Applications

Making Printed-Circuit Boards
The Old-Fashioned Way

Using photographic techniques without a camera or darkroom
can provide repeatable professional results at low cost

By Anthony J. Caristi

any readers fabricate cir-

cuits on printed-circuit

boards for their personal
construction projects, often using
etching-and-drilling guides such as
ones printed in Modern Electronics.
There are a variety of ways to create
such circuits, including dry transfer,
resist tape, photographic, and so on.
Each method has its advantages and
disadvantages.

The photographic method, which
is the subject of this article, is often
desirable to achieve professional-
quality results when the circuit is
more complex than a very simple one
or when more than one identical board
has to be produced. The term, ‘‘pho-
tographic,’’ is really a misnomer here
since a photolab with camera equip-
ment and a darkroom is not required.
Instead, it simply means that light-
sensitive material is used that must
not be exposed to bright light, a nega-
tive of sorts is produced, and the cir-
cuit board is developed in a solution.

Following the techniques to be de-
scribed, you will soon be making
pc boards that can be virtually indis-
tinguishable from professionally-
made boards.

The Artwork Materials

In printed-circuit work, the master
layout of the desired copper-trace
pattern that is to remain on the board
after it has been etched is known as the
““artwork.”’ The artwork is laid out

on translucent or transparent film,
usually Mylar in composition. The
pattern for the copper traces is laid
down on this film using self-adhering
tapes, ‘‘donuts,”’ IC and transistor
pads, and other specialized patterns.

Basicto the artwork materials line-
up are donut pads and tapes. These
are available in a number of colors
and “‘scales’’ to suit different layout
needs. Black is the color most popu-
larly used, though red and blue and
sometimes other colors are used on
artwork for very complex, multiple-
layer boards.

Typical of the scales available are
x 1, which is actual finished size;
x 2, which is twice actual size; and
X 4, which is four times actual size.
Larger-than-actual-size and colors
other than black artwork materials
are usually used where pc patterns
are extremely complex and usual-
ly call for two or more layers of
copper patterns on a single circuit-
board assembly.

For our purposes, we’ll concen-
trate on the use of actual-size art-
work composed with commonly avail-
able black materials since we want to
avoid the need for an expensive pho-
tography lab or the additional cost of
having the artwork generated photo-
graphically sized as needed by an out-
side source.

The materials you’ll be using are
sold through some electronics supply
houses and graphics art supply stores
under several brand names. Kits of
pc materials and individual items are
made by DATAK, Bishop Graphics,
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Kepro, GC Electronics and Vector
Electronic, among others.

The artwork materials with which
you’ll be working are simple. These
include 10-box-per-inch grid paper
or film; transparent or translucent
Mylar drafting film; an assortment
of donut sizes and tape widths; and
DIP IC pad patterns. The only
““tools”” you need are a hobby knife
with spare blades or single-edge utili-
ty razor blades and a roll of mask-
ing tape.

Based on the types of circuits you
generally make into projects, choose
an assortment of different tape
widths and donut diameters. Typi-
cally, tape widths of 0.020, 0.040,
0.080, 0.100 and 0.125 inch will be
sufficient for any but high-power cir-
cuit pc layouts. If your projects are
exclusively low-power digital de-
signs, all you may ever need are the
first two tape widths and perhaps the
0.100-inch width for heavy power
bus and ground runs. For most work,
donuts in diameters of 0.080, 0.100
and 0.125 inch will suffice and per-
haps 0.050 inch for the feed-through
holes required on double-sided board
artwork designs.

Though there are available a varie-
ty of different DIP IC pad patterns
that have anywhere from 14 to 48
pads in two rows that are 0.30 or 0.60
inch apart, you really don’t need
every one of these. Actually, if you
make a large number of IC-intensive
pc guides throughout a year, the best
and most economical IC-pad art-
work configuration to use has long
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strips of single-row pads that can be
cut to length as needed and be indi-
vidually placed on the Mylar film.
These strips are available in a number
of pad configurations. If you antici-
pate a lot of work in which conduc-
tors will have to pass between pads,
use the configuration that has nar-
row pads that will permit this.

When laying out the actual master
artwork, it’sa goodideato set the IC-
pads, donuts, edge connectors, etc.,
in place first. Burnish them solidly
down. Then make the tape runs that
interconnect the various pads and
patterns. Don’t stretch the tape as
you place it down on the film; if you
do, it will lift or ‘“‘creep’ toward
other tapes or pads in time, creating
unwanted short circuits in the art-
work. Also, though the tapes are
flexible, avoid making sharp turns.

