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HARDWARE 
HACKER 

PC -board breakthrough 

OUR STUPENDOUSLY MAJOR NEW 

breakthrough for this month is a 

brand new way of doing hacker 
printed- circuit boards that I'll call 
the direct toner method. Believe it 
or not, all you need is an iron and 
your favorite word processor. 

This new process is ridiculously 
faster, simpler, and cheaper than 
any of the old ways. Since it's so 
new, we sure could use your per- 
sonal help in further testing and 
debugging. 

But first, let's review some of the 
older ways of making printed -cir- 
cuit boards. We might start off by 
going over some... 

Circuit -board fundamentals 
Printed circuit boards first be- 

came popular in the early 1950's 
because of their overwhelming ad- 
vantages over point -to -point wir- 
ing. The PC wiring pattern was 
always the same, virtually eliminat- 
ing wiring errors. Stray inductance 
and capacitance were much lower 
and far more uniform. And the 
manufacturing could be totally au- 
tomated. Production times be- 
came much shorter, and labor 
costs dropped sharply. So did size 
and weight. 

A printed- circuit board often 
will consist of an insulating 
substrate that has one or more 
layers of conducting patterns 
placed on or in it. Figure 1 shows 
some popular forms of printed -cir- 
cuit boards. 

You will find three main sub- 
strate materials in use today. They 
include phenolic, FR -4 (or G -10) 
glass epoxy, and CEM -1 composite 

epoxies. While phenolic is the 
cheapest, it does chip and shatter 
easily, and should be heated be- 
fore punching or drilling. It is 
often used for single -sided layouts 
in toys, appliances, and any other 
high -volume applications. For us 
hackers, phenolic is nearly 
useless. 

Glass epoxy is pretty near the 
same stuff that a fiberglass boat is 
made of. It has great electrical and 
mechanical properties, and is 
nearly ideal for any double -sided 
and multilayer boards. Hacker dis- 
advantages are that glass epoxy 
costs more and dulls drills at an 
amazing rate. Carbide drills are 
just about mandatory for all but 
the shortest of production runs. 

The CEM -1 material has only a 

pair of fiberglass layers impreg- 
nated into an epoxy body. Because 
it's cheaper and easier to drill than 
glass epoxy, it's a good choice for 
hacker use. It also drills and 
punches well. Glass -epoxy boards 
are well suited for all but the most 
precise and exacting needs. They 
even come in a wide variety of col- 
ors. 

The simplest variation is a 

single -sided board. The substrate 
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is most often' /,bth of an inch thick, 
and has a single layer of copper foil 
laminated to one surface only. Two 
popular thicknesses of copper are 
used. One -ounce copper is 
around 0.00135 inches thick; two - 
ounce copper is double that, or 
around 0.00270 inches thick. 

Thus, one -ounce copper is a tad 
over one mil thick, and two -ounce 
copper is somewhat over two mils 
thick. Two -ounce copper is nor- 
mally reserved for higher- current 
uses or where extreme reliability is 
needed. 

On a traditional single -sided cir- 
cuit board, most of the compo- 
nents get mounted on the bare 
side of the board, giving us a 

component side and a foil side to 
work with. That allows a dip, a re- 
flow, or wave soldering of all the 
parts at once. The components 
tend to pull the foil toward the 
substrate, rather than trying to 
peel the foil from the board. 

Single -sided boards limit both 
your minimum size and how much 
you can connect where, unless 
you go to an unacceptable number 
of interconnecting jumpers. Be- 
cause of that, most modern boards 
are double -sided, and have foil on 
both surfaces. While the most 
common means of routing con- 
nections between the two board 
sides is with plated- through holes, 
hacker alternatives are eyelets, 
wire tabs, the component leads by 
themselves, or individual socket 
pins. Mill -Max is a leading source 
of low -cost socket pins, and 
Stimpson is a good eyelet source. 

A double -sided plate- through 
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go ing ove r some ...

Circuit-board fundamentals
Printed circuit boards first be
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because of the ir overw he lmi ng ad
vantages ove r poi nt-to-po int w ir
in g. Th e PC w i ring pattern w as
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A p ri nted -circuit board often
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substrate t hat has o ne o r more
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~ some popu lar forms of pr in ted-ciro cuit boa rds.
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single-side d board . The substrate are double-sided, and have fo il on

bot h surfaces . While the most
co m mon means of rou ti ng con
nections between the two board
sides is with plated-through holes,
hac ker alternat ives are eyelets,
w ire tabs, the component leads by
t hemselves, or indiv id ua l socket
p ins. Mill-Max is a leading source
of low -co st socket p i ns, and
Stimpson is a good eye let source.

A dou bl e-sided p late-throug h
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SINGLE SIDED 

DOUBLE SIDED, NO PLATE THRU 

DOUBLE SIDED, PLATE THRU HOLES 

MULTI -LAYER 

FLEXIBLE 

FIG. 1-SEVERAL POPULAR TYPES of printed -circuit boards. Note that a double -sided 
plate -through board can be hacker -faked by using component leads, eyelets, wire tabs, or 
low -cost individual pin sockets. 

setup is beyond what most 
hackers would care to attempt. 
The tanks and such alone can set 
you back the better part of 
$10,000.00. Nasty chemicals are in- 
volved that are hard to get in small 
quantities. Worse yet, it takes a 

long time and involves several 
dozen steps, all of which have to 
function perfectly to ever get any 
product out at the far end. You 
could farm out a lot of prototype 
boards at $30 to $60 before you 
could ever justify the investment. 

Fortunately, the latest of the 
surface -mount technology com- 
ponents tend to greatly minimize 
both the number of holes and the 
need for plate- through. So jum- 

pers, eyelets, or individual socket 
pins are not really all that bad an 
alternative for your prototype 
boards. 

The next step beyond double - 
layer boards are multi -layer 
boards, where circuitry is placed 
inside the substrate, as well as on 
both surfaces. Typically, there will 
be four layers. Your horizontal 
runs will dominate on the top sur- 
face, followed by a lower power - 
supply plane, a ground plane that 
is lower still, and the vertical runs 
that dominate the bottom surface. 

As you might guess, all four - 
layer boards are quite expensive 
and are extremely hard to modify, 
but they do offer superior shield- 

ing and extreme component den- 
sities. Multi -layer PC boards as 
dense as 24 layers have been built. 
Quite often, the multi -layer PC 
board will be the most expensive 
part of an electronic system. 

Flexible boards are also becom- 
ing popular. They are often thinner 
and use a Kapton substrate. Uses 
include mounting connectors, 
and for highly dense or unusual 
packaging. Rogers Corp is a lead- 
ing source of flexible PC -board 
supplies. 

Creating a printed- circuit 
There's a number of good ways 

to create a final printed- circuit 
board. In general, those methods 
that put new conductors on an in- 
sulating substrate are additive; 
those that remove unwanted con- 
ductors from unneeded areas are 
subtractive. Very often, both ad- 
ditive and subtractive techniques 
will be used in combination. 

Four of the traditional board - 
production techniques include 
direct, mechanical, silk screen, 
and photographic. 

In the direct method, an etch - 
resistant pattern is applied by 
hand to the printed- circuit stock. 
Most any paint, lacquer, instant 
transfer, or ink will work, as will 
the tape and dots intended for ini- 
tial layout work. So does a fin- 
gerprint or spilled root beer. 
Bishop Graphics is a leading sup- 
plier of PC tape and dots, and 
Datak is one source for instant - 
transfer products. There are also 
some rubber -stamping layout 
aides being offered. 

Actually, the direct method is 
more hassle than it is worth, and 
ends up just about totally useless. 
Some problems here are pattern 
alignment, preventing fin- 
gerprints, tape lifting, a lack of uni- 
formity, and too many defects. 

The mechanical methods phys- 
ically remove unwanted copper, 
usually by routing, special drills, 
or by milling. They're another con- 
cept that looks much better on pa- 
per than in the real world. Several 
specialized systems are usable for 
the mechanical PC layouts. Invar- 
iably, they are both laughingly and 
obscenely overpriced. 

The silk- screen PC method is 
quite simple and is widely used 
commercially, especially for sin- 
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FIG. 1-SEVERAL POPULAR TYPES of printed-circuit boards. Note that a double-sided
plate-through board can be hacker-faked by using component leads , eyelets, wire tabs, or
low-cost individual pin sockets.
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gle -sided boards of fairly low toler- 
ances. The process is exactly the 
same as silk screening a T-shirt or a 

greeting card. Oversize artwork is 
created, usually at a 2:1 or some- 
times a 4:1 scale. A litho negative 
gets shot from the artwork, which 
in turn creates a photo master for 
the screen. High- resolution 
screens are used, often in a 20XX 
density. 

To print a board, etch -resistant 
ink is placed on the screen, and a 

squeegee is used to force the ink 
through the open portions of the 
screen. The board is then etched 
to remove all copper that is not 
covered by the inked image. 

The advantages of the silk - 
screen method are that it is cheap, 
fast, and relatively low tech. One 
disadvantage is that the $30 setup 
charge per screen gets out of hand 
when you want only a single pro- 
totype board. A second is the in- 
ability to do very fine lines or pre- 
cisely aligned work. 

Ulano is one major source of 
silk- screen films. The screens 
themselves are available from such 
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1. Always do your layouts double sized (2X) on a blue gridded mylar sheet. 
available from any drafting supply house. Always work on a light box. Use 
only 'real' printed circuit tape and dots. Bishop Graphics is one source. 

