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PC-board breakthrough
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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
clder ways of making printed-cir-
cuit boards. We might start off by
Boing over some...

Circuit-board fundamentals

Printed circuit boards first be-
came popular in the early 1950
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 1shows
some popular forms of printed-cir-
cuit boards.

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

epoxies. While phenoliCis t& 15 most ofter¥éth of an inch thitk,——

cheapest, it does chip and shatter
easily, and should be heated be-
fore punching or drillin%. 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 materfal 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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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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SINGLE SIDED

F1G. I—SEVERAL POPULAR TYPES of prinled-circuil boards. Note that a double-sided
plate-through board can be hacker-taked by using component leads, eyelels, 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 al the far end. You
could farm ou. 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
hoth 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
aliernative for your prototype
boards.

The next step beyond double-
layer boards are multi-layer
boards, where circuitry is placed
inside the subsirate, 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 iower 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-
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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 mosi 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, sitk screen,
and photographic.

In the direct method, an eich-
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 layou!l
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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gle-sided boards of fairly low toler-
ances. The process is exactly the
same as silk screening a T-shirtor a
greeting card. Oversize artwork Is
created, usually at a 2:1 or some-

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 circult tape and dots. Bishop Graphics is one source.

. 3 : A 2. Watch which side you tape Irom. Pin one of an integrated clrcuit is at the
times a 4:1 scale. A litho negative lower jeft when viewed from the top as shown in the data book. Pin one
gets shot from the artwork, which will be at the fower right when e1ched from the bottom board foil.
in turn creates a photo master for _
the screen. Hi gh- resolution 3. Nevaer cut your tape with an X-acto knlfel Instead, lay the knlfe dqwn flat
screens are used, often in a 20XX and puH the free end of the tape back against the blade. Alwa!rs firmly
density 4 mash the tape in place after routing. A teaspoon i3 ideal for this,

To print a board, etch-resistant 4. Never do your own photographyl A litho nagative costs only 33 at a |iffy
ink is placed on the screen, and a printer, ad agency, or lithographers. This 1s the only way to get the proper
squeegee is used to force the ink précision and density.
through the open portions of the 4. Naver cpat your own boards! Always use commaercially pracoated dry film

screen. The board is then etched

boards, such as those from Kepro.

to remove all copper that is not 5,
covered by the inked image.

The advantages of the silk-
screen method are that it is cheap,
fast, and relatively low tech. One
disadvaniage 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- 2
ability to do very fine lines or pre-
cisely aligned work,

Ulano is one major source of
silk-screen films. The screens
themseives are available from such

Always use dry film photoresist, rather than spray-on of liquid coated
KPR types. Othérwise, pinholas, dust, and unitormity will eat you alive.

6. |f you must coat your own board, incredible cleanliness s @ssential.
Thoroughyly scour the board with ultra fine stee! wool and a chioring
activated {Comel) cleanser at Ieast three limes, spending not less than
two minutes per squar8 inch ol board. Dry promptly and avoid all finger
prints. If possible, follow up with a chemical copper cleanér. Then etch for
a few seconds, rinse lour limes, dry, and use Immediatety.

Note that proparly cleaned coppér will allow an unbroken film of water to

flow ovar K, and that it will not be copper colored at all. Instead, it will be
a uniltorm hot pink.

8. Never print through the negalive basel Always have the photo emultsion
in direct contact with the dry film photoresist.

9. Never use a lerric chloride etchantl Always use ammonium persulfate.

Always etch at an elevated temperature, around 120 degress Farenheit.
A warmlng piate from a yard sale is ideal for this. Agitage the etchant with
| a gentle sioshing or bubbles from an aquarium pump.

HANDS-ON BOOKS 11, Never etch with your foll side upl. Support the board vertically, or else foif
Hardware Hacker Reprints 1 2450 side down at least 1/2 inch above the bottom of the etchant tray. A mirror
Ask The Guru Reprinis 1 or Il 24.50 under a giass elchant tray lats you view etching progress. Use only

CMOS Cookbook 18.50 i
N ¥ plastic or glass in contact with your etchant.