Layout of the master artwork be-
gins with taping a sheet of the trans-
parent or translucent film onto grid
paper. If you’re copying directly
from a printed etching-and-drilling
guide like those provided for many of
the projects in Modern Electronics,
tape the film over the published art-
work—not a photocopy of it, which
may introduce size distortion—and
work directly from that. Size the film
as needed for the pc layout, leaving
an inch or so extra all around.

To generate a pc artwork ‘‘mas-
ter’” for an original circuit design, the
first step is to make a rough layout of
the pc pattern that will be used. The
simplest way to go about this is to
tape a sheet of tracing paper over the
circuit and another over a sheet of
grid paper; the latter can have any
number of boxes per inch, though 10
boxes per inch will make it more con-
venient to directly copy the rough.

Draw whatever DIP integrated-
circuit pads are needed on the tracing
paper laid over the grid paper. Then
make each connecting line in turn,
drawing in the pads for the discrete
components as you go along. Draw
each connecting wire run also on
the tracing paper laid over the sche-
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Fig. 1. A typical artwork pattern

composed on drafting film using DIP

IC pads, donuts and three widths of

tape. This view is of the copper side
of the board.

matic to keep track of what you’ve
already done and what still remains
to be done.

As you come to the end of each
tape run, place the edge of the hobby
knife’s blade or the razor blade
against the terminal point of the tape
and snap the tape sharply to make a
clean edge. Do not use a sawing or
slicing action that may cut through
the donut or pad at the terminating
point. Firmly burnish each tape run
to solidly fix it in place on the Mylar
film as it is being made. A typical ex-
ample of a printed-circuit master art-
work is shown in Fig. 1.

When making the master artwork
for a double-sided board, compose
the solder side view first. Flip over
the composed artwork and tape to it
asecond sheet of Mylar and compose
the component side view, using the
first artwork master as a guide to as-
sure perfect registration (see Fig. 2).
If you find the tape runs and patterns
on the bottom artwork to be confus-
ing, slide a sheet of tracing paper be-
tween the two sheets of Mylar. You’ll
still be able to clearly see the bottom
pattern, but it won’t be nearly so ob-
trusive as you work on the top pattern.

When both original master art-
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work patterns have been composed,
label the first ‘‘solder side’’ and the
second ‘‘component side.”” Also
place labels on each to identify the
projects for which they were com-
posed. Figure 3 illustrates the art-
work masters for a simple double-
sided pc board.

Your artwork ‘‘masters’’ aren’t
meant to be used directly. They’re
simply the ‘“positives’” from which
‘“‘negative’> exposure masks are
made. The latter are what are actual-
ly used to expose the copper-clad
blanks that will become the printed-
circuit boards for your projects.

Whenever you finish making an
original piece of master artwork,
carefully check it against the pub-
lished artwork or the rough artwork
from which it was made. Immediate-
ly correct any errors that were made
during composition.

Making the Exposure Mask

It’s almost a maxim nowadays that
you’ll be using ‘‘B neg’’ resist for
printed-circuit work. With this type
of resist, exposure to ultraviolet light
hardens the exposed areas. Recall
that your master artwork ‘‘positive’’
has black patterns on a clear or trans-
lucent background. If this were to be
used as is to expose a presensitized pc
blank, the UV light would harden the
resist over the areas from which you
wish copper to be removed. Conse-
quently, you need a negative of the
master artwork.

We’ll discuss use of readily avail-
able materials from 3M to generate a
negative from the positive master art-
work to obtain clear lines and pat-
terns on an orange backgroundthat’s
opaque to UV energy. (Other ‘‘re-
versing’’ films are available as well
from suppliers of professional pc
materials. These might have black,
dark brown or other base color. The
following procedure will work equal-
ly well with reversing films other than
those from 3M.)

Materials required for the photo-
reversal operation, are 3M’s No.
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77-9802-9269 transparent negative
color proofing film and No. 77-9800-
7992-3 color proofing film developer.
These materials are available from
many photo graphics supply outlets
and from the source given in the box
at the end of this article.

In addition to the film and devel-
oper, you need some kind of contact
print frame or box, such as those
used by photographic hobbyists.
Best are commercial models, of
course, but you can easily use a sheet
of glass and a perfectly flat piece of
plywood. The “‘contact box’’ will be
used to expose the photographic film
to a source of ultraviolet light, using
the original master artwork as the
“‘positive’’ from which your ‘‘nega-
tive’’ exposure mask will be made.