2. Watch which side you tape from. Pin one of an integrated circuit is at the 
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10. Always etch at an elevated temperature, around 120 degrees Farenheit. 
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a gentle sloshing or bubbles from an aquarium pump. 

11. Never etch with your foil side up!. Support the board vertically. or else foil 
side down at least 1/2 inch above the bottom of the etchant tray. A mirror 
under a glass etchant tray lets you view etching progress. Use only 
plastic or glass in contact with your etchant. 
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1. Always do your layouts double sized (2X) on a blue gridded mylar sheet,
available from any draft ing supply house. Always work on a light box. Use
only "real" printed circuit tape and dots. Bishop Graphics is one source.

2. Watch which side you tape from. Pin one of an integrated circuit is at the
lower left when viewed from the top as shown in the data book. Pin one
will be at the lower right when etched from the bottom board foil.

3. Never cut your tape with an X-acto knife! Instead, lay the knife down flat
and pull the free end of the tape back against the blade. Always firmly
mash the tape in place after routing. A teaspoon is ideal for this.

4. Never do your own photography! A litho negative costs only $3 at a jiffy
printer, ad agency, or lithographers. This is the only way to get the proper
precision and density.

4. Never coat your own boards! Always use commercially precoated dry film
boards, such as those from Kepro.

5. Always use dry film photoresist, rather than spray-on or liquid coated
KPR types. Otherwise, pinholes, dust, and uniformity will eat you"alive.

6. If you must coat your own board, incredible cleanliness is essential.
Thoroughyly scour the board with ultra fine steel wool and a chlorine
activated (Comet) cleanser at least three times, spending not less than
two minutes per square inch of board. Dry promptly and avoid all finger
prints. If possible, follow up with a chemical copper cleaner. Then etch for
a few seconds, rinse four times, dry, and use immediately. .

7. Note that properly cleaned copper will allow an unbroken film of water to
flow over it, and that it will not be copper colored at all. Instead, it will be
a uniform hot pink.

8. Never print through the negative base! Always have the photo emulsion
in direct contact with the dry film photoresist.

9. Never use a ferric chloride etchant! Always use ammonium persulfate.

10. Always etch at an elevated temperature, around 120 degrees Farenheit.
A warming plate from a yard sale is ideal for this. Agitage the etchant with
a gentle sloshing or bubbles from an aquarium pump.

11 . Never etch with your foil side up!. Support the board vertically, or else foil
side down at least 1/2 inch above the bottom of the etchant tray. A mirror
under a glass etchant tray lets you view etching progress. Use only
plastic or glass in contact with your etchant.

FIG. 2-S0ME REALLY DUMB MISTAKES are often made by hackers who do their own
printed-circuit boards the "old way." Here is how to avoid the worst of the pitfalls of the
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Abso lute Reset lie & lie
AppleWr iter /Laserwriter Utilities
Enhance I or II Companion Disk
AppleWriter CB or Assy CB Disk

FREE VOICE HELPLINE

gle-sided boards of fa i r1y low toler
ances . The process is exactly the
same as silk scr ee n ing a T-shirt o r a
greet ing card . Oversize artwork is
created , usually at a 2: 1 or so me
t im es a 4 :1 scale. A lit ho ne gative
gets shot from the artw o rk, which
in turn creates a photo master for
th e sc r e e n. High-reso lution
screens are used, often in a 20XX
density.

To print a board, etch-resistant
ink is placed on the screen, and a
squeegee is used to force the in k
through the open portions of th e
screen. The board is then etched
to remove all copper that is not
covered by the inked image.

The advantages of the si lk 
screen method are that it is ch eap,
fast, and relatively low tech. One
disadvantage is that the $30 set up
charge per screen gets out of hand
when you w ant only a single pro
totype board. A second is the in
ability to do very fine lines or pre
cisely aligned work .

Ulano is one major so u rce of
silk-screen fi lms . The screens
themselves are available from such
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sources as Dick Blick, Southern 
Sign Supply, and Advance Screen. 
Two trade journals that serve the 
field are Screen Printing and 
Signcraft magazines. 

At one time, printed- circuit 
boards were etched using a ferric 
chloride solution. Today, ferric 
chloride is a very poor choice of 
etchant. A much better etchant 
choice is ammonium persulfate. It 
is much cleaner, faster, and easier 
to use. Being a light blue solution, 
ammonium persulfate also lets 
you view the board as it is being 
etched. Etching best takes place at 
an elevated temperature, typically 
120 degrees Fahrenheit. You could 
easily hit that temperature with a 
modified aquarium heater, a 
warming plate from a yard sale, or 
any of the strip heaters found on 
the surplus market. 

Everything that comes in contact 
with the etchant must be glass or 
plastic. PVC is often usable. Ide- 
ally, your etchant should be 
sprayed onto the vertically held 
boards. Other ways to keep the 
etchant moving would be a simple 
manual sloshing or injecting air 
from an aquarium pump. 

One really dumb mistake that 
most hackers make when etching 
their first PC boards is to place 
their board face up in the etchant 
solution. All that does is redeposit 
sediments and any crud removed 
from the board back on itself, lead- 
ing to all sorts of nasty problems. 

Instead, always support your 
boards vertically in the etchant, or 
else use surface tension to float 

r ti 

A thermal transfer toner image 
is PostScript laser printed onto 
a treated polyester sheet as a 

1:1 reversed positive. 

Heat and pressure fuse the 
toner directly to a thoroughly 
cleaned printed circuit board. 

11111111111.1 

The pc board then gets etched 
in ammonium persulfate in the 
usual manner. 

FIG. 3 -OUR BRAND NEW DIRECT TONER TRANSFER method can dramatically simplify 
and speed up making all of your hacker printed -circuits at a cost only of pennies per 
board. Here are the three key steps in this breakthrough process. 

Lazer Products 
12741 E. Caley Ave. #130 
Englewood, CO 80155 
(303) 792-5277 
Meadowlake 
25 Blanchard Drive 
Northport. NY 11768 
(516) 757 -3385 
Miller- Stephenson 
Box 950 
Danbury. CT 06813 
(203) 743-4447 
Mill -Max 
190 B Pine Hollow Road 
Oyster Bay, NY 11771 
(516) 922 -6000 
Rogers Corp 
100 S. Roosevelt Avenue 
Chandler, AZ 85226 

(602) 961 -1382 
Screen Printing 
407 Gilbert Avenue 
Cincinatti, OH 45202 
(513) 421 -2050 
Sign Craft 
1938 Hill Avenue 
Fort Myers. FL 33906 
(813) 939 -4644 
Southern Sign Supply 
127 Roesler Road 
Glen Burnie, MD 21061 
(301( 768 -8600 
Stimpson 
900 Sylvan Avenue 
Bayport. NY 11705 
(516) 472 -2000 
Surface Mount Technology 
17730 W. Peterson Road 

Libertyville, IL 60048 
(312) 362 -8711 
Synergetics 
Box 809 
Thatcher. AZ 85552 
(602) 428-4073 
Thiokol Dynachem 
2631 Michelle Drive 
Tustin, CA 92681 
(714) 730 -4200 
Thompson & Thompson 
23072 Lake Center #100 
El Toro, CA 92630 
(714) 855 -3838 
Ulano Corp 
255 Butler Street 
Brooklyn. NY 11217 
(718) 622 -5200 
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FIG.3-0UR BRAND NEW DIRECT TONER TRANSFER method can dra mat ically simp lify
and speed up mak ing all of your hacker printed-circuits at a cost only of pennies per
board. Here are the three key steps in th is breakt hrough process.

The pc board then gets etched
in ammonium persulfate in the
usual manner.
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Heat and pressure fuse the
toner directly to a thoroughly
cleaned printed circuit board.

A thermal transfer toner image
is PostScript laser printed onto
a treated polyester sheet as a
1:1 reversed positive.

n
sources as D ick Blick, Southern
Sign Supply, and Advance Screen .
Two trade journals that serve the
field are Screen Printing and
Signcraft magazines.

At one time , printed-circuit
boards were etched using a ferric
ch loride solution. Today, ferric
ch loride is a very poor choice of
etchant. A much better etchant
choice is ammonium persu lfate. It
is much cleaner, faster, and easier
to use. Being a light blue solution ,
ammonium persu lfate al so let s
you view the board as it is being
etched. Etch ing best takes p lace at
an elevated temperature, typica lly
120 degrees Fahrenheit. You co uld
easi ly hit that temperature with a
modified aquarium heater, a
warming plate from a yard sale , or
any of the st r ip heaters found on
the surp lus market.

Everything that comes in contact
with the etchant must be gla ss or
p lastic. PVC is often usable. Ide
ally, your etchant shou ld be .
sprayed onto the vertica ll y held
boards . Other ways to keep the
etchant moving wou ld be a simp le
manual sloshing or injecting air
from an aquarium pump.

One really dumb mistake that
most hackers make w hen etching
the ir first PC boards is to place
their board face up in the etchant
solution . A ll that does is redeposit
sed iments and any crud removed
from the board back on it sel f, lead
ing to all sorts of nasty problems.