Aclive Fliter Cookb ook 15.54
Micro Cookbook val i or Il 16.50
Enhanting your Apple ) or Il 17.50
AppleWriter Cockbook 19.50
Apple Assembly Cookbock 21.50 |
Incredible Secret Money Mathine  10.50
Laserwrlter Reference (Apple) 19.50
PostScript Cookbook (Adobe) 16.50
PostScript Rel. Man. (Adobe) 22.50
PostScrip! Prog. Design (Adobe) 2250
Real World Postscript (Roth) 22.50

UNLOCKEO SOFTWARE

LaserWriter Corner (lie.Mac:PC)
PostScript Show & Tall

Intro to PostScript YHS Video
PustScripl Persptclive Draw
PosiScrip! Beginner Stut!
PosiScript Technical lHustrations
PosiScript work In Progress
PostScript 985 stut

Absolute Reset lle & llc
Applewriter/Laserwriter Utilities
Enhance | or | Companion Disk
Applawriier CB or Assy CO Disk

NEW FROM A
DON LANCASTER

FIG. 2—SOME REALLY DUMB MISTAKES are often made by hackers who do ihelr' own
printed-Circuit boards the “old way." Here is how to avoid the worst of the pitfail$ ol the
traditional methods. But this is all anciént history, because. ..

PRINTED CIRCUIT RESOURCES

Advance Process Supply DuPont Riston

400 Narth Netble Street 3945 Freedom Circle F4
Chicago, IL 60622 Sania Clara. CA 95054
(312) 829-1400 {408} 562-9300

Bishop Graphics Electronic Manutacturing
5210 Lewis Road 17730 W Peterson Road
Agoura Hills, CA 91376 Libertyville, IL 60048

{818) 991-2600 (312} 362-8711

Black Lightning Electronic Packaglng

RR 1-87 Depot Road 1350 E Touhy Avenue
Hartland, VT 05048 Des Plains, IL 60018

{802) 359-2790 {312) 635-8800

Circuits Manulacturing Kepro Circuit Systems
500 Howard Street 630 Axmiruster Drive

San Francisco, CA 94105 Fenton, MO 63026

{415} 3971881 {314) 343-1620

Datak Kodak

3117 Paterson Plank Road 343 State Street

North Bergen, NJ 07047 Rochester, NY 14650

(201} 863-7667

29.50
39.50
39.50
39.50
39.50
39.50
39.50
19.50
18.50
49.50
19.50
24.50

FREE VOICE HELPLINE VISAMC

SYNERGETICS
Box B0g9-RE
Thatcher, AZ B5552
(602) 428-40713
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sources as Dick Blick, Southern
Sign Supply, and Advance Screen.
Two trade journals that serve the 1

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

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

is much cleaner, faster, and easier
to use. Being a light blue solution,
ammonium persulfate also lets o
you view the board as it is being
etched. Etching best takes place at
an elevated temperature, typically !
120 degrees Fahrenheit. You could ""' | o
easily hit that temperature with a - ==
modified aguarium heater, 2 * -
warming plate from a yard sale, or i
any of the strip heaters found on Heat and pressure fuse the i
the surplus market. toner directly to a thoroughly
ey msjthatcomesiigleoniact cleaned printed circuit board. i
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 ' 4
etchant moving would be a simple :
manual sloshing or injecting air
from an aquarium pump. 3
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 1the board back on itself, lead-
ing to all sorts of nasty problems.

Instead, always support your
boards vertically in the etchant, or

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

FIG. 3—OURBRAND NEWDIRECT TONER TRANSFER method can dramatically simplity
and speed up making all ol your hacker printed-circuils al a cosl only ol pennies per
board. Here are the three key sleps in this breakthrough process.