Your source of ultraviolet energy
can be the sun itself, assuming you
can depend on bright sunny days,
with the sun’s rays directly striking
your exposure setup. If you don’t
want to have to depend on the whims
of nature for exposing your negatives
and presensitized pc blanks, consider
investing in a commercial UV light.

Preliminary to setting up the expo-
sure arrangement, determine which
side of the reversing film has the
emulsion (coating) on it. This can be
done by any of several methods. One
is to visually inspect both sides of the
film to identify the dull or emulsion
side. This must be done in subdued
lighting or under safe lighting condi-
tions. It also may prove to be a bit
difficult because there is very little
difference in reflectivity between the
two sides.

Another way to determine which
side is which is to try to write on both
sides near the edge of the film with a
soft lead pencil. The side to which the
lead more readily takes is the emul-
sion side.

To make absolutely certain that
you’ve properly identified the two
sides of the film, there is another,
better, test you can make. That is to
gently scrape one surface near the
edge of the film with a sharp hobby
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Fig. 2. Drawing illustrates orientations of the solder-side (bottom) and compo-
nent-side (top) artwork masters during composition.

knife or razor blade. If after a couple
of strokes the clear plastic of the base
doesn’t show through, flip over the
film and scrape the second side. This
time, when the clear film shows
through, you know that you’re scrap-
ing on the emulsion side.

When you’re absolutely certain
that you’ve identified the film’s two
sides, place a small self-stick label on
the emulsion side near a corner.
Write on this the words ‘‘emulsion
side”’ for future reference.

Conduct all tests on the reversing
film under subdued or ‘‘safe’’ light-
ing conditions. To obtain a safe light-
ing environment, use a common yel-
low “‘bug light”’ in your work area as
the source of illumination. This light
can be quite bright without having an
effect on the film. Do not work in
sunlight, which is a robust source of

ultraviolet radiation. If you work in
an incandescent-lighted area, do not
expose the film directly to the light
and keep the brightness of the illu-
mination as low as possible and work
as quickly as you can.

The procedure for producing a
negative exposure mask from the
positive master artwork is fairly
simple:

(1) Cut a piece of the reversing film
to about % inch larger in both dimen-
sions than the original master art-
work. If the artwork is very small—
say, less than 1 inch in a given dimen-
sion, add a bit to the reversing film to
facilitate easy handling.

(2) Referring to Fig. 4, place the
cut piece of film emulsion side down
on the wood plate of your contact
box and follow up with the original
master artwork. Position the art-
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Fig. 3. Solder-side (left) and component-side (right) artwork masters for a dou-

ble-sided pc board. Arbitrarily selected holes ““A”’ and ‘B’ are predrilled in the

pc blank prior (o sensitizing to permit exact registration of each negative expo-
sure mask during the exposure operation.
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Fig. 4. Shown here are details for making a negative of the original artwork mas-
ter. A glass sheet holds the artwork master and reversing film in intimate contact
with each other during exposure.

work so that it is centered on the film
and has its tape-and-pattern side
down. Place over this the sheet of
glass, the weight of which will force
the artwork into intimate contact
with the reversing film during the ex-
posure process.

It is very important that the art-
work and film be maintained in inti-
mate contact during exposure to pre-
vent unwanted light from bleeding
under the black pattern of the art-
work. If such bleeding should occur,
you will end up with a poor quality
negative. If you’re careful to keep the
exposure setup tight, you will end up
with a crisp, sharp negative of the
original artwork.

(3) Expose the assemblyto asource
of ultraviolet light or direct sunlight
for as long as necessary to ‘‘set’’ the
emulsion on the film in the selected
areas. Exact exposure time is impos-
sible to give here, since it depends on
the strength and purity of the UV en-
ergy and other factors. In bright di-
rect sunlight, the exposure time will
average about 60 seconds, while for
UV lamps it can vary from less than
half this time upward.

To determine how long to expose
the reversing film for the specific UV
energy source you’re using, run a se-
ries of test exposures on a strip cut
from the film. Expose )%-inch-wide
sections of the reversing-film strip,

emulsion side down, in increments of
10 seconds. Use a permanent marker
to write the exposure time of each
section of the film and expose through
the lettering. (If you’re using a UV
lamp, maintain the same distance be-
tween it and the exposure setup
throughout the test exposures.)

