too early for a part number, several
details now appear in Microwaves &
RF for August 1992. | expect cheap
new GPS parts real soon now, from
several obvious sources.

North sensors are best done using
fluxgate magnetometers. Radio Shack
has a cheap one in their car compass,

and KVH sells expensive commercial
units. We have seen several fluxgate
construction projects and references
in those Hardware Hacker |1 reprints.
Naturally, any magnetic sensor gets
confused by nearby iron.

Many hackers still labor under the
delusion that Hall Effect devices can
be used as compasses. Well, possibly
they can, but fluxgates are thousands
of times more sensitive.

One exception is the very low cost
Dinsmore magnetic compass sensor.
Sadly, its best possible accuracy is a
crude 22.5 degrees.

Solid state accel erometers continue
to drop in price, spurred on by newer
automotive uses, especially airbags.
While Motorola and Micro Switch are

the largest suppliers, the better priced
and more innovative sensors are how
provided by Analog Devices, SenSym,
IC Sensors, and NovaSensor.

Y our two best accelerometer trade
journals are Measurement & Control
and Sensors.

Note that you could integrate (sum
through time) any acceleration to get
velocity, and then integrate velocity
to get the position. There is one huge
technical hassle with accelerometers,
though. Thisis called the "t-squared"
problem. Any bias or similar error in
acceleration ultimately piles up as a
position error that is proportional to
time squared.

Which means if you wait around
long enough for your position, it is
certain to be wrong. Accelerometers
work best for short term uses, when
they can be repeatedly recalibrated or
reset from some other standard every
now or then.

Your classic nav usually got done
by using mechanical gyros. These are
nothing but rapidly spinning masses,
comparable to atoy gyroscope. These
can be costly, cumbersome, and often
involve precision elements rotating at
very high speeds. Gyros are available
surplus from Fair Radio Sales, Radio
Resear ch Instruments, and AST Servo
Systems. One current manufacturer is
Humphrey Products.

Y es, there are laser gyroscopes. A
coil of fiber optic cable has coherent
laser light beams routed through it in
opposite directions which then can be
phase compared. But not much seems
to be happening here to drop the costs
by the 1000:1 needed to make them a
practical hacker tool. Good info on
laser gyroscopes is available from the
IEEE Press and from SPIE.

But our really big Navicube gyro
news for this month involves a pair of
brand new...

Solid-state rate
gyro breakthroughs

A rate gyro is a special gyroscope
which can tell you how fast you are
turning. By integrating your rate of
turn, you can get your direction. By
combining this with some separately
measured velocity, you can find your
current position. And there will be no
t-squared problem, since no double
integration isinvolved.

Traditional rate gyros are available
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from the sources of regular gyros we
just looked at. A hackable and a low
cost fluidic rate gyro was done a few
years back by Doug Garner at NASA,
which used an airstream differential
cooling a pair of thermistors. But not
too much seems to have come of this
approach either.

A pair of new "solid state" rate
gyros are now available. At least one
of these promises to end up as a $5
component. Because these both use
vibrating piezo structures, it is not
quite correct to say that they have no
moving parts. But these certainly are
simple and rugged single piece units
which involve zero rotating parts or
precision mechanisms.

The first unit is the GyroChip by
Systron Donner and shown in figure
2-A. This is a pair of back-to-back
tuning forks machined from a single
piece of silicon. The phase of your
output signal gets determined by the
Coriolis force caused by turning.

The seond piezo gyro is that new
Gyrostar by Murata-Erie, and shown
in figure 2-B. Thisisjust a triangular
piezo oscillator. The Coriolis force of
rotation again changes the phase of
the output signal in proportion to the
rotation rate. This new scheme looks
ridiculously simpler and vastly more
elegant than the GyroChip design.

While both of these breakthrough
devices have the potential to become
low cost parts, the sample costs today
are $300 for Murata's GyroStar, and
a ludicrous $2000 for the GyroChip.
Their support literature so far is also
utterly dismal. But a new $5 Hong
Kong ripoff is just about certain to
quickly become available.

Assorted wonderments

Continuing this month’s stunning
new developments, here is a double
handful of great new stuff...

Image Striking— Be sure to check out
Motion Imaging Processing: Striking
Possibilities in the August 1992 issue
of Advanced Imaging. What we have
apparently got here is a unique new
concept and toolset for video, movie,
and multimedia editing.

Put one frame of a small image in
the upper left of your monitor screen.
Next, move on down one pixel and
one pixel to the right, and then repeat
the process for the next frame in your

sequence. Continue until you have a
diagonal smirp on down your screen,
ending with a final full small image.
While you are at it, show your sound
amplitude for each frame along the
top diagonal of the smirp.

What do you have? In one place
and at one time, a display which lets
you view the temporal content of a
time sequence of multimedia or other
video. In short, you can instantly ook
forward or backward through time,
seeing the relationship between your
current frame, its recent history, and
its near future!

Looking at this "striking" concept
slightly different, say you had a few
feet of movie film. Cut the individual
images apart so they have no borders.
Stack them up and look sideways at
their top and left edges. Once again,
in one place and at one time, you can
see what has happened and what is
going to happen. An instant and real
time plot of images versus time.

Naturally, the edges will only show
you wildly abstract colors or patterns.
But, with practice, those patterns can
easily be read as to the scene, camera
angle, panning, duration, sound sync,
and much more.

A non-obvious ap: Quickly finding
a buried sequence in a humongous
video data base. It is sort of the video
equivalent to that ISAM, or indexed
sequential access method long used
in data bases.

The editing, tweening, scanning,
high speed access, and all the visual
flow possibilities of this new scheme
seem boundless.