else use surface tension to float

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

120 B Pine Holiow Road
Oyster Bay, NY 11771
(516) 922-6000

Rogers Corp

100 S. Roosevelt Avenua
Chandler, AZ 85226

(602) 961-1382

Screen Printing

407 Gilbert Avenue
Cincinatti, OH 45202
{513) 421-2050

Sign Cratt

t938 Hill Avenue

Fort Myers, FL 33306
{813) 939-4644
Southern Sign Supply
127 Roesler Road

Glen Bumie, MD 21061
(301) 768-8600
Stimpson

300 Sylvan Avenue
Bayport, NY 11705

(516) 472-2000

Surtace Mount Technology
17730 W. Peterson Road

www americanradiohistorvy com

Libertyvilie, IL. 60048
(312) 362-8711
Synergetics

Box 809

Thatcher, AZ 85552
{602) 428-4073

Thickol Dynachem
2631 Michelie 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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EXTRAORDINARY ‘NAMESAND NUMBERS
PC ADD-ONS ' Adobe PostScript JKL Components
1585 Charleston Road 13343 Paxton Street
vc; TAPE aﬁwbivsrem o s197 Mountain View, CA 94039 (Pacc;irna. CA 91331
B Aogath GIend] 415) 961-4400 800) 421-7244

ii"ﬁ‘: E'ﬁ:&’iau"“f'.al;}fi.‘»’ﬁ’ - EQII éleclronics Robert A Main & Sons
PC-OSCILLOSCOPE SYSTEM ........... $197 PO Box 567 585 Gotfle Rd, Box 159

Sk mrabea; o iaas B xpaition Van Nuys, CA 91408 WyckoH, NJ 07481

board. (Send $5.00 for demoa packarel {800) 826-5432 {201} 447-3700

EG&G Reticon Rochm Corporation
PC UPGRADES 345 Potrero Avenue 8 Whatney
Sunnyvaie, CA 94086 Irving, CA 92718
MOTHERBOARDS (408) 738-4266 (714) 855-0819
10MH1s XT Sothervoard 0K ram "398 Freedom of the Press SPIE
12811 AT Motherboard OK/ram . S48 9S00 Tech Park Drive #8 PO Box 10
XT HARD l&m:ﬂfns 2 Billerica, MA 01821 (Becl.gr;gehama, WA 98227
ST23R JOMB, RLL, controlier & cables . (800) 873-4367 206) 676-3290
P MRS - Go ScriptiLaserGo Synergetics
I:{.Onﬁ:ﬁ Card for XT/AT e 824 9235 Trade Place, Ste A Box 809
Serlal Card for XTIAT .oovcermecrsvnonrecranns $29 San Diego, CA 92126 Thatcher, AZ 85552
[ (619) 530-2400 {602} 428-4073
! Krey Kolor Winzelar Inc
14555 N. Hayden Road 7355 W. Wilson Avenue
O Scottsdale, AZ 85260 Chicago, IL 60656
T (800) 521-4997 {312) 867-7971
DR WRITE TO-
CHASE SCIENTIFIC COMPANY
PO, BOX 1895, APTOS. CA, 95001-1395
- PHONE ORDERS C.0.0. DNLY 1. Create a PostScript printed circuit artwork image on disk, using your
il e N favorite word processor and the sample routines of figure five and six,
e Tt o the full code found In my PostScript Show and Tell, or some suitable third
CIRCLE 147 ON FREE INFORMATION CARO party printed circuit layout package.
2. Run a poshive, reversed 1:1 proof on a PostScript speaking laser printer,
- — e such as an Appie { aserWniter INT. Many copy shops offer this service.
- \ Low cost PosiScript printers are available through Don Thompson.
Get A Complete Course In 3. Optional step: Take a polyester based, laser printable overhead
transparency material and lightly coat ona side with Afifier-Stephenson
E LECTRON Ic type MS-136 heated mold release agent. Mark the coated Slde.
4, PosiScript laser print a 1:1 positive reversed (black = f0il; right = 16ft) onto
ENG I NEE RI NG the coated slde of the polyester sheet. using a special thermal transfer
(T-shirt) toner from Black Lighining. Don Thompson, or Lazer Products.
Other graphit toners might also work: try them and soe.
ingu\;?l‘ugr%?hg;%pﬁg?d 6. Sr_marpen anc! smooth the Ieadi_ng adge of an oversize piece of 1/16th inch
physics. 29 examinations to help printed circuit material with a file and steel wool , so that It Can be sent
YOu gauge your personal pro- thraugh a fake Kroy Kolor machine without hurting the rollers. Use a 3/8
gress. A tuly great leaming to 1/2 inch leading slope.
experisnce 7. Thoroughly clean this oversize printed clrcult board, scouring it three