Inst ead , always suppo rt your
boards vertica l ly in the etchant, or
e lse use surface tension to f loat
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Miller-Stephenson
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190 B Pine Hollow Road
Oyster Bay, NY 11771
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17730W. Peterson Road
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Thompson & Thompson
23072 Lake Center # 100
EIToro, CA 92630
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EXTRAORDINARY 
PC ADD -ONS 

VCR TAPE BACKUP SYSTEM $I9- 
Store user 300 3.1rgnb)tes on a single 
120min \115 tape using )our own VCR! 

I About 80 cento 40ntegab tes !! 1 

PC- OSCILLOSCOPE SYSTEM S19- 
Useful BW- 5M11:. 2 channab. Comm 
with probes, soft., manual, and expansion 
board. (Send $5.00 for demo package) 

PC UPGRADES 

MOTHERBOARDS 
8M11: \ I Motherboard 0K/ram SES 
Instil: \T Motherboard 0K/ram 895 
12,111: AT Motherboard 0K/ram 8245 

XT HARD DRIVE KITS 
51238ß 30M6, RLL, controller & cables ..8259 
STZSOK 40Mß. RI.L, controller & cables ...289 

I/O CARDS 
Parallel Port Card for XT /AT 824 
Serial Card for XT /AT 829 

FOR FREE CATALOG 
CALL 1- 800 - 866 -7899 

I U.S.A. only I 

OR WRITE TO: 

CHASE SCIENTIFIC COMPANY 
P.O. BOX 1895, APTOS, CA. 95001 -1895 

PHONE ORDERS C.O.D. ONLY 
- 30 DAY MONEY SACK GUARANTEE 

IIaM.%T.AT ARE REGISTERED TRADEMARKS 
aRERMATIONAI Sl;L!.FSS MACHINES 1N( 

CIRCLE 147 ON FREE INFORMATION CARD 

( 
Get A Complete Course In 

ELECTRONIC 
ENGINEERING 

8 volumes. over 2000 pages 
including all necessary math and 
physics. 29 examinations to help 
you gauge your personal pro- 
press. A truly great learning 
experience 

Prepare now to take advan- 
tage of the growing demand for 
people able to work at the engin- 
eering level 

Ask for our brochure giving 
complete details of content. Use 
your free information card num- 
ber. or write us directly S99.95, 
Postage Included Satisfaction 
guaranteed or money refunded 

Banner 
Technical 
Books, Inc. 
1203 Grant Ave. 
Rockford. IL 61103 

CIRCLE 67 ON FREE INFORMATION CARD 

NAMES AND NUMBERS 
Adobe PostScript 
1585 Charleston Road 
Mountain View, CA 94039 
(415) 961 -4400 
All Electronics 
PO Box 567 
Van Nuys. CA 91408 
(800) 826 -5432 
EG &G Reticon 
345 Potrero Avenue 
Sunnyvale. CA 94086 
(408) 738-4266 
Freedom of the Press 
900 Tech Park Drive #8 
Billerica, MA 01821 
(800) 873 -4367 
Go Script/LaserGo 
9235 Trade Place, Ste A 
San Diego, CA 92126 
(619) 530 -2400 
Kroy Kolor 
14555 N. Hayden Road 
Scottsdale. AZ 85260 
(800) 521 -4997 

JKL Components 
13343 Paxton Street 
Pacoima. CA 91331 
(800) 421 -7244 
Robert A Main & Sons 
555 Cottle Rd, Box 159 
Wyckoff. NJ 07481 
(201) 447 -3700 
Rohm Corporation 
8 Whatney 
Irvine, CA 92718 
(714) 855 -0819 
SPIE 
PO Box 10 

Bellingham, WA 98227 
(206) 676 -3290 
Synergetics 
Box 809 
Thatcher. AZ 85552 
(602) 428 -4073 
Winzeler Inc 
7355 W. Wilson Avenue 
Chicago. IL 60656 
(312) 867 -7971 

1. Create a PostScript printed circuit artwork image on disk, using your 
favorite word processor and the sample routines of figure five and six, 
the full code found in my PostScript Show and Tell, or some suitable third 
party printed circuit layout package. 

2. Run a positive, reversed 1:1 proof on a PostScript speaking laser printer, 
such as an Apple LaserWriter TINT. Many copy shops offer this service. 
Low cost PostScript printers are available through Don Thompson. 

3. Optional step: Take a polyester based, laser printable overhead 
transparency material and lightly coat one side with Miller -Stephenson 
type MS -136 heated mold release agent. Mark the coated side. 

4. PostScript laser print a 1:1 positive reversed (black - foil; right = left) onto 
the coated side of the polyester sheet, using a special thermal transfer 
(T- shirt) toner from Black Lightning, Don Thompson. or Lazer Products. 
Other graphic toners might also work: try them and see. 

6. Sharpen and smooth the leading edge of an oversize piece of 1/16th inch 
printed circuit material with a file and steel wool , so that it can be sent 
through a fake Kroy Kolor machine without hurting the rollers. Use a 318 
to 1/2 inch leading slope. 

7. Thoroughly clean this oversize printed circuit board, scouring it three 
times with fine steel wool and Comet cleanser, followed by a chemical 
cleaner. followed by a brief etch. The board must be a uniform hot pink in 
color and must allow an unbroken stream of water to flow smoothly over 
it. Be sure to avoid any and all fingerprints. 

8. Tape the leading edge of the polyester sheet toner side down to the 
copper side of the printed circuit board, using a suitable high temperature 
tape. Make sure the polyester sheet lies flat. 

9. Run the board, image side up, through a preheated fake Kroy Kolor 
machine adjusted to a medium temperature. One source of these 
machines is Lazer Products. See the November 88 Radio Electronics or 
my hardware Hacker II reprints for details on building your own machine. 

10. Optional step: Chill the board suddenly in a freezer before lifting the 
polyester sheet. Allow to warm to room temperature, then bake for fifteen 
seconds at 300 degrees F in a kitchen oven. 

11. Etch in the usual manner in ammonium persulfate etchant. 

FIG. 4 -THE STEP -BY -STEP "BASELINE" process for the new toner transfer PC method. 
An ordinary iron can substituted for the Kroy Kolor machine, but the results may not be as 
good. Let us know your experiences here. 

NAMES AND NUMBERS
JKL Components
13343 Paxton Street
Pacoima, CA 91331
(800) 421-7244
Robert A Main & Sons
555 Goffle Rd, Box 159
Wyckoff, NJ 07481
(201) 447-3700
Rohm Corporation
8 Whatney
Irvine. CA 92718
(714) 855-0819
SPIE
PO Box 10
Bellingham, WA 98227
(206) 676-3290
Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073
Winzeler Inc _
7355 W. Wilson Avenue
Chicago. IL 60656
(312) 867-7971

Adobe PostScript
1585 Charleston Road
Mountain View, CA 94039
(415) 961-4400
All Electronics
PO Box 567
Van Nuys, CA 91408
(800) 826-5432
EG&G Reticon
345 Potrero Avenue
Sunnyvale, CA 94086
(408) 738-4266
Freedom of the Press
900 Tech Park Drive #8
Billerica, MA 01821
(800) 873-4367
Go Script/LaserGo
9235 Trade Place, Ste A
San Diego, CA 92126
(619) 530·2400
Kroy Kolor _ __ _
14555 N. Hayden Road
Scottsdale, AZ 85260
(800) 521-4997

1. Create a PostScript printed circuit artwork image on disk, using your
favorite word processor and the sample routines of figure five and six,
the full code found in my PostScript Show and Tell, or some suitable third
party printed circuit layout package.

2. Run a positive, reversed 1:1 proof on a PostScript speaking laser printer,
such as an Apple LaserWriter liNT. Many copy shops offer this service.
Low cost PostScript printers are available through Don Thompson.

3. Optional step: Take a polyester based, laser printable overhead
transparency material and lightly coat one side with Miller-Stephenson
type MS-136 heated mold release agent. Mark the coated side.

4. PostScript laser print a 1:1 positive reversed (black = foil; right = left) onto
the coated side of the polyester sheet, using a special thermal transfer
(f-shlrt) toner from Black Lightning, Don Thompson, or Lazer Products.
Other graphic toners might also work; try them and see.

6. Sharpen and smooth the leading edge of an oversize piece of 1116th inch
printed circuit material with a file and steel wool, so that it can be sent
through a fake Kroy Kolar machine without hurting the rollers. Use a 3/8
to 1/2 inch leading slope.

7. Thoroughly clean this oversize printed circuit board, scouring it three
times with fine steel wool and Comet cleanser, followed by a chemical
cleaner, followed by a brief etch. The board must be a uniform hot pink in
color and must allow an unbroken stream of water to flow smoothly over
it. Be sure to avoid any and all fingerprints.

8. Tape the leading edge of the polyester sheet toner side down to the
copper side of the printed circuit board, using a suitable high temperature
tape. Make sure the polyester sheet lies flat.

9. Run the board, image side up, through a preheated fake Kroy Kolar
machine adjusted to a medium temperature. One source of these
machines is Lazer Products. See the November 88 Radio Electronics or
my hardware Hacker II reprints for details on building your own machine.

10. Optional step: Chill the board suddenly in a freezer before lifting the
polyester sheet. Allow to warm to room temperature, then bake for fifteen
seconds at 300 degrees F in a kitchen oven.