Wavelets— The onslaught continues.
A second book is now available and
titled Ten Lectures on Wavelets by
Ingrid Daubechies and published by
SIAM, shorthand for the Society for
Industrial and Applied Mathematics.
While a first rate text, thisis a very
advanced math book that makes for

#508 HACKS58.TXT & #509 HACKFG58.PS

#494 EMERGOP2.PS

#456 WAVELETS.PS

#403 PAK251.EXE

#390 HACKS50.TXT & #391 HACKFG50.PS

#373 HACK49.TXT & #374 HACKFG49.PS

#365 WAVELET.PAK

#258 HACK42.TXT & #259 HACKFG42.PS

the wide extent of wavelet aps.

Reprint of Hardware Hacker #58 from Electronics Now. Wavelets update includes
optical applications, and new Ten Lectures on Wavelets book.

Reprint of Blatant Opportunist #17 from Midnight Engineering. Wavelets are one
of the eight hacker-friendly emerging tech opportunities reviewed.

Reprint of The Wavelet Onslaught from the Midnight Engineering Companion #2.
Brief summary on wavelets and a key resource bibliography.

Utility to unPAK an IBM ".PAK" file, such as #365 WAVELET.PAK

Reprint of Hardware Hacker #50 from Radio-Electronics. Wavelets update,
including new book, IEEE-SP tutorial, Aware application notes.

Reprint of Hardware Hacker #49 from Radio-Electronics. Mentions Wavelets and
their Applications book and Ultrawave Explorer software from Aware.

Complete and ready-to-run IBM Wavelet Packet Lab shareware. This is a .PAK
compressed file that needs file #403 or its equivalent for unpacking.
#313 GURU73.TXT & #314 GURUFG73.GPS

Reprint of Ask the Guru #73 that discusses three video compression schemes.
These include wavelets, DCT/JPEG, and fractal compression methods.

Reprint of Hardware Hacker #42 from Radio-Electronics. Fundamentals of
transforms, along with examples of wavelet video compression.
#195 HACK38.TXT & #197 HACKFG38.GPS

Reprint of Hardware Hacker #38 from Radio-Electronics. A first introduction to
wavelets and wavelet theory. Includes 13 entry sampler bibliography that shows

Fig. 3 — WAVELET TUTORIALS AND SHAREWARE available on GEnie
PSRT. You can call (800) 638-9636 for your voice connect info.
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rough reading by mere mortals.

A brief story on optical wavelet
uses appears in the August 1992 issue
of Photonics Spectra. All those optics
folks sure do have it easy. They just
dump a pile of crockery on the table,
squirt some light through it, and they
get instant real time 2-dimensional
Fourier or wavelet transforms. None
of the old point-by-point computation
nonsense for them.

An entire issue on optical wavelet
transforms appears as the September
1992 issue of Optical Engineering. |
have added #494 EMERGOP2.PS and
#456 WAVELETS.PS to GEnie PSRT
to go along with all the rest of our
wavelet downloads. A complete list
appearsin figure three.

Multilayer PC Breakthrough— | am
still looking for a hacker solution that
makes printed circuit plate-through
holes cheaply possible at home. Or
some workaround which flat out does
away with the need for plate-thru.

A major step in this direction has
been taken by Sheldahl. Whose new

special adhesive lets you build ultra
expensive multilayer boards out of
the cheaper double sided ones. Sadly,
you still need some plate-through.

Their Zlink 1900 is basically a new
adhesive which conducts only in its
thickness direction. Just take a pair of
double sided boards and selectively
apply this adhesive to one of them.
You then add heat and pressure to
bond the pair together. You can end
up with either a three layer or a four
layer board at a tiny fraction of the
going price. And, yes, you can do six
layer, eight layer, as many as you
want. Even have buried plate through
holes! Far simpler, cheaper, and with
a much lower scrap rate than before.

Carefully isolated solder particles
make the adhesive conduct in only
one direction. Their conductivity is
about the same as real multilayer.

A small free sample is available
from Sheldahl on request.

Buckyballs— The price of Buckyballs
continues to drop dramatically, and
these are now hacker affordable. The

' 0.48\ '

(A) An ordinary dipole has an impedance of a balanced 75
ohms resistive just below its resonance. But any thick
conductors or nearby elements lower this resistance or
add some unwanted series reactance.

' 0.48\ '

(B

~

leading supplier remains MER Inc.
and their pricing starts as low as $5.50
a gram raw, and $90 per gram fully
refined. Minimum order is $50.

Meanwhile, a fourth carbon form
has been discovered that is called the
Buckytube. Hollow cylindrical pipes
of carbon that have both the hardness
of diamond and the surface area of
graphite. Possible new uses include
lubricants, and unique materials that
conduct heavily in only one direction.
Check out the August 17 issue of E.E.
Times for a summary update.

More on FM antennas

Last month, we checked into the
fundamental s of distant FM reception.
We have had some requests for still
more info, so here goes...

The noise situation at 100 Mhz is a
tad further complicated than | first
made out. If you do have any remote
rural site, then your first stage KTB
thermal agitation noise does in fact
dominate. And the best noise figure
you can get is super important.

Atmospheric noise is negligible at
FM frequencies. Galactic noise runs
ten decibels or so above KTB around
100 MHz. But you do not normally
point a FM antenna straight up on a
clear day, so thisis also no problem.
The potential killer is the man-made
noise, which can be 25 decibels above
KTB in suburban locations, and 40
decibels or more in urban locations.
Nearby dimmers or computers could
also induce these noise levels.

Most of the man-made noise comes
from car ignitions. It sure would be
interesting to watch the FCC try and
enforce the same Part 15 rules and
regulations on Detroit iron that they
do on Hardware Hackers. Talk about
potential noise levels! The howl! over
this would be unbearable.

At any rate, you'll still want to get
the best first stage noise figure you
can. But it might not help you out too
much if your external noise is much

Folding a dipole into a hairpin loop will raise its input
impedance by four times. The impedance just below
half of a wavelength is a balanced 300 ohms resistive.
Careful tuning is needed in the real world.