Prepare now ta take advan- times with fine steel wool and Comet cleanser, foltowed by a chamical
tage of the growing demand for cleanar, followed by a brief atch. The board must be a uniform hot plnk In
people able towork at the engin- color and must allow an unbrokén stream of water to flow smoothly over
earing level. it. Be sure to avoid any and all fingérprints.

Ask for cur brochure @iving 8. Tape the leading edge of the polyaster sheet foner side down to the
complote details of content. Use copper side of the printed circuit board, using a suitable high temperature
your free Intormation card num- tape. Make sure the potyester sheet lies flat.
ber, or write us directly. $99.95,

Postage Included.  Satisfaction 9. Run the board, image side up, through a preheated fake Kroy Kofor
guaranteed of money refunded machine adjusted to @ medium 1emperature. One source of these
machines Is Lazsr Products. See the November 88 Radio Efectronics or
my hardware Hacker i reprints for details on building your own machine.
5 10. Opticnal step: Chill the board suddenly in a freezar before lIfting the
g Bcnner polyester shaet. Aliow to warm to room temperature. then bake for fifteen
i 7 ;
= Technical saconds at 300 degrees F ina kutch.en oven.
é BOOkS, Inc. 11, Etchin the usual manner in ammonium persulfate etchant.
o 1203 Gront Ave FIG. &—THE STEP-BY-STEP “BASELINE” process for the new toner ransier PC method.
2 Rockford. IL 61103 J An ordinary iron can subsiituted for the Kroy Kolor machine. but the resuits may not be as
AN good. Let us know your experiences here.
CIRCLE 87 ON FREE INFORMATION CARD
72
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% Copyright @ 1988 by Don Lancaster & Synergetics, Box 809, Thatcher AZ, 85552,
% (602) 428-4073. All righls roserved. Parsonal. non-commercial use Permitied so kng
% aa this header rémaing both present and Intacl, Show & Tefl disk costs $39.50.

fquadpixel {transtorm 4 div round 4 mul itransform} def
/selgrid {save /rubbersnap exch dal /size exch del quadpixel exch quadpixal exch translale

stz dup scale } del

/drawlines {72 300 dlv Iw mul siza div sellinewidth hposs O dal #hlines gs div 1 add cvi
{hposs O moveta O #viines rlineto stroke Mposs hposs gs add def} repeat /vposs 0 del
aviinea g3 div 1 add ovl {0 vposs moveto #nlines 0 rlinelo stroke /vposs vposs Qs add

def} repeal] det

Mshowgrid{gsave /eviines exch def /#hlines exch def 106 45 {pop pop 0] seiscreen 0.9
setgray /gs 1 det w 1 del drawlines grastore} det

HX {30 72 mul 300 div seigrid} det

Arace20 {6 30 div setlinawidih] del Arace50 {16 30 div sallingvidth} del straces0 {24

30 div satlinewidth] dail
fam {newpalth movelo) def

Adraw {riinBto currentpolnt stiroke Movealo} del

e {dup tdraw} def

- {dup neg tdraw) del

fl- {neg dup tdraw} dal

fte {dup neg exch tdraw} def

Mhite {1 setgray] de!

fu {0 exch tdraw) del
{0 tdraw} det

/d {0 exch neg 10faw} del
A {neg 0 1draw} del

lack [0 setgray) def

fxrptigaave soad pop Arips exch del Adist exch del /iproe axch def lrips { gsave mproc

Qresiors dist O rensia'e } repeat gresiors} def

Hrpilgsave aload pop Arips exch del /disl exch del iproc exch def Inps [ gsave
rproc greators O dist transiate } repeal grestore} ded

Mmole {gseve 15¢ div /dia mxch cef newpath dia 2 div © 360 erc white fill grestore} dat
Acpadiy {save pInap exch del traceS0 2 copy gsave exch 0.2 sub #xch am 0.4 r grastors