11. Etch in the usual manner in ammonium persulfate etchant.

FIG.4-THE STEP-BY-STEP"BASELINE" process for the new toner transfer PCmethod.
An ordinary iron can substituted for the Kroy Kolor machine, but the results may not be as
good. Let us know your experiences here.

8 volumes, over 2000 pages,
including all necessary math and
physics. 29 examinations to help
you gauge your personal pro
gress. A truly great learning
experience.

Prepare now to take advan
tage of the growing demand for
people able to work at the engin
eering level.

Ask for our brochure giving
complete details of content. Use
your free information card num
ber, or write us directly. $99.95,
Postage Included. Satisfaction
guaranteed or money refunded.

ELECTRONIC
ENGINEERING

CIRCLE 147 ON FREE INFORMATION CARD

(IBM,XT,AT ARE REGISTERED TRADEMARKS OF

INTERN ATIONAL BUSINESS MACHINES INC.)

OR WRITE TO:

CHASE SClENTIF1C COMPANY
P.O . BOX 1895. APTOS. CA. 95001-1895

- PHONEORDERS C.O.D. ONLY
- 30 DAY MONEY BACK GUARANTEE

Get A Complete Course In

FOR FREE CATALOG
CALL 1-800-866-7899

1/0 CARDS
Parallel Port Card for XTI AT $24
Serial Card for XTI AT $29

XT HARD DRIVE KITS
ST238R 30MB, RLL, controller & cables ••$259
ST250R 40MB, RLL. controller & cables ... 289

MOTHERBOARDS
8MHz XT Motherboard OK/ram $85
10MHz XT Motherboard OK/ram $95
12MHz AT Motherboard OK/ram $245

PC UPGRADES

EXTRAORDINARY
PC ADD-ONS

VCR TAPE BACKUP SYSTEM $197
Store over 300Megabytes on a single
120min VHS tape using your own VCR!
( About 80 cents/4Omegab)'tes !! )

PC-OSCILLOSCOPE SYSTEM $197
Useful BW=5MHz. 2 chaunals . Comes
with probes, soft ., manual, and expansion
board . (Send $5.00 for demo package)

( U.S.A . only)
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% Copyright c 1988 by Don Lancaster & Synergetics, Box 809. Thatcher AZ. 85552. 
% (602) 428.4073. All rights reserved. Personal, non-commercial use permitted so long 
% as this header remains both present and intact. Show d Tell disk costs $39.50. 

/quadpixel {transform 4 div round 4 mul itransform} del 

/setgrid (save /rubbersnap exch del /size exch def quadpixel exch quadpixel exch translate 
size dup scale ) del 

/ drawlines {72 300 div Iw mul size div setlinewidth / hposs 0 def /Mines gs div 1 add cvi 
(hposs 0 moveto 0 /Mines rlineto stroke / hposs hposs gs add del} repeat / vposs 0 def 
fvlines gs div 1 add cvi {0 vposs moveto /Mines 0 rlineto stroke / vposs vposs gs add 
del) repeat) def 

/showgrid{gsave /Mvlines exch def //Mines exch del 106 45 (pop pop 0) setscreen 0.9 
setgray /95 1 del /Iw 1 del drawlines grestore) def 

/IX (30 72 mul 300 div setgrid) def 

/trace20 {6 30 div setlinewidth} del /trace50 (16 30 div setlinewidth) del !trace80 (24 
30 div setlinewidth) del 

/am {newpath moveto} def 
/(draw (rlineto currentpoint stroke moveto) del 

/u {0 exch tdraw} del 
/r (0 tdraw} def 
/d (0 exch neg tdraw) del 
A {neg 0 tdraw} def 

/black (0 setgray) del 

/r. {dup tdraw} del 
Ir- (dup neg tdraw) del 
I- {nog dup !draw} del 
/I. (dup neg exch tdraw) del 

/white {1 setgray} def 

/xrpt {gsave atoad pop /trips exch del /dist exch del /rproc exch def trips { gsave rproc 
°restore dist 0 translate } repeat grestore} def 

/yrpt (gsave atoad pop /trips exch del /dist exch def /rproc exch del trips ( gsave 
rproc grestore 0 dist translate ) repeat grestore) def 

Thole {gsave 150 div /dia exch del newpath dia 2 div 0 360 arc white fill grestore} def 

/icpadt v (save / psnap exch def trace50 2 copy gsave exch 0.2 sub exch am 0.4 r grestore 
20 hole psnap restore) def 

/edgeconu {gsave translate 0.4 0 moveto 0 2 0.4 0 180 arcn 0 2 rlineto closepath fill 
grestore} def 

/feedpad (save /lpsnap exch def newpath 2 copy black 0.25 0 360 arc fill 18 hole clear 
1psnap restore ) del 

/circpad2 (save /lpsnap exch def newpath 2 copy black 0.30 0 360 arc fill 22 hole clear 
1psnap restore ) del 

/dip8v(gsave translate [(0 0 icpadt v) 1 4) yrpt [(3 0 icpadt v) 1 4) yrpt grestore) del 

/dipl6v {gsave translate 1 {0 0 icpadlv) 1 8) yrpt ) {3 0 icpadt v} 1 8) yrpt grestore) def 

t setlinejoin 1 setlinecap 

FIG. 5 -SOME SAMPLE POSTSCRIPT PC- LAYOUT routines that were excerpted from my 
PostScript Show & Tell disk. Just shove this listing into your favorite word processor as a 
prolog to your actual layout. 

the board upside down on the sur- 
face of the etchant. Another ploy is 
to add nylon spacers to your PC 
board so the foil faces down in 
your etching solution. Or else 
throw some nylon hex nuts in the 
etchant and sit the board upside 
down on the nuts. Once again, 
never etch a PC board face up! 

A second stupid mistake that 
lots of hackers make is failing to 
clean the boards properly. It is not 
possible to clean a circuit board at 
home without spending at least 
two minutes per square inch of 
board. Begin by using Comet or 
another chlorine- activated 
cleanser with a fine steel -wool pad 
or Scotchbrite pad. Rinse thor- 
oughly and wipe on an inner fresh 
turn of a new roll of paper towels. 
Repeat that at least three times, 
avoiding any and all fingerprints. 

Note that fairly clean copper will 

allow an unbroken stream of water 
to flow over it without any running 
or beading. Your key secret is that 
a genuinely and totally clean cop- 
per will not be copper -colored at 
all. Instead, it will be certainly a 

uniform hot pink. Commercial 
copper cleaners, such as CU3 from 
Kepro, are a great help, but are 
somewhat expensive. 

The ultimate final cleanliness 
step is to place the copper in am- 
monium persulfate and etch it for 
ten to fifteen seconds or so. Then 
thoroughly rinse three times and 
air dry immediately. If you get a 

uniform hot pink result, then your 
copper is clean enough for imme- 
diate use. 

The photographic methods get 
rather complicated, but they can 
be used for arbitrarily fine lines 
and for all of the precision you will 
ever need. In fact, the same tech- 

JAN CRYSTAL CATALOG NO rr - 1090 

nut M1 Wtr fOU,u ,a WWII CO o1{tMgW ariA 

THE ONLY SOURCE 
YOU'LL EVER NEED! 

SATISFACTION GUARANTEED 
QUICK SHIPMENT 

RELIABILITY LOW COST 
FOR FREE CATALOG. CALL OR WRITE 

JAN CRYSTALS 
P.O. BOX 06017 

FORT MYERS. FL 33906 

(813) 936.2397 

VISA 

SIN 
TOLL- FREE:1- 800 -JAN -XTAL 

(526 -9825) 
FAX ORDERS: 1.813.936.3750 

CIRCLE 104 ON FREE INFORMATION CARD 

A New AOR 
Scanner 

100 Channels Low, Air, 
High, UHF & 800MHz 

Perfect for base or 1íR950 
mobile. Includes AC 
and DC power cords. 

CC 

mobile mount hardware a %.00 
and 2 antennas (J 
Covers 27.54MHz. 
l08. 174MHz. 406.512MHz 
and 830- 950MHz 
5 Scan Banks and S Search Banks 
25 Day Satisfaction Guarantee 
No Frequencies Cut Out. 
Size: 3. Hx54''Wx7'/Ç D.Wt.:2Ib. 100: 

-ACE- 
COMMUNICATIONS 

10707 E. 1041k St. Iadpla., IN 48258 
Toll Free 800.445 -7717 

Visa and MasterCard 
(COD slightly higher) 'J 

In Indiana 317 849 2570 Collect FAX (317)849 8794 
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FIG. 5-S0ME SAMPLE POSTSCRIPT PC-LAYOUTroutines that were excerpted from my
PostScript Show & Tell disk . Just shove th is listi ng into your favorite word processor as a
prolog to your actual layout.
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COMMU NICATIONS
10707 E. 106th St. Indpls., IN 46256

..-I Toll Free 800-445-7717 [a:sJ

.. ;-3~Da~~g~~~t~[;::~ ~
In Indiana 317-849-2570 Collect FAX (317)849-8794

100Channels Low, Air,
High, UHF& 800MHz

A NewAOR
, Scanner

CIRCLE 104 ON FREE INFORMATION CARD

• Perfect for base or AR950
mobile. Includes AC Total Price , Freio ht Prep aid
and DC power cords, (Express Shipping Op tional)

mobile mount hardware $299.00
and 2 antennas.

• Covers 27-54MHz,
108-174MHz, 406-512MHz
and 830-950MHz.