Fig. 4 — FOLDING A DIPOLE raises its resonant impedance by four times.

stronger than KTB.

On the other hand, a slight increase
in antenna gain can make a dramatic
improvement in your FM reception.

This happens because of alimiter’s
capture effect. For instance, if you've
got a noisy FM signal, an increase of
only two decibels in antenna gain or
S/N ratio can make up to a seven or
eight decibel improvement in receiver
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quieting.

I’ve found several interesting FM
antennas. The Radio Shack 15-1636 is
cheap at $17 and easy to find. And it
does a good job in near fringe areas.
But it is just plain too small. It only
measures four feet by five feet, while
a no-compromise Y agi solution will
measure five by thirteen.

Radio Shack used the broadband
co-linear array, rather than a Yagi
design. Then, to save on the materials
and size, they apparently designed it
up at 120 Megahertz or so and hoped
some gain remained down in the FM
band. Almost always, a broadband
antenna has lower gain than one cut
for a single station. From their point
of view, thisis a useful engineering
mix that gives you a small and cheap
solution which meets the needs of a
majority of their customers.

Their gain is 6.4 DB over adipole.

Y our most rugged "real” FM DX
antenna is the Cushcraft Y-FM5. This
is available by way of Anixter, the
leading cable TV distributor chain.
The gain is 9.5 decibels over adipole
and the cost is around $70. Size is 59
by 104 inches.

Another interesting antenna is the
ChannelMaster 4408 with a 9 decibel
gain in a 138 inch boom length. The
price seems high at $104.

The highest gain stock antenna |
have found is the Winegard CA-6065,
that has a whopping 10.6 decibels of
gain on a 127 inch boom and costing
around $78. This appears to be the
best choice.

Be sure to remember that raising
your antenna height is usually your
surest way to improve your signal to
noise ratio in typical locations. The
closer to line of sight you can get, the
better the results.

But | live in a pecan grove. Nuts.
My trees glop over everything, most
especially antennas. So some indoor
solution seemed better for me.

What about building your own
single station FM antenna? In theory,
you could pick up another decibel or
two of S/N and as much as 8-10 DB of
quieting over full band commercial
designs. Especially if you are extra
careful in tuning and matching. And
if you have a high loft in your living
room or a wire- and metal-free attic
crawl space, an indoor design can be
much cheaper than a mast mounted

outdoor one. With fewer hassles. And
aYagi isjust abunch of free floating
conductors sitting in magic positions;
a wood frame and grommeted screw
eyes can be used for support.

First, note that there are two styles
of driver elements to a Y agi antenna.
As figure four shows us, if you use a
half wavelength dipole hairpin loop,
your terminal impedance should end
up near a balanced 300 ohms.

If you use a pair of straight wires
of half wavelength total spacing, then
your terminal impedance should be a
balanced 75 ohms. Note that normal
75 Ohm coax is unbalanced; you will
need a baulin or a 1:1 transformer to
get from balanced to unbalanced.

Note that driver impedances inside
an antenna array usually end up lower
than these values. They also must be
carefully matched for best results.

The bottom line: use a hairpin loop
for 300 ohms balanced or the pair of
guarter wave wires when you want 75
ohms balanced. Either way, a final

matching will still be needed.

A six element narrowband Y agi cut
for 100 Megahertz is shown you in
figure five. Use quite thin but rigid
conductors for your best narrowband
gain. Something like bare #12 solid
copper house wire might be a good
choice. To cut this antenna to your
desired station, divide the frequency
in Megahertz by 100 and then divide
all sizes by the resultant number. For
instance, to pick up KDKB at 93.3, all
element lengths and all spacings will
get divided by 0.933. Note the inverse
relationship: stations under 100 Mhz
need slightly larger antenna designs.

The directors should point towards
your chosen station. Use a map for
starters, and then try rotating a tad
either way. Your beamwidth should
be around thirty degrees, so pointing
just right is super important.

Additional directors can in theory
be added, in a size progression. But
you only gain something like half a
decibel per director, and the size does

horizontally polarized.

values divided by 1.045.

55.53
53.76"

23.52"

MATCHING
DEVICE

All dimensions are shown in decimal inches. The
antenna is shown top view, and assumes the station is

To cut your antenna for a specific station, divide the
station frequency by 100 and then divide all sizes
shown below by the same value.

For instance, a 93.3 Mhz station needs all the values
divided by 0.933. A 104.5 Mhz station needs all of the

Fig. 5 — AN INDOOR SINGLE-STATION long distance FM antenna can be
built using nothing but bare #12 house wire. Here is one possible design.
Note that the antenna size should be "cut" for your favorite station. Values
shown assume an insulated boom or other supports. All elements must be
very straight, rigid, parallel, and precisely centered.
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Analog Devices
PO Box 9106
Norwood, MA 02062
(617) 329-4700

AST Servo

115 Main Road, Box 97
Montville, NJ 07045
(201) 335-1007

FW Bell

6120 Hanging Moss Road
Orlando, FL 32807

(407) 678-6900

Dinsmore Instruments
1814 Remell Street
Flint, M1l 48503

(313) 744-1330

Fair Radio

PO Box 1105
Lima, OH 45802
(419) 227-6573

GPS World

PO Box 10460
Eugene, OR 97440
(503) 343-1200

Hewlett-Packard
PO Box 10301

Palo Alto, CA 94303
(415) 857-1501

Humphrey

9212 Balboa Avenue
San Diego, CA 92123
(619) 565-6631

IC Sensors

1701 McCarthy Blvd
Milpitas, CA 95035
(408) 432-1800

IEEE Press

445 Hoes Lane
Piscataway, NJ 08855
(908) 981-0060

Journal of Navigation
1800 Diagonal St Ste 480
Alexandria, VA 22314
(703) 683-7101