20 hole psnap restore} def

fedgeconu {gsava lransiale 0.4 O moveto © -2 0.4 0 180 arcn 0 2 rlineto closepath filt

grestore) det

feedpad {save /IPSnap axch def newpath 2 copy black ©.25 0 360 arc Hill 18 hole clear

fpsnap restore } dal

/Ciecpad? {s@ve Apsnap exch dal newpiath 2 copy black 0.30 0 360 arc fil 22 hote clear

fpsnap resiore } del

dip8vigsave transiate ({0 G cpadtv) 1 4] yrpt [{3 0 cpadiv) 1 4] yrpt grastore} dal
/dip16v{gsave ransiate [{3 0 icpadiv} 1 8] yrpt [{3 0 icpadiv] 1 8] yipt Qrastore} dal

1 setlinejoin 1 sellinecap

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 processoras 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 afine 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 cenainly 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-
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THE ONLY SOURCE
YOU'LL EVER NEED!

SATISFACTION GUARANTEED

QUICK SHIPMENT
RELIABILITY » LOW COSY

FOR FREE CATALOG. CALL OR WRITE:

JAN CRYSTALS

PO. BOY 06017
FORT MYERS, FL 33506

813) 936-2397

@@

X “r—.

1965

TOLL-FREE: I-BDD-JAN-XTAL
(526-9825)
FAX ORDERS: 1-813-936-3750

CIRCLE 104 ON FREE {NFORMATION CARD

A New AOR

Scanner

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

AR950

Total Price. Fresdht Prepasd

{Expreay Shupping Optoasl)

209
108- 1 74 MHz, 406-512MHz
and 830-950MHx.

+ B 5can Banks and 5 Search Banks

+ 25 Day Satsfaction Guarantee

* No Frequencies Cut Qut.

-Size: IVH x BWW R TWD. Wi: 2. 100z

ACE

COMMUHICATIONS
10707 E. |o6th 52, Indpls., IN 46254
—— Tm{-ﬁfﬁ'fﬂ“?’”"
axterCard S
—] {COD shightly highet} .
In Indiana 317.849.2570 Collect  FAX (317 8496794

» Perfect lor base o1
mobile. Includes AC
and DC power cords.
mobile mount hardware
and 2 antennas

«Covers 27-54MHz,
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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 mi.

Wiilh 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. 1n 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.

Tradilionally, 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 mislake
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. | 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
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FIG. 6—A TYPICAL PC-TEST LAYOUT. Note how simple and short the code is. Omit the
showgrid command to drop oul the fine gray viewing grid. Be sure 1o preface this code

with the PostScript routines of Fig. 5.

uitra-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,
Llectronic 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 15 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.
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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 2:1artwork original.
Aways back, a new hacker product
known as Meadowlake did at-
tempt an iron-on toner systém.
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, il 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 cariridge, which translatesto 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 tocreate
initial artwork is by using a
Post5Script speaking laser printer
and my word processor. In fact, |
have a complete package that does
just 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 M5-136 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, | 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
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 showthe 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

Eleelronles iMINIZADS

SIMPLY SNAP THE WAT-50 MINJATURE FM
TRANSMITYER on top of a 9v battery and
hear every sound in an enfire house up to 1
mile away! Adjustabie from 70-130 MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50 S+ H. Free shipping on 2 or morel COD
add $4. Call or send vISA, MC. Q. DECO
INDUSTRIES, Box 607, Bedford Hiils, NY
10507. (914) 232-3878.

CIACLE 127 ON FREE INFORMATION CARD

‘——
CABLE TY CONVYERTERS AND DE-
SCRAMBLERS SB-3 $79.00 TRI-Bl $35.00
#LD-$85.00 M358 $89.00 JRX-DIC $129.00
Special combos available. We ship COD.
Cuaniity discounts. Call for pricing on other
products. Dealers wanied. FREE CATALOG
We stand behind our products where others

fail. One year warranty. ACE PRODUCTS,-

P.O. Box 582, Saco, ME 04072 (207)
987-0726.