• 5 Scan Banks and 5 Search Banks
• 25 Day Satisfaction Guarantee
• No Frequencies Cut Out.
•Size : 3W'H x 5'!s'W x 7'1a''D .Wt.: 2 lb. 10 oz.

THE ONLY SOURCE
YOU'LL EVER NEED!
SATISFACTION GUARANTEED

QUICK SHIPMENT
RELIABILITY • LOW COST

FOR FREE CATALOG. CALL OR WRITE:

•TOLL-FREE:1-800-JAN-XTAL
(526-9825)

FAX ORDERS: 1·813·936·3750

JAN CRYSTALS
P.O. BOX 06017

FORT MYERS, FL 33906
1--....:..(~rr3)9-3-6.23-97~-
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allow an unbroken stream of water
to flow over it without any runn ing
or beading. Your key secret is that
a genuinely and totally clean cop
per will not be copper-colored at
all . Instead, it w ill be certainly a
uniform hot pink. Commercial
copper cleaners, such as CU3 from
Kepro, are a great help, but are
somewhat expensive.

The ultimate final cleanliness
step is to place the copper in am
monium pe rsulfate and etch it for
ten to fifteen seconds or so . Then
thoroughly rinse three times and
air dry immediately. If you get a
un iform hot p ink result, then your
copper is clean enough for imme
diate use.

The photographic methods get
rather complicated, but they can
be used for arb itrarily fine lines
and for all of the precision you will
ever need. In fact, the same tech-

the board upside down on the sur
face of the etchant . Another ploy is
to add nylon spacers to your PC
board so the fo il faces down in
your etching so lution . Or else
throw some ny lo n hex nuts in the
etcha nt and sit the board upside
down on the nuts. Once agai n ,
never etch a PC board face up!

A second stupid mistake that
lots of hackers make is failing to
clean the boards properly. It is not
possible to clean a circuit board at
ho m e w ithout spending at least
two minutes per square inch of
board. Begin by using Comet or
another chlorine-activated
cleanser with a fine steel -wool pad
or Scotchbrite pad . Rinse thor
oughly and wipe on an inner fresh
turn of a new roll of paper towels.
Repeat that at least three times ,
avoiding any and all f ingerprints.

Note that fairly clean copper w ill

% Copyr ight c 1988 by Don Lancaster & Synergetics, Box 809, Thatcher AZ , 85552 .
% (602) 428-4073. All rights reserved. Personal , non-cornmerclal use permitted so long
% as this header remains both present and intact. Show & Tell disk costs $39 .50.

Iquadpixe l {transform 4 div round 4 mul itransform} def

Isetg rid {save Irubbersnap exch def Isize exch def quadpixel exch quadpixel exch trans late
size dup scale) def

Idrawlines {72 300 div Iw mul size div setlinewidth /hposs 0 def #hlines gs div 1 add cv i
{hposs 0 move to 0 #Vlines rlineto stroke Ihposs hposs gs add det} repeat Ivposs 0 def
#vlines gs div 1 add cvi {Ovposs moveto #hlines 0 rfineto stroke Ivposs vposs gs add
def} repeat} def

Ishowgrid{gsave I#vfines exch def I#hfines exch def 106 45 {pop pop O} setscreen 0.9
setgray Igs 1 def I lw 1 def drawl ines grestore} def

11 X {30 72 mul 300 div setgrid} def

Itrace20 {6 30 div setl inew idth) def Itrace50 {16 30 div setfinewidth} def Itrace80 {24
30 div setlinewidth} def

lam {newpath moveto} del
Itdraw {rlineto currentpoint stroke moveto} def

lu {O exch tdraw} det Ir+ {dup tdraw} def
Ir {Otdraw} det tt- {dup neg tdraw} def
Id {Oexch neg tdraw} def II- {neg dup tdraw} det
/I {neg 0 tdraw} det 11+ {dup neg exch tdraw} det

_ M a!:K {!LSjlJg.@y} def IWh ite_~.@}'}-"d",e.,-f _

Ixrpt{gsave aload pop Itrips exch def Idist exch def Irproc exch def trips { gsa ve rproc
grestore dist 0 trans late} repeat grestore} def

Iyrpt{gsave aload pop I trips exch def Idist exch def Irproc exch def trips { gsave
rproc grestore 0 dlst translate } repeat grestore} def

Ihole {gsave 150 div Idia exch def newpath dia 2 div 0 360 arc white fill grestore} det

/icpadl v {save Ipsnap exch def trac e50 2 copy gsave exch 0.2 sub exch am 0.4 r gresto re
20 hole psnap restore} def

le dgeconu {gsave translate 0.4 0 moveto 0 -2 0.4 0 180 arcn 0 2 rfineto closepath fill
grestore} def

Ifeedpad {save Itpsnap exch def newpath 2 copy black 0.25 0 360 arc fill 18 hole clear
tpsnap restore } def

Icircpad2 {save Ifpsnap exch def newpath 2 copy black 0.30 0 360 arc fill 22 hole clear
lps nap restore} def

Idip8v{gsave trans late [{O 0 icpadl v} 1 4Jyrpt [{3 0 icpadl v} 1 4] yrpt grestore} def

Idip16v{gsave translate HO0 lcpadtv] 18] yrpt [{3 0 icpadlv} 18] yrptgrestore} def

1 setlinejoin 1 setfinecap
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niques are used to manufacture in- 
tegrated circuits to a fraction of a 

micron accuracy. Note that there 
are 20 microns in a mil. 

With the photo processes, a 
light- sensitive etch resist is placed 
on the thoroughly cleaned board. 
The resist is first contact -printed 
from a photographic negative and 
then developed. In the most pop- 
ular negative- acting systems, 
those portions of the resist that re- 
ceive light harden and remain; 
those that did not will dissolve out. 
Etching is done in the usual man- 
ner. 

Traditionally, the spray -on pho- 
toresist was used, such as a KPR 
product from Kodak. These days, 
though, it is far simpler and far 
better to use a dry -film pho- 
toresist, such as the Riston mate- 
rials by DuPont, or any of the 
Laminar AX products from 
Thiokol. Those dry films develop 
in trisodium phosphate, the 
garage -floor cleaner found at your 
local hardware store. They are 
quite resistant to pinholes, elimi- 
nate dust and drying problems, 
have highly visible images, and are 
always at the right thickness. Once 
sensitized, the boards must be 
kept dry, cool, and in total 
darkness. They also have a one - 
year shelf life. 

The third most stupid mistake 
that hackers make is trying to use 
KPR instead of the new and infi- 
nitely better dry films. Mistake 
number four, of course, is trying to 
coat their own boards instead of 
using pre- coated ones. Excellent 
dry -film pre- coated boards are 
stocked by Kepro. 

The cost of the dry-film resist by 
itself is around a dollar per square 
foot. Unfortunately, a fancy lami- 
nator is needed to bond the resist 
to the board. I have a hunch that a 
Kroy Kolor machine or one of its 
imitators can be substituted here. 
The required temperature is 234 
degrees Fahrenheit. Let me know 
if you pick up any experience 
along those lines. 

Double -sided plate- through 
boards often use a combination of 
processes. Typically, you start with 
a double -sided board. The holes 
are first drilled, and then they are 
plated through by additive tech- 
niques. The holes get chemically 
activated, and then seeded with an 

% requires printed circuit sampler code of figure five 

100 100 1X 11 11 showgrid trace20 10 2 am 1 1 0.75 I- 4.5 1 0.75 1+ 

2 I 6 u 105 am 0.7511.51- 1.2510.51 -210.51 +0.75u 1.251 +74am 
0.751 0.5I- 0.75155.5 am 1 I+ 1.5 u 5 4.5 am 2 1+ 2 u 2 6.5 am 1.5 
u73am0 .5I- 2.751 0.751+0.5u0.751 +23.5am 1 1 10 9 am 0.751+ 
2.7510.51 -2.75d 1166.5 am 2.15d0.351- 1.15121 +1156.5 am 
1.5 u 7 2 dipl6v 2 3.5 dip8v { {1 10 edgeconu} 1 51 xrpt 3 2 circpad2 
3 1 circpad2 3 5.5 feedpad showpage quit 

FIG. 6-A TYPICAL PC- TEST LAYOUT. Note how simple and short the code is. Omit the 
showgrid command to drop out the fine gray viewing grid. Be sure to preface this code 
with the PostScript routines of Fig. 5. 

ultra -thin palladium plating. Elec- 
troless copper is then built up on 
the conductive palladium to a me- 
dium thickness, followed by a 
heavy copper plating up to the 
final wall thickness needed. The 
rest of the board is then processed 
through the usual double -sided 
photographic steps. Key hacker 
printed- circuit mistakes are sum- 
marized for you in Fig. 2. 

Printed- circuit resources 
I've gathered some of the major 

PC -board resources into our first 
sidebar, as we've done in previous 
columns for other topics. Most of 
the products we have mentioned 
are available directly through 
those sources. 

The best trade journal for 
printed circuits is Circuits Man- 
ufacturing. A few others are 
Electronic Packaging and Produc- 
tion, Surface Mount Technology, 
and their sister publication, 
Electronic Manufacturing. Be sure 
to let me know if there are other 
resources that you think should be 
added to the list. 