KVH Instruments
110 Enterprise Center
Middletown, RI 02840
(401) 847-3327

NAVICUBE RESOURCES

M&C

2994 W Liberty Avenue
Pittsburgh, PA 15216
(412) 343-9666

MicroSwitch

11 W Spring Street
Freeport, IL 61032
(815) 235-6600

Microwaves & RF

611 Rt #46 West

Hasbrouck Heights, NJ 07604
(201) 393-6286

Murata

2200 Lake Park Drive
Smyrna, GA 30080
(800) 831-9172

NASA Tech Briefs

41 E 42nd Street Ste 921
New York, NY 10017
(212) 490-3999

Nova Sensor

1055 Mission Court
Fremont, CA 94539
(415) 490-9100

Radio Research Instruments
584 North Main Street
Waterbury, CT 06704

(203) 753-5840

Rockwell

PO Box 568842
Dallas, TX 75356
(214) 996-5863

Sensors

174 Concord Street
Peterborough, NH 03458
(603) 924-9631

SenSym

1255 Reamwood Avenue
Sunnyvale, CA 94089
(408) 744-1500

SPIE

PO Box 10
Bellingham, WA 98227
(206) 676-3290

Systron Donner
2700 Systron Drive
Concord, CA 94518
(800) 227-1625

get out of hand real quick like. And a
careful match, or finding alocal hot
spot, or a tad extra height can often
get you much more signal.

The theory behind a Y agi antenna?
The optimum spacing is usually 0.2
wavelengths. Your driver should be
half a wavelength wide. The reflector
should be around five percent longer,
while your initial director should be
five percent shorter. The rest of your

directors should progressively be six,
seven, eight... percent shorter.

More on Y agi antennas appears in
two ARRL publications, the Antenna
Handbook and Yagi Antenna Design.
Also see NBS technical note #688.

Close matching of an antennato its
transmission line is essential for the
best gain. Your simplest method is
called a gamma match, and gets done
by just spreading the ends of a 300

ohm twinlead to tap maximum signal
strength. Better methods appear in
the above books.

It would be real interesting to route
both of your dipole rods straight into
a VHF differential amplifier. Such an
antennafier can greatly simplify your
tuning and matching.

But alot of black magic could be
involved, so be sure to experiment.

Let me know all your experiences
with any homemade ultra range FM
antenna designs. I'll try to publish the
best of them.

A green 1991 Product Handbook
from MX-Comm. This little known
semiconductor house offers all sorts
of exciting hacker chips. Especially
those involved with tone signalling,
speech scrambling, cellular phones,
and pagers. One real sleeper: Their
MX009 octal digital gain controlled
amplifier array. Lots of ap-notes are
also included.

Free engineering samples of their
new 41VHS-1 humidity sensor have
been offered on professional request
from Victory Engineering.

Heartland America is yet another
Distressed Y uppy Surplus direct mail
outfit. They have all varieties of high
tech goodies. Their latest new catalog
does offer the first laser pointers that
| have seen for under $100.

RePlay and Play Meter are the two
leading trade journals for the coin
operated video game industry. While
these mostly center on the buying and
selling of games and supply products,
there are occasional technical articles
plus repair books and videos.

If you are interested in starting up
your own tech venture, be certain to
check into my at long last available
Incredible Secret Money Machine I1.
We are also newly shipping the latest
Hardware Hacker [l reprints with
their newest updates. See my nearby
Synergetics ad for more details.

A reminder here that lots of great
technical downloads are available on
GEnie PSRT.

As usual, we've gathered many of
the resources mentioned together into
either of the Names & Numbers or the
Navicube Resources sidebars. Do be
sure to check these out before you use
our no-charge tech helpline or call for
a free hacker secrets brochure.

— 58.6



Don Lancaster’s

Hardware Hacker

January, 1993

few additional comments on

the correlation from back in

Hardware Hacker #54. Our

third autocorrelation mask
example obviously should have been
an 0010 rather than the typo shown.
I’ve corrected this in our Hardware
Hacker 1V reprints.

| should have stated "Radar range
depends upon your transmitted pulse
energy, rather than is proportional to.
Doubling the transmitted radar pulse
energy typically can only extend your
effective range by nineteen percent.

Good classic texts on radar include
Merrill Skolnick’s Radar Handbook,
and the hoary old "Rad Lab One" that
refuses to die. Otherwise known as
Radar Systems Engineering by Louis
Ridenour. Another very outdated but
popular intro is Robert Page's Origin
of Radar from Doubleday.

While much of the information on
chirp radar techniques is classified or
otherwise hard to locate, the Theory
and Design of Chirp Radars in the
Bell System Technical Journal for
July of 1960 is agood intro. |I've also
got a summary in my January 1965
Electronics World chirp story. More
current info can be found through the
Dialog Information Service.

Numerous readers have questioned
that unusual synchronous rectifer
example circuit. Yes, this is correct
as shown. And, yes, there is one hig
hidden gotcha. When a MOS power
transistor gets used for a synchronous
rectifier, you will run it in its third
quadrant. Not the first quadrant like
you might initially expect. This gets
done to keep the substrate diode from
shorting out the works.

More on quadrants below.

Additional details on synchronous
rectifiers do appear in that MosPower
Applications Handbook by Siliconix
and in those Motion, Motion Control,
PCIM, or Power Techniques mags.

Fundamentals of resonance

Resonance is certainly one of the
most interesting and most important
of electronic concepts. But there sure
seems to be lots of helpline confusion

(

High side FET drivers
Drawing semilog plots
Laser printer repair kits
Resonance fundamentals
Far East electronic sources

over what resonance can and cannot
do. Yes, you can produce incredible
energy buildups in certain resonant
circuits. Destructive and even lethal
ones. Y es, you can extract this energy

if you want. No, none of the stored
resonant energy is "free". Just asin a
piggy bank, you can not take more
quarters out than were put in.