CIRCLE 75 ON FREE INFORMATION CARD

|
Iz
|

- CALL NOW
AND

RESERVE
YOUR SPACE

| ®6 x rate $940.00 per each insertion.

¢ Fast reader service cycle.

¢ Shorl lead ime for the placement of
ads.

& Wea typeset and layout the ad at no
additional charge.

Call 516-293-3000 to reserve space. Ask
for Ariine Fishman. Limited number of
pages avallable. Mait materiais ¥0;
mini-ADS, RADIO-ELECTRONICS, 500-
B Bi-County Bivd., Farmingdale, NY
11735,

GET YOUR RECHARGE CATALOG
FREE...EARN BIG $$ IN YOUR SPARE
TIME—AIl supplies and Do-H-Yoursel! kils
wilh complele instructions available. Sup-
plies cost from $9.95 in gty and you can sell
recharged toner cartridges for $40.00 to
$55.00 each. Printers include HP LaserJet
and Sedies i, Apple LaserWriter, OmMS, etc.
Canon PC-25 Copier also. CHENESKO
FPRODUCTS, 62 N Coleman Rd., Cen-
tersach, NY 11720, 518-736-T74977.
800-221-3516, Fax: S16-732-4650

CIRCLE 153 ON FREE INFORMATION CARD

THE MODEL WTT-201S ONLY THE SIZE OF
A DIME, yet transmits both sides ol & tele-
phone conversation to any FM radio with
crysial clanty. Telephone hne powered - never
needs a battery! Up to ¥4 mile range. Adjusta-
blg from 70-130 MHZ. Complele kil $29.95
+%$1.50 S +H. Free Shipping on 2 or mom!
COD add $4. Call or send VISA, MC, MO.
DECO INDUSTRIES, Box 607, Bedtord
Hills. NY 10507, (914} 232-3878.

CIRCLE 127 ON FREE INFORMATION CARD

www americanradiohistorv com

6861 H39W3230

&


www.americanradiohistory.com

RADIQ-ELECTRONICS

-
-2

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

As | 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 Rehm. 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-
awre fluorescent lamps from JAt
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 I-R
detection. Get their list number 6.

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

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-volis p-p. Tap 13 is
intended for intermiticnt use where
“on” limes are less than 3 minutes
and the frequency well below 20 kHz.
Those times may be longer when op-
eraling at lower frequencies. Never
allow the transducers to get exces-
sively warm. That completes the rest-
ing and adjustment of the system.

Setup

The Phasor Property Guard is capa-
ble of operating in two modes. Mode
1 is at a frequency that is known lo
produce paranoia, nausea, disorienta-
tion, and many other physiological
effecis. Mode 2 allows using the sys-
tem as an audible alarm to frighien off
intruders or warn the user of an intru-
sion. Both modes may be used in
combination, and are casily 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 vollage
pulse from other equipment.

The position of the transducers

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 skeiches
(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 1BM, it does need a
PostScript speaking laser printer
{or a software emulator).

As always, this is your column
and you can gel lechnical help and
off-the-wall networking per the
Need Help? box. The best calling
times are weekdays 8-5, MST. R-E
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'ﬁG. 7—FREQUENCY RESPONSE of the
piezoelectric lransducers.

should be such that they direct their
encrgy 1o the points of intrusion or
access. They can be all directed 10 any
target area, or be individually placed
for multiple effect.

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

Ultrasonics

Ultrasonie is a gray area in many
respects when the application in-
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volves the conirol of animals or as an
intruder deterrent. {t is always best 1o
consult with local municipal and state
laws before using this device 1o 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 onc hour at 105 dB may lead to
hearing impairment. When properly
used, this device provides a limiled
liability deterrent. 1t should not cause
permanent damage or trauma.

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

Remember that the Property Guard
cannol stop a person with the same
effect as a gun, club, or more con-
ventional weapon. It will, however,
produce an exiremely 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 10 being more acoustically sen-
sitive. The range depends on many
variables, but is normally somewhere
betrween 10 and 100 feet. R.E
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