The direct -toner method 
There's a new process on the 

block for hacker printed- circuits 
which is ridiculously simpler, fast- 
er, and far cheaper than any of the 
above. All you really need is a word 
processor and an iron. This new 
scheme is known as the direct - 
toner method. And it is new and 
undeveloped enough so that you 
might play a major role in making 
it work and shaping its future. 

Very simply, copier or laser - 
printer toner is outstanding as an 
etch resist. Two decades ago, 
Xerox even had a product that di- 
rectly printed on your copper PC 
boards from a 2:1 artwork original. 
A ways back, a new hacker product 
known as Meadowlake did at- 
tempt an iron -on toner system. 
Early versions of the product 
didn't turn out reliable enough 
and lacked stability. 

But there is a brand new type of 
thermal- transfer toner now car- 
ried by several laser- printer supply 
houses. While the toner is intend- 
ed for making iron -on T-shirt im- 
ages, it transfers to copper 
beautifully and smudge -free, and 
is thus a key secret to the direct - 
toner process. Three sources of a 
thermal- transfer toner are Black 
Lightning, Lazer Products, and 
Don Thompson. Black Lightning 
does offer a free sample. Cost of 
the toner ranges from $90 to $180 
per cartridge, which translates to a 
dime per board. Several of the 
other new graphics toners should 
also work well. Your help is 
needed in pinning down which 
ones are acceptable and which are 
not. 

Figure 3 summarizes the key 
toner -transfer steps; that is fol- 
lowed by some detailed instruc- 
tions in Fig. 4. 

The best way I've found to create 
initial artwork is by using a 
PostScript speaking laser printer 
and my word processor. In fact, I 

have a complete package that does 
just that for Apple, Mac, and IBM 

% requi res printed circuit sampler code of figure five

100 100 1X 11 11 showgrid trace20 10 2 am 1 10.75 1- 4.5 I 0.75 1+
2 16 u 10 5 am 0.75 I 1.5 1- 1.25 10.5 1- 2 10.5 1+ 0.75 u 1.25 1+ 7 4 am
0.75 1 0.5 1- 0.75 15 5.5 am 1 1+ 1.5 u 5 4.5 am 2 1+ 2 u 2 6.5 am 1.5
u 73 am 0.5 1- 2.75 I 0.751+ 0.5 u 0.751+ 2 3.5 am 1 110 9 am 0.75 1+
2.75 10.51- 2.75 d 1 16 6.5 am 2.15 d 0.351-1 .1512 1+ 1 156.5 am
1.5 u 7 2 dip16v 2 3.5 dip8v [{1 10 edgeconu} 1 5) xrpt 3 2 circpad2
3 1 circpad2 35.5 feedpad showpage quit

FIG. 6-A TYPICAL PC-TEST LAYOUT. Note how simple and short the code is. Omit the
showgrid command to drop out the fine gray viewing grid. Be sure to preface this code
with the PostScript rout ines of Fig. 5.
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niquesare used to man ufacture in
tegrated cir cuits to a fraction of a
micron accuracy. Note that there
are 20 microns in a mil.

Wi th t he ph oto processes, a
li ght-sensiti ve etch resist is p laced
on the thoroughly cleaned boa rd.
The resist is fi rst co ntact-printed
from a ph otograph ic negat ive and
th en developed . In the mo st pop
ular n eg ati ve-a c tin g syste ms,
those portions of the resist th at re
ceive li ght hard en and rem ain;
those that did not will d issol ve out.
Etchin g is done in th e usual man
ner.

Traditional ly, the spray-o n ph o
to resist was used, such as a KPR
product from Kodak. These days,
though, it is far simpler and far
better t o u se a dry- film ph o
toresist, such as t he Riston mate
rials by DuPont, or any of t he
Lamin ar AX p ro d ucts f ro m
Thiokol. Those dry fi lms develop
in tri sodium ph o sph at e, t he
garage-f loor cleane r fo und at yo ur
local hardware sto re . They are
quite resistan t to pinhol es, elimi
nate dust and dry in g prob le ms ,
have highly visibl e images, and are
alwaysat the right thick ness. O nce
sensit ized , th e boards must be
kept dry, co o l, an d in total
darkness. They also have a one-
year shelf life. .

The third most stupid mi stake
that hack ers make is t ryi ng to use
KPR instead of th e new and infi
nitely bette r dry film s. Mi stake
number four, of course, is t rying to
coat th eir ow n boards in stead of
usin g pre-coated ones. Excell ent
dry-film pre-coat ed bo ard s are
stocked by Kepro.

The cost of th e dry-fil m resist by
itself is around a dolla r per square
foot. Unfortunately, a fancy lami
nator is needed to bon d the resist
to th e board . I have a hu nch t hat a
Kroy Kolor machine or one of it s
imitators can be substitute d here.
The required te mperature is 234
degrees Fahrenh eit. Let me know
if you p ick up any experie nce
along t hose lin es.

D ou bl e- sid ed p late -thro ugh
board s often use a comb inatio n of
processes. Typ icall y, yo u start with
a double-sided boa rd . The ho les
are first drilled , and then they are
plated through by additive tech
niques. The hol es get chemically
activat ed, and th en seede d with an

ultra-t hin pall adium plati ng . El ec
troless coppe r is t hen built up on
the conductive palladium to a me
d ium thi ckn ess, fo ll owed by a
heavy coppe r pl at in g up to the
final wall thickn ess needed. The
rest of the board is then processed
throug h t he usual doub le -sided
ph otographi c ste ps . Key hacker
printed-ci rcuit mis takes are sum
marized for yo u in Fig. 2.

Printed-circuit resources
I've gathe red some of the major

PC-board resources into our first
sidebar, as we 've don e in previou s
co lumns fo r oth er topics. M ost of
the products we have mentioned
ar e availabl e directly t h ro ug h
those sources .

Th e b e st trade jo u r na l f or
pri nte d ci rcui t s is Circuits Man
u fac turin g. A f ew ot hers are
Electronic Packaging and Produc
tio n, Surface Mount Techn ology,
an d t hei r sister publ icati on ,
Electronic Ma nufacturing . Be sure
to let me know if there are ot her
resources that yo u think sho uld be
added to th e list.

The direct-ton er metho d
There's a new process on t he

b lock for hacker p r inted-c i rc u its
w hich is rid icu lously simpler, fast
er, and far cheaper than any of the
above. All you really need isawo rd
processor and an iron. Thi s new
sche me is known as t he direct
to ne r method. And it is new and
undeveloped eno ugh so that yo u
mi ght play a major rol e in making
it wo rk and shap ing its future.

Ver y simp ly, co pier or laser
prin ter to ner is outstanding as an
etc h resi st. Tw o decades ago ,
Xerox even had a product that di
rectl y printed on your coppe r PC
boa rds f rom a 2:1 artw ork original.
A ways back , a new hacker product
known as Meadowlake did at 
te mpt an iron-o n tone r syste m .
Earl y ve rsio ns of the produ ct
d idn ' t t u rn out reli abl e enough
and lacked stabi lity.

But th ere is a brand new type of
th ermal -transfer toner now car
ried by severa l laser-pri nter supply
hou ses. Whil e the to ner is intend
ed fo r makin g iron-on T-shirt im
ages, it t ra ns fe rs to co p pe r
beautifully and smudge-free, and
is thus a key secret to the direct
to ner proc ess. Three sources of a
t he rma l-t ransfer to ner are Black
Ligh tning, Laz er Produ cts, and
Don Thompson. Black Lightning
does offer a f ree sample. Cost of
th e to ner ranges fro m $90 to $180
per cartridge, which translates to a
d im e per board. Several of the
ot her new graphics to ne rs sho uld
also wo rk we l l. Yo u r help i s
needed in pin nin g down w hich
ones are acceptable and w hich are
not.

Figure 3 summarizes t he key
toner-transfer ste ps; t hat is fo l
lowed by some detailed instruc
t io ns in Fig. 4.

The best way I've fo und to create
ini t i al artwork i s b y u sin g a
PostSc ript speaki ng laser p r inter
and my wo rd processor. In fact , I
have a complete package that does
ju st that for Apple, Mac , and IBM
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users. Note that the original image 
must be a 1:1 reversed positive. 
That means that left is where right 
belongs and black is where you 
want your foil to remain. Naturally, 
since your image is disk -based, it 
is easy to change, and super easy 
to build up from a library of suit- 
able Post -Script dictionary rou- 
tines. 

The image gets printed, again as 
a 1:1 reversed positive, onto a 

laser- printable Mylar or polyester 
overhead projection sheet. Just 
for luck, I'll previously apply a very 
thin coating of MS -136 Heated 
Mold Release Agent from Miller - 
Stephenson. That may or may not 
help, but it sure seems like a good 
idea, at least for now. It also may 
be a good idea to anneal or remelt 
the toner for a few seconds in an 
oven, after the image is trans- 
ferred. 

Too much reheating, of course, 
would lower the resolution. Al- 
though ten -mil lines on twenty -mil 
centers should be possible, I'd 
stick with double that as an initial 
lower limit. 

In theory, you could simply iron 
the toner directly onto a pre- 
viously super -cleaned PC board. 
Instead, I modify the board by 
sharpening its leading edge, and 
run it through one of the imitation 
Kroy Kolor machines we looked at 
in Radio -Electronics, November, 
1988. By the way, an improved and 
economical do- it- yourself version 
of that beast is in the works here at 
Radio -Electronics. 