At least | do not know how to do

I—\WW—

The RESONANCE FREQUENCY occurs whenever both the
inductive and capacitive reactances are equal...

1
fo= Zmvic

The AMPLITIUDE RESPONSE defines the ratio of the input
to the output voltage, expressed in decibels...

e

2.1 2
out 2 [o]

= —-20 Lo 1+

€in 910 Q |: f ]

The Q or QUALITY FACTOR is defined in several different
ways, each of which leads to a different application...
(A) As the reactance to resistance ratio...
2mf L
R

(B) As the half power bandwidth...
f

[o]

fh_fl

Q:

(C) As the inverse of the damping...

_ 1
Q= 4

(D) As the resonant voltage rise...

(resonant voltage across L or C)
(resonant voltage across R)

Q =
(E) As the ringing rundown time...

A resonant circuit decays to 1/& amplitude
(or 37% = -8.7 decibels) in Q/m cycles.
(F) As the stored energy ratio...
2m(energy stored per cycle)
(energy dissipated per cycle)

Fig. 1 — A RLC SERIES RESONANT CIRCUIT forms the basis for various
electronic tuning, filtering, voltage step up, and energy storage circuits. But
there is no way | know that it can produce any "free" energy.
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Fig. 2 — EXTENDED RESONANCE RESPONSE CURVES for a series RLC
circuit. Note the "flattening out" for frequencies well away from resonance.

this, and 100% of all earlier attempts
at "free" resonant energy have failed
miserably. Most of these were not
even wrong. Let’s take a fresh look
at resonance fundamentals...

Figure one shows you the simple
series combination of one resistor, an
inductor, and a capacitor. This is a
series resonant circuit. Assume for
now that the resistance is your load,
the inductor and capacitor are very
high quality, and the signal source is
avery low impedance.

At extremely low frequencies, the
inductor will look like a short circuit
and the capacitor will appear as a
very high capacitive reactance. Very
little signal will reach the load.

Similarly, at very high frequencies,
the capacitor will look like a short
circuit, and the inductor will appear
as a rather high inductive reactance.
And once again, very little signal will
reach the output load resistor.

At one certain frequency, though,

both of the inductive and capacitive
reactances will be equal in strength
and opposite in sign, and will cancel
out to zero, transferring all of your
input signal to the output load. This
"mC3ic" frequency is defined as the
resonance freguency.

As figure one does show us, the
resonance frequency is determined by
the product of your L and C values.
Resonant circuits are often frequency
selective. They allow you to tuneto a
chosen frequency. This is how you
select any particular am or fm radio
station while you tune out all of the
others. Resonant circuits can also
store surprisingly large quantities of
energy. One very important energy
storage use for resonant circuitsisin
the deflection circuitry of television
sets and computer monitors. Sneaky
resonant switching tricks are used to
sweep the beam back and forth while
recycling the available energy.

The"Q" of a series resonant circuit

can get defined in several stunningly
unique ways. Q (standing for quality)
could get defined as the ratio of the
resonant inductive reactance to the
load resistance. Or as the bandwidth
between your -3 decibel half power
points. Or as afunction of theringing
decay time. Or as the amount of the
resonant voltage increase you'll get
across your inductor or capacitor. Or
as determining the ratio of the stored
to the dissipated energy per cycle.

All of these figure one definitions
of Q are identical, but they will lead
you to profoundly different uses and
applications for resonant circuits.

Y ou change the resonant frequency
by shifting your LC product. You can
change the Q by shifting the LC ratio.

Figure two shows exactly how the
response of series resonant circuits
will change with frequency and Q.
The higher the Q, the narrower the
final bandwidth between your half
power (or 0.707 voltage amplitude)
points. Note that each of these curves
starts out by rising at +6 decibels per
octave, swings up through a sharp
resonance peak, and then eventually
ends up falling at a -6 decibels per
octave rate. No matter how steep your
near-resonance dropoff, you reach a
point where either the inductor’s or
the capacitor’s reactance is too small
to make much difference.

If you need more attenuation well
away from resonance, you usually are
best off adding extra series resonant
poles, or otherwise cascading.

You can quickly sketch most any
resonant curve. You should get zero
attenuation at the center frequency,
and -3 decibels of attentuation at the
half power bandwidth points set by
1/Q. You then locate your resonant
frequency point "Q" (converted to
decibels) down and sketch a pair of 6
decibel per octave lines on downward
from there. Then smoothly connect
all of the dots and the lines.

In high Q series resonant circuits,
the usual reactive voltage across the
inductor or capacitor will be many
times that of the input. For instance, a
one volt input at resonance and a Q of
100 will produce a nasty 100 volts
across the capacitor or the inductor.
Some switching mode power supplies
make use of this resonant rise for a
transformer-free voltage increase.

The resonant voltage step up can
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easily become destructive if the input
signal getstoo hig.

Just as a pendulum swaps kinetic
for potential energy as it oscillates,
the inductor stored Li2/2 energy is at
amaximum on current peaks, and the
capacitor stored Cv2/2 energy is at a
maximum on voltage peaks. While
the energy appears to swap back and
forth between inductor and capacitor,
your total stored energy over any one
cycle remains constant.

One definition of Q is 2m times the
energy stored per cycle divided by
the energy dissipated per cycle. Thus,
if you do have a Q of 100, a one amp
input and a one ohm load, at series
resonance you will dissipate one watt
per cycle while you store around 15.9
watts per cycle.

Just where did the 15.9 watts come
from? The same place the stash in the
piggy bank came from. It got built up
earlier, aquarter at atime. During the
transient times when you first apply a
signal, input energy slowly will get
saved, building up the inductor’s and
capacitor’s energy storage.

Very large amounts of energy can
be stored in resonant circuits. In the
case of alarge color tv or computer
monitor, as much as 5 kilowatts of
resonant power are involved in the
horizontal sweep circuitry. In a very
efficient circuit which continuously
recycles resonant deflection currents.
More on this in the Hardware Hacker
[l reprints.

If you deliver an impulse to a high
Q resonant circuit, it will ring for a
rundown time as shown in figure one.
The higher your Q, the longer your
ringing time. One obvious use is for
electronic chimes and gongs.

More on rundown times appears in
my Active Filter Cookbook.

Although | have shown a single
resistor in our resonant circuit, you
really have a load resistor, a source
impedance resistor, and the resistive
losses in the inductor. All of these
have to be accounted for in the real
world. For a series resonant circuit to
operate, you must drive it from avery
low impedance source.

Y ou can also create the dual of this
RLC circuit by placing everything in
parallel, creating a parallel resonant
circuit. Any parallel resonant circuit
reaches a very high impedance at its
resonance and operates only when it

is driven from a very high impedance
current source. Instead of voltages
multiplying by Q, the reactive current
multiplies by Q instead.

More on resonance fundamentals
appears in most electrical engineering
texts. Such as Skilling’s Electrical
Engineering Circuits. And lots more
on working with and using resonant
circuits appears in my Active Filter
Cookbook.

PostScript to the rescue

At one time, drawing camera-ready
charts and graphs such as figure two
was a real hassle. First you had to
find some semi-log paper and then
trace it to the correct resolution. Then
you had to calculate all of the needed
points. Finally, you had to ink them
with splines or French curves, messy
pens, and similar drafting tools. Final
size and detail changes were a real
bear. Especially if you had to stretch
or shrink it in one direction only.

Even then, the editor might decide
it's not good enough and has to redo
the entire figure from scratch.

These days, instead, you simply
use that incredibly superb PostScript
language to draw the whole job for
you. Instantly and hassle free.

PostScript is one totally general
purpose and super friendly computer
language that is absolutely ideal for
many hardware hacking tasks. One of
PostScript’s utterly minor and almost
insignificant capabilitiesisto dirty up

otherwise clew 658.5 Tm 0 667v0769 then

PostScril4 creatientals

gsave clip newpath 0 setlinewidth 0 setgray

def

/cstretch 0.01 def /sstretch 0.03 def /yinc 1 def

/fontl /Helvetica 0.85 gonzofont

/font2 /Helvetica-Bold 0.85 gonzofont

/font3 /Helvetica 0.7 gonzofont

/font4 /Symbol 0.75 gonzofont

/font5 /Helvetica [0.7 0 0 0.7 0 -.2] gonzofont
/font6 /Helvetica [0 0.85 -0.85 0 0 0] gonzofont

3.2 (Q = 100) b+ 1 0.8 (Q = 200) b+

(-50) cr-.8 1.7 (-60) cr

snapl restore showpage quit

% Requires persistent download of GONZO15.PTL utility from GEnie PSRT.
guru save /snapl exch def 200 300 10 setgrid % 30 30 showgrid
linel 1 setlinecap 10 0 mt 26 u 0 0 mt 26 pu 20 pr 26 pd 20 pl gsave linel stroke grestore

1110 {log 10 mul 0 moveto 0 28 rlineto stroke} for 10 10 100 {log 10 mul 0 moveto 0 28 rlineto
stroke} for 0 2 28 {0 exch moveto 20 O rlineto stroke} for

/fnc {dup dup mul 1 sub exch div dup mul Q dup mul mul 1 add sqrt log 20 mul neg} def
Ivsf {2.5 div 26 add} def /hsf {log 10 mul 10 add} def /incperdec 200 def /startat 0.1 def

Iwholecurve{/Q exch def newpath /val startat def val dup fnc mt incperdec 2 mul 1 add {val fnc
val hsf exch vsf lineto /val val 10 1 incperdec div exp mul def} repeat 0.06 setlinewidth stroke}

[5 10 20 50 100 200] {wholecurve} forall grestore

/b+ {gsave newpath /msg exch def translate 40 rotate 1 setlinecap white 0.8 setlinewidth font3
0 .3 mt msg stringwidth pop 0 add r black 0 0.1 msg cl grestore} def

/b- {gsave newpath /msg exch def translate -40 rotate 1 setlinecap white 0.8 setlinewidth font3
0 .3 mt msg stringwidth pop -1 add | black 0 0.1 msg cr grestore} def /kern 0.1 def

fontl 10 28.3 (FREQUENCY) cc -3.3 8 (|6DECIBELS OF ATTENUATION) cl
[{line1 0 26 mt 0.5 u} 10 3] xrpt [{line1 02 mt 0.5 1} 4 7] yrpt

0 26.9 (0.|k1 f|50) cc 10 26.9 (f|50) cc 20 26.9 (1]k0 f|50) cc 1 13.6 (Q = 5) b+ 1 11.2 (Q = 10)
b+ 1 8.8 (Q = 20) b+ 19 13.6 (]4D|3f = 0.2) b- 19 11.2 (]4D|3f = 0.1) b- 19 8.8 (]4D|3f = 0.05) b-
19 5.6 (|4D|3f = 0.02) b- 19 3.2 (]4D|3f = 0.01) b- 19 0.8 (|4D|3f = 0.005) b- 1 5.6 (Q = 50) b+ 1

fontl -.8 25.7 (0) cr -.8 21.7 (-10) cr -.8 17.7 (-20) cr -.8 13.7 (-30) cr -.8 9.7 (-40) cr-.8 5.7

Fig. 3 — GURU GONZO POSTSCRIPT CODE used to create camera-ready
semilog artwork for figure two. Only your favorite word processor is needed!
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PostScript! To do so blindfolds you
and ties both of your feet together.
Many PostScript programs will not
run at all over a parallel port.

All you need to write PostScript
code is your favorite editor or word
processor.

| have just posted a PostScript for
Hardware Hackers tutorial as #511
NUTS9.PS to my GEnie PSRT.