The benefits of the new way are 
obvious. You go from artwork to 
PC prototype amazingly fast. No 
cameras, chemistry, screens, or 
fancy equipment is needed. With- 
out any fuss or bother. Just print 
and etch. And products such as 
GoScript and Freedom of the Press 
even let you fake PostScript on a 

dot -matrix printer, so "no printer" 
is no excuse. 

The technique could also revo- 
lutionize running hacker PC proj- 
ects. You show the PostScript code 
in the magazine and offer it down - 
loadable off your BBS. Now, every 
hacker can end up with a precisely 
accurate original, rather than a 

third -generation copy. 
Figure 5 shows some sample 

PostScript code from my PC layout 
stuff, while Fig. 6 shows a simple 

Radio 
Electronics Had= ° D)1 
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SIMPLY SNAP THE WAT -50 MINIATURE FM 
TRANSMITTER on top of a 9v battery and 
hear every sound in an entire house up to 1 

mile away' Adjustable from 70 -130 MHZ Use 
with any FM radio Complete kit $29.95 
$1.50 S H. Free shipping on 2 or more' COD 
add $4. Call or send VISA. MC, MO DECO 
INDUSTRIES, Box 607. Bedford Hills, NY 
10507. (914) 232-3878. 

CIRCLE 127 ON FREE INFORMATION CARD 

woo 
CABLE TV CONVERTERS AND DE- 
SCRAMBLERS SB -3 $79.00 TRI -BI $95.00 
MLD- $85.00 M35B $89.00 JRX -DIC $129.00 
Special combos available We ship COD. 
Quantity discounts. Call for pricing on other 
products. Dealers wanted. FREE CATALOG 
We stand behind our products where others 
fail One year warranty. ACE PRODUCTS, 
P.O. Box 582, Saco, ME 04072 (207) 
967 -0726. 

CIRCLE 75 ON FREE INFORMATION CARD 

CALL NOW 
AND 

RESERVE 
YOUR SPACE 

6 rate $940 00 per each insertion 
Fast reader service cycle 
Short lead time for the placement of 
ads. 
We typeset and layout the ad at no 
additional charge 

Call 516- 293 -3000 to reserve space. Ask 
for Arline Fishman. Limited number of 
pages available Mail materials to. 
mini -ADS. RADIO -ELECTRONICS. 500- 
B Bi- County Blvd.. Farmingdale. NY 
11735. 

GET YOUR RECHARGE CATALOG 
FREE...EARN BIG SS IN YOUR SPARE 
TIME -All supplies and Do -It- Yourself kits 
with complete instructions available Sup - 
plies cost from $9.95 in qty and you can sell 
recharged toner cartridges for $40.00 to 
$55.00 each. Printers include HP LaserJet 
and Series II, Apple LaserWriter. OMS, etc 
Canon PC -25 Copier also CHENESKO 
PRODUCTS, 62 N Coleman Rd., Cen- 
tereach, NY 11720, 516 -736 -7977, 
800 -221 -3516, Fax: 516- 7324650 

CIRCLE 153 ON FREE INFORMATION CARD 

THE MODEL WTT -20 IS ONLY THE SIZE OF 
A DIME, yet transmits both sides of a tele- 
phone conversation to any FM radio with 
crystal clarity Telephone line powered - never 
needs a battery' Up to ' . mile range Adjusta- 
ble from 70 -130 MHZ Complete kit $29.95 

51.50 S ' H Free Shipping on 2 or more' 
COO add $4. Call or send VISA. MC. MO. 
DECO INDUSTRIES. Box 607. Bedford 
Hills, NY 10507. (914) 232 -3878. 

CIRCLE 127 ON FREE INFORMATION CARD 
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THE MODEL WTT-20 IS ONLYTHE SIZE OF
A DIME, yet transmits both sides of a tele
phone conversation to any FM radio with
crystal clarity. Telephone line powered - never
needs a battery! Up to Y4 mile range. Adjusta
ble from 70-130 MHZ. Complete kit $29.95
+ $1.50 S + H. Free Shipping on 2 or more!
COD add $4. Call or send VISA, MC, MO.
DECO INDUSTRIES, Box 607, Bedford
Hills, NY 10507. (914) 232-3878.

CIRCLE 127 ON FREE INFORMATION CARD
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GET YOU'fj 'R'ECHARGE CATALOG
FREE...EARN BIG $$ IN YOUR SPARE
TIME-All supplies and Do-It-Yourself kits
with complete instructions available. Sup 
plies cost from $9.95 in qty and you can sell
recharged toner cartridges for $40.00 to
$55.00 each. Printers include HP LaserJet
and Series II, Apple LaserWriter, QMS, etc.
Canon PC-25 Copier also . CHENESKO
PRODUCTS, 62 N Coleman Rd., Cen
tereach, NY 11720, 516-736-7977,
800-221-3516, Fax: 516-732-4650

CIRCLE 153 ON FREE INFORMATION CARD

CABLE TV CONVERTERS AND DE
SCRAMBLERS SB-3 $79.00 TRI-BI $95.00
MLD-$85.00 M35B $89.00 JRX-DIC $129.00
Special combos available. We ship COD .
Quantity discounts. Call for pricing on other
products. Dealers wanted. FREE CATALOG.
We stand behind our products where others
fail. One year warranty. .ACE PRODUCTS,
P.O. Box 582, Saco, ME 04072 (207)
967-0726.

CIRCLE 75 ON FREE INFORMATION CARD

• 6 x rate $940.00 per each insertion.
• Fast reader service cycle.
• Short lead time for the placement of

ads.

• We typeset and layout the ad at no
additional charge .

CALL NOW
AND

RESERVE
YOUR SPACE

Call 516-293-3000 to reserve space. Ask
for Arline Fishman. Limited number of
pages available. Mail materials to:
mini-ADS, RADIO-ELECTRONICS, 500
B Bi-County Blvd ., Farmingdale, NY
11735.

CIRCLE 127 ON FREE INFORMATION CARD

SIMPLY SNAP THE WAT-50MINIATURE FM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away! Adjustable from 70-130 MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50S+ H. Free shipping on 20rmore! COD
add $4. Call or send VISA, MC, MO. DECO
INDUSTRIES, Box 607, Bedford Hills, NY
10507. (914) 232-3878 .
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IlellraDil1l OlfDDITUDD~L0~users. Note that the original image

must be a 1:1 reversed positive .
That means that left is where right
belongs and black is where you
want your foil to remain. Naturally,
since your image is disk-based, it
is easy to change, and super easy
to build up from a library of suit
able Post-Script dictionary rou
tines.

The image gets printed, again as
a 1:1 reversed positive, onto a
laser-printable Mylar or polyester
overhead projection sheet. Just
for luck, I'll previously apply a very
thin coating of MS-136 Heated
Mold Release Agent from Miller
Stephenson. That mayor may not
help, but it sure seems like a good
idea, at least for now. It also may
be a good idea to anneal or remelt
the toner for a few seconds in an
oven, after the image is trans
ferred.

Too much reheating, of course,
would lower the resolution. Al
though ten-mil lines on twenty-mil
centers should be possible, I'd
stick with double that as an initial
lower limit.

In theory, you could simply iron
the toner directly onto a pre
viously super-cleaned PC board.
Instead , I modify the board by
sharpening its leading edge, and
run it th rough one of the imitation
Kroy Kolor machines we looked at
in Radio-Electronics, November,
1988. By the way, an improved and
economical do-it-you rself version
of that beast is in the works here at
Radio-Electronics.

The benefits of the new way are
obvious. You go from artwork to
PC prototype amazingly fast. No
cameras, chemistry, screens, or
fancy equipment is needed. With
out any fuss or bother. Just print
and etch. And products such as
GoScriptand Freedom of the Press
even let you fake PostScript on a
dot-matrix printer, so " no printer"
is no excuse.

The technique could also revo
lutionize running hacker PC proj
ects. You show the PostScript code
in the magazine and offer it down
loadable off your BBS. Now, every
hacker can end up with a precisely
accurate original , rather than a
th i rd-generation copy.

Figure 5 shows some sample
PostScript code from my PC layout
stuff, while Fig. 6 shows a simple
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actual layout that you can use to 
test out your own version of the 
direct -toner board method. 

As I said before, this is a brand 
new technique that needs some 
further experimentation to per- 
fect. So, for our first contest this 
month, just tell me anything you 
find out on your own about mak- 
ing a direct -toner PC board. 
There'll be the usual dozen or so 
Incredible Secret Money Machine 
books for best entries, along with 
an all- expense -paid (FOB 
Thatcher, AZ) tinaja quest for the 
very best of all. Let's hear from you 
on this hot new topic. 

New tech literature 
The hacker buy of the month has 

to be the new $3.75 speech syn- 
thesizer available as stock number 
ICA from All Electronics. It even 
includes a load -power sensing de- 
tector. There is one very tiny 
gotcha, though -the main thing 
the synthesizer has to say is "Your 
ice cream is ready." Oh, well. 

The EG &G Reticon folks have 
three brand new data books out. 
They are their Image Sensing Prod- 
ucts, Solid State Cameras, and the 
Analog Signal Processing Inte- 
grated Circuits. The latter covers 
analog delay lines, switched -ca- 
pacitor filters, and some very 
useful ap- notes. 