Among the many hundreds of other
PostScript-as-language files, the full
Smith Chart drawing routines as file
#367 SMITHCHT.PS and my printed
circuits as #401 PRINCRCT.GPS. The
PostScript startup secrets tutorial now
appears as #335 SECRTEMP.GPS and
PostScript speedup secrets tutorial as
#460 SPEEDUP.PS. Unique PostScript
code to let you instantly draw all the
camera-ready figures in this column
appears as HACK59.GPS.

Finally, if you do not now have a
PostScript printer, I’ve posted the
GHOSTSCRIPT files to PSRT. These
let you run PostScript with just about
any printer. They also give you full
viewable display PostScript on any
monitor. The current PSRT banner
will show you the latest GhostScript
version numbers to use.

While figure two can easily be
done in "raw" PostScript, |I've made
my coding even faster and simpler by
opening a convenient and powerful
layout/illustration dictionary | use.

This file is #517 GONZO15.PTL and
gets persistently downloaded at the
start of your work session. One single
"guru” command opens up this set of
power tools for you.

Y ou can also write or call me for a
free new PostScript secret resources
mailer.

High side drivers

There’s anew game in town called
high side drivers that are becoming
super important. A high side driver is
asolid state relay placed between the
positive dc supply line and any loads
that you wish to control.

Automotive people like high side
drivers because only a single wire is
needed for each load with the chassis
forming the ground return. Laptop
and palmtop computer folks like high
side drivers because the inputs and
outputs of the controlling circuits are
not hurt by any floating grounds.

Many high side drivers are smart
enough to protect themselves against
shorts, overloads, and other faults.
What gets tricky fast about high side
drivers is that the preferred choice in
any electronic switch today is the N-
channel power MOSFET. To turn on
an N-channel MOSFET that’s been
connected to your positive supply
voltage, you'll need a gate control
signal well above that of the supply.

Before we see just how we can get

substrate

FE
source
Zero or low gate voltage lets

P substrate remain that way,
blocks source to drain current.

drain

gate substrate

source

Positive gate voltage builds up
electrons, forms a continuous
N-channel, and turns on.

Fig. 4 — THE N-CHANNEL POWER MOSFET is now the most popular and
most economical power switch in use today. Increasing the gate voltage
above its threshold value turns the device on.

acontrol signal that iswell above that
of the most positive supply line, let's
briefly review just what an N-channel
MOSFET is and how it works. Figure
four shows details.

Y ou start with a block of P-doped
silicon. Add a non-rectifying or an
ohmic terminal to it, known as the
substrate. Now you implant two N-
channel wells in the substrate. Ohmic
contact these and call them the source
on the bottom and the drain on top.
Now, build a capacitor by adding a
superthin dielectric and a conductor
between source and drain. Call this
lead the gate.

If the gate is at a zero or negative
potential with respect to the source,
there will be a zero drain to source
current, since the MOSFET looks like
a pair of back-to-back diodes. There
will also never be any steady state
gate current, since all your gate ever
doesis charge up or discharge a small
capacitor.

Let the gate get somewhat positive
with respect to the drain. Electrons
have to pile up on the substrate side
of the gate capacitor, so that area will
become less of a P-type material. Let
the gate voltage exceed a threshold
value, and the extra electrons on the
substrate side will actually change the
substrate into a continuous N channel
between source and drain. Y ou now
have three N regions tied together
into a solid block. These look like a
plain old resistor and allow current
between source and drain.

Below the threshold voltage, you'll
have an open circuit between source
and drain. Above threshold, you have
a small resistor between source and
drain. A grounded gate turns you off.
A gate above the threshold voltage
turns you on. The typical threshold is
around +4 volts or so, but to really
turn the device solidly on, a gate to
source voltage of +10 is preferred.

Unlike the NPN power transistors,
there are no saturation effects or P-N
junctions in your main current path.
There is also zero steady state gate
current needed. A turned on MOSFET
actsasaplain old low value resistor.

Your "on" resistance of a single
N-channel MOSFET isn’t really that
great. For instance, in the CMOS 4066
quad analog switch, the on resistance
is a high 16 ohms or so. To beat this,
power MOSFETS are really hundreds,
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or even thousands of tiny MOSFET
transistors all internally connected in
parallel.

There are lots of sources of power
MOSFET chips. Motorola, Siliconix,
Texas Instruments and International
Rectifier are typical. Because of their
quite low cost and high gain, these
have become the main power switch
of choice for many electronic uses.
Although there are also P-channel
MOSFETS, they do cost more and are
less efficient. And because of certain
fundamental device physics, they are
likely to remain so.

Since a turned on power MOSFET
isreally nothing but aresistor, it does
not matter which direction the main
current goes. If you do the obvious
and make the drain go positive with
respect to the source, you are said to
be in quadrant |. On the other hand,
if you make the drain negative with
respect to the source, you end up in
qguadrant I11. High side drivers work
in quadrant I. But most synchronous
rectifiers which use MOSFETS will
normally run in quadrant 111 to avoid
substrate diode conduction.

To use a N-channel MOSFET as a
high side driver, you just connect the
drain to the positive supply, and your
source to the load being controlled.
To turn the switch off, you leave the
gate at or below the positive supply
voltage. To turn the switch on, you
connect the gate to a value well above
that of your positive supply, typically
by +10 volts or so.

Where on earth do you get an extra
supply that is well above your main
supply voltage? Quite little average
current is needed since you are only
charging or discharging a small gate
capacitor. A number of new low cost
integrated circuits are now available
which use charge pumps and similar
circuit tricks to let you reliably apply
N-channel MOSFETS for high side
power switches. Typical examples do
include that International Rectifier
IR2125, the Maxim MAX620, and the
Linear Technology LTC1155.

The LTC1155 is a very interesting
chip. This gives you a self-protecting
pair of micropower dual high side
driversin asingle eight pin mini-DIP.
A dual high side circuit breaker is
shown you in figure five.

Here is how either half of this
circuit works: A built-in charge pump

continuously generates a reference
voltage above the postive supply.

Leaving IN1 low leaves your load
unpowered. Raising IN1 to a TTL
logic one (+2 volts or higher) turns
on your load. The load gets turned on
by supplying the boosted gate voltage
to the power MOSFET. With a five
volt supply, your boosted voltage is
around +12 total, or around +7 above
the supply. Higher boost voltages are
generated for higher value supplies.

The load power normally stays on
until IN1 dropsto alogical zero under
0.8 volts. There's also a protection
input known as DS1. If DS1 ever gets
more than one tenth of a volt below
the supply, it automatically shuts
things down. You can add a load
sensing resistor of one tenth of avolt
per amp to shut down on any
overcurrent as shown.

Some loads might have large but
expected inrush currents. This often
happens with incandescent lamps and
solenoids. A resistor and capacitor
time delay can be added to the current
sensing to allow inrush currents but
still react to overloads. This simulates
the operation of a slow blow fuse.
See the LTC1155 data sheet for more
details. Many other innovative circuit
examples are included.

Be certain that your inrush filter
capacitor goes to the positive supply
and not to ground!

A shap action gets involved on a
circuit overload. Once any overload
occurs, the input must be brought low
and then back high again to repower.
This can be done either manually or
automatically.

Switching times are fast but not
stunning. The turn-on time is around
half a millisecond. The usual turn-off
time is around 32 microseconds.

Note that any simple exclusive-OR
gate could get used for external fault
detection. If the on command is high
and your load is low, you have an
output short. If the on command is
low and the load is high, you have an
output open. If both are low, you
have a normal switch turn-off, and if
both are high, you'll have a normal
switch turn-on condition.

The standby current when off is a
mere 8 microamps, making this ideal
for battery saving applications.

L ots of additional details on analog
switches are in my CMOS Cookbook.

You'll be seeing lots more on high
side drivers as they are one of the
hottest of new electronic applications
areas. What unusual or off-the-wall
uses for these can you think of ?

+vce +vce
o)
—
0.020 Q
0.1 uF é for 5 Amp
trip limit
MY P
N-channel +vee 100K N-channel
power FET power FET
0. 0.0.06,
DS2 G2 VS IN2
LEFT 100K RIGHT
POWER DS';-EFG]’;L}?E POWER
LOAD LOAD
9.6.6.0
o
vce can range right rep rate
from +4.5 to +18. I L JLL sets reset time
left right
control control

Fig. 5 — A DUAL HIGH SIDE DRIVER. The left side is shown as a simple
power relay, while the right side includes "slow blow" current sensing and an
auto breaker reset. The boosted gate voltages are internally generated.
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SEMICONDUCTOR RESOURCES I

Gould AMI

2300 Buckskin Road
Pocatello, ID 83201
(800) 538-7736

Harris Semiconductor
2401 Palm Bay Road
Palm Bay, FL 32905
(305) 724-3739

Hewlett-Packard
PO Box 10301

Palo Alto, CA 94303
(415) 857-1501

Hitachi

2000 Sierra Point Pkwy
Brisbane, CA 94005
(415) 589-8300

Hughes Aircraft

500 Superior Ave M/S B1250
Newport Beach, CA 92658
(714) 759-2727

Hyundai

166 Baypointe Parkway
San Jose, CA 95134
(408) 473-9200

Intech

67 Alexander Drive

Research Triangle, NC 27709
(919) 549-8411

Integrated Circuit Systems
PO Box 968

Valley Forge, PA 19482
(215) 666-1900

Intel

1000 Business Center Dr
Mt. Prospect, IL 60056
(800) 548-4725

Internat’l Microcircuits
525 Los Coches Street
Milpitas, CA 95035
(408) 263-6300

Internat’l Micro Electronics
PO Box 170415

Arlington, TX 76003

(817) 561-2244

Lambda

121 International Blvd.
Corpus Christi, TX 78406
(512) 289-0403

Lattice Semiconductor
5555 NE Moore Court
Mt. Prospect, IL 60056
(800) FAST-GAL

Linear Technology
1630 McCarthy Blvd.
Milpitas, CA 95035
(408) 432-1900

LSl/CSI

1235 Walt Whitman Road
Melville, NY 11747

(516) 271-0400

LSl Logic

1551 McCarthy Blvd.
Milpitas, CA 95035
(408) 433-8000

Maxim Integrated Products
120 San Gabriel Drive
Sunnyvale, CA 94086

(408) 737-7600

Micrel Semiconductor
560 Oakmead Parkway
Sunnyvale, CA 94086
(408) 245-2500

Microchip Technology
2355 W. Chandler Blvd.
Chandler, AZ 85224
(602) 963-7373

Micro Linear

2092 Concourse Drive
San Jose, CA 95131
(408) 433-5200

Micron Technology
2805 East Columbia Road
Boise, ID 83706

(208) 386-3900

Micro Power Systems
3100 Alfred Street
Santa Clara, CA 95054
(408) 727-5350

Micro Switch

11 West Spring Street
Freeport, IL 61032
(815) 235-6600

Mitel

2321 Morena Blvd Ste M
San Diego, CA 92110
(619) 276-3421

Mitsubishi

1050 East Arques Avenue
Sunnyvale, CA 94086
(408) 730-5900

Motorola

PO Box 1466
Austin, TX 78767
(800) 521-6274

MX-Com

4800 Bethania Station Rd
Winston-Salem, NC 27105
(800) 638-5577

National Semiconductor
47 Ellis Street

Mountain View, CA 94043
(800) 632-3531

NCR Microelectronic
3718 North Rock Road
Wichita, KS 67226
(800) 325-SCsSi

NEC Electronics

PO Box 7241

Mountain View, CA 94039
(800) 632-3