The BU2911 is an interesting new 
melody chip from Rohm. It pro- 
vides a pair of folk songs and six 
different chime and siren sound 
effects. Uses? How about some 
clocks, doorbells, or alarms? Mini- 
ature fluorescent lamps from JKL 
are offered in various colors at very 
low prices; they also carry EPROM 
erasing lamps. 

The SPIE folks have great 
bunches of reprints involving 
nearly everything optical, and 
covering laser scanning, CD ROM, 
holography, fiber optics, and 1 -R 
detection. Get their list number 6. 

Turning to mechanical stuff, free 
molded -gear samples are obtaina- 
ble from Winzeler. And Robert A. 

Main has a unique catalog of 
Hooks, Points, and Teeth. A sharp 
outfit fer sure. Tellyawhat. Their 
catalog number twelve is so un- 
usual, that we'll make us a second 
contest out of it. Just come up with 
some off -the -wall use for any of 
the hooks, points, or teeth shown. 

If you want to explore our new 
direct -toner hacker PC process 
further, or want to draw your own 
first -quality electronic schematic 
diagrams, isometric drawings, or 
architectural perspective sketches 
(including all lettering!) using 
nothing but your favorite word 
processor, check into my 
PostScript Show and Tell, that has 
scads of working code and de- 
tailed examples in it. Available for 
Apple, Mac, or IBM, it does need a 

PostScript speaking laser printer 
(or a software emulator). 

As always, this is your column 
and you can get technical help and 
off -the -wall networking per the 
Need Help? box. The best calling 
times are weekdays 8-5, MST. R -E 

PROPERTY GUARD 

continued from page 40 

transducer is approximately 40 -volts 
p-p. Tap 6 may be used for frequencies 
below 20 kHz with "on" times no 
more than 20 minutes; voltage is ap- 
proximately 50 -volts p-p. Tap 13 is 
intended for intermittent use where 
"on" times are less than 3 minutes 
and the frequency well below 20 kHz. 
Those times may be longer when op- 
erating at lower frequencies. Never 
allow the transducers to get exces- 
sively warm. That completes the test- 
ing and adjustment of the system. 

Setup 
The Phasor Property Guard is capa- 

ble of operating in two modes. Mode 
I is at a frequency that is known to 
produce paranoia, nausea, disorienta- 
tion, and many other physiological 
effects. Mode 2 allows using the sys- 
tem as an audible alarm to frighten off 
intruders or warn the user of an intru- 
sion. Both modes may be used in 
combination, and are easily con- 
trolled by the user. Three separate 
jacks provide inputs for a broken trip 
wire or contact foil, a pressure or ac- 
tuating switch, and a positive voltage 
pulse from other equipment. 

The position of the transducers 
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FIG. 7- FREQUENCY RESPONSE of the 
piezoelectric transducers. 

should be such that they direct their 
energy to the points of intrusion or 
access. They can be all directed to any 
target area, or be individually placed 
for multiple effect. 

The transducers used in this system 
are piezoelectric and are many times 
more efficient than the electromag- 
netic -type speaker. Their frequency 
response is shown in Fig. 7. 

Ultrasonics 
Ultrasonic is a gray area in many 

respects when the application in- 

volves the control of animals or as an 
intruder deterrent. It is always best to 
consult with local municipal and state 
laws before using this device to pro- 
tect home or property. 

Do not operate at continuous high 
output at frequencies below 20 kHz. 
Daily sound pressure exposures in ex- 
cess of one hour at 105 dB may lead to 
hearing impairment. When properly 
used, this device provides a limited 
liability deterrent. It should not cause 
permanent damage or trauma. 

There have been numerous requests 
for information on the effect of these 
devices on people. First of all, an ul- 
trasonic device should not be used 
unnecessarily on humans, because of 
the possibility of acoustically sen- 
sitive people being highly irritated. 

Remember that the Property Guard 
cannot stop a person with the same 
effect as a gun, club, or more con- 
ventional weapon. It will, however. 
produce an extremely uncomfortable, 
irritating, and sometimes painful 
effect in most people. Although not 
everyone will experience the effect 
the same degree. Younger women are 
much more affected than older men. 
due to being more acoustically sen- 
sitive. The range depends on many 
variables, but is normally somewhere 
between 10 and 100 feet. R -E 

actual layout that you can use to
test out your own version of the
direct-toner board method.

As I said before, this is a brand
new techn ique that needs some
further exp-erimentation to per
fect. So , for ou r first contest this
mo nth, just te ll me anyth ing you
find out on your own about mak
in g a direct -toner PC board.
There' ll be the usual dozen or so
Incredible Secret Money Machine
books for best entries, along with
a n a l l-expense-pa id ( FO B
Thatche r, AZ) tinaja quest for the
very best of a ll. Let 's hear from you
o n this hot new topic.

New tech literature
The hacker bu y of the month has

to be the new $3.75 speech syn 
thes ize r ava ilable as stock number
leA from A ll Electronics. It even
includes a load-power se nsing de
t e ct o r. There is one very tiny
gotcha, though-the ma in t hing
the synt hesizer has to say is "Your
ice cream is ready." Oh, well.

PROPERTY CUARD

continued from page 40

transducer is approximately 40-volts
p-p. Tap 6 may be used for frequencies
below 20 kHz with "on" times no
more than 20 minutes; voltage is ap
proximately 50-volts p-p. Tap 13 is
intended for intermittent use where
"on" times are less than 3 minutes
and the frequency well below 20 kHz.
Those times may be longer when op
erating at lower frequencies. Never
allow the transducers to get exces
sively warm . That completes the test
ing and adjustment of the system.

Setup
The Phasor Property Guard is capa

ble of operating in two modes. Mode
I is at a frequency that is known to
produce paranoia, nausea, disorienta
tion, and many other physiological
effects. Mode 2 allows using the sys
tem as an audible alarm to frighten off
intruders or warn the user of an intru-

~ sion. Both modes may be used in
z comb ination, and are easily con
~ trolled by the user. Three separate
t3 jacks provide inputs for a broken trip
~ wire or contact foil, a pressure or ac
wo tuating switch, and a posit ive voltage
o pulse from other equipment.
«a: The position of the transducers
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The EC&C Reticon fo lks have
three brand new data books out.
They are their Image Sensing Prod
ucts, Solid State Cameras, and the
Ana log Signal Processing Inte
grated Circuits. The latter covers
analog delay lines, switched -ca
pac itor fi lters, and some very
useful ap -notes .

The BU2911 is an interesting new
melody chip from Rohm . It pro
vides a pair of fo lk songs and six
different chime and siren sound
effects. Uses? How about some
clocks, doorbells, or alarms? Min i
ature fluorescent lamps from jKL
are offe red in various colors at very
low p rices ; they also carry EPROM
erasing lamps .

Th e SPI E fo lks have g reat
bu nches of re p rin t s invo lvi n g
nearly everything optica l, a nd
covering laser scann ing, CD ROM,
holography, fiber optics, and I-R
detection . Get thei r list numbe r 6.

Turning to mechan ical st uff, free
molded-gear samples are obtaina
b le from Winzeler. And Robert A.
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FIG. 7-FREQUENCY RESPONSE of the
piezoelectric transducers.

should be such that they direct their
energy to the points of intrusion or
access . They can be all directed to any
target area, or be individ ually placed
for multiple effect.

The transducers used in this system
are piezoelectric and are many times
more efficient than the electromag
netic-type speaker. Their frequency
response is shown in Fig. 7.

Ultrasonics
Ultrasonic is agray area in many

respects when the application in-

Ma in has a un ique catalog of
Hooks, Points, and Teeth. A sharp
outf it fer sure. Tellyawhat. Their
catalog number twelve is so un
usual, that we'll make us a second
contest out of it. Just come up with
some off-the-wall use for any of
the hooks, po ints, or teeth shown .

If you want to explore our new
direct-toner hacker PC process
further, o r want to draw your own
first -quality electronic schematic
diagrams, isometric drawings, or
architectural perspective sketches
(includi ng all lettering!) using
nothing but your favorite word
processor, check into my
PostScript Show and Tell, that has
scads of working code and de
ta iled examples in it. Available for
Apple, Mac, or IBM, it does need a
PosrScript speaking laser printer
(or a software emulator).

As always, this is your column
and you can get technical help and
off -the-wal l networking per the
Need Help? box. The best calling
times are weekdays 8-5, MST. R-E

volves the control of animals or as an
intruder deterrent. It is always best to
consult with local municipal and state
laws before using this device to pro
tect home or property.

Do not operate at continuous high
output at frequencies below 20 kHz.
Daily sound pressure exposures in ex
cess of one hour at 105dB may lead to
hearing impairment. When properly
used, this device provides a limited
liability deterrent. It should not cause
permanent damage or trauma .

There have been numerous requests
for information on the effect of these
devices on people . First of all, an ul
trasonic device should not be used
unnecessarily on humans, because of
the possibility of acoustically sen 
sitive people being highly irritated.

Remember that the Property Guard
cannot stop a person with the same
effect as a gun , club , or more con
ventional weapon . It will, however,
produce an extremely uncomfortable,
irritating , and sometimes painful
effect in most people . Although not
everyone will experience the effect
the same degree . Younger women are
much more affected than older men,
due to being more acoustically sen
sitive. The range depends on many
variables, but is normally somewhere
between 10 and 100 feet. R-E
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