After test exposing the film, place
it emulsion side up and pour onto it a
sufficient amount of developer to
soak the emulsion. Work in subdued
lighting or under safe lighting condi-
tions. Spread the developer over the
entire emulsion-covered surface and
allow it to soak in for 15 seconds or
so. Use a very soft tissue or cloth
dampened with additional developer
to gently rub the developer into the
film until all softened portions of
the emulsion wash away. Then tho-
roughly rinse the strip of film under
running tap water to remove all de-
veloper. Examining the result, the
proper exposure time for the UV
source you’re using will be the time
marked on the film that appears in
sharp contrast against a transparent
film background.

(4) After exposing the film through
your original master artwork, imme-
diately return to safe lighting condi-
tions. Place the exposed film emul-
sion side up and ‘‘develop’’ it as you
did for the test strip above. Work
slowly and carefully and use plenty
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of developer when rubbing away the
unwanted portions of the emulsion.
If the exposure was correctly made,
the conductor pattern represented by
the tape-and-dot layout on the mas-
ter artwork will begin to appear as
clear against the orange of the re-
versing film. Continue rubbing until
the entire pattern is visible.

Bearin mind that with the develop-
er on the film, the emulsion may be
fairly soft at the end of the rubbing
operation and can easily be damaged
by mishandling. Therefore, handle
the developed film with care. You
can now work under normal lighting
conditions. Thoroughly rinse off
every trace of developer under cold
running tap water. Then allow the
film to thoroughly air dry. Do not
pat or rub it dry with a cloth or paper
towel or tissue.

(5) When it has dried, examine the
negative under fairly bright light,
comparing it against the original
master artwork. If the negative does
not have clear, sharp lines in accord-
ance with the artwork, your exposure
was too long. If some of the orange
background has washed away, the
exposure time was too short. If your
negative is almost perfect, you can
gently scrape away unwanted parts
of the orange background, using a
sharp razor blade or hobby knife,
and touch up with photographic
opaquing ink any spots that should
be opaque.

(6) If you wish to make more than
one printed-circuit board at a time,
make as many negatives of the origi-
nal master artwork as needed. When
you’re done and all negatives are
completely dry, trim them for mini-
mal pc blank wastage and arrange
them together with magic or clear
tape to make a single multiple-pat-
tern exposure mask. Figure 5 shows
the result of taping together of the
same pieces of negative artwork for
making four identical pc boards at
the same time.

(7) Make certain that you identify
the side of the negative that repre-
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from the moment it’s coated with re-
sist. Otherwise, the blank will haveto
be stripped of resist and thoroughly
scrubbed and be resensitized. Since
the resist-coated blank is highly light-
sensitive, sensitizing more blanks
than will be used in a single day isn’t
recommended.

(5) When coating with resist a dou-
ble-sided blank, the procedure is the
same, except coat the second side af-
ter the first has thoroughly dried. Of
course, if you use the alternate im-
mersion method, the whole opera-
tion can be performed in one pass.

(6) Keep the sensitized pc blank in-
side its light-tight enclosure until
you’re ready to use it. When you are
ready to use it, place the sensitized
blank inside a light-tight box or enve-
lope—such as the plastic envelopes
computer boards are usually sup-
plied in—while transporting it to
your working location.

Exposing the PC Blank

Expose the presensitized pc blank to
ultraviolet light in exactly the same
procedure as the reversing film was
exposed through the master artwork.
In this case, though, the negative is
used as the ‘“‘master.”” Use the same
contact print box or frame or sepa-
rate plywood board and sheet of
glass, asillustrated in Fig. 6. The pro-
cedure is as follows:

(1) In subdued light, place the sen-
sitized pc blank copper side up and
lay over it your exposure mask, the
marked ‘‘copper side’’ up. Make cer-
tain you orient the exposure mask
properly; if you place it upside-down
on the pc blank and proceed to ex-
pose, develop and etch the blank,
you’ll end up with a useless board.
Center the mask on the blank and
place the sheet of glass over the two.
Figure 6 illustrates this arrangement.

(2) Place the exposure mask and
blank inside your contact print box
so that the two are held firmly in inti-
mate contact with each other. Any
space between the exposure mask

Copper side

l l Light source
Glass
Label
Negative
PC board

=

Fig. 6. Iilustration of placement of the negative exposure mask and sensitized pc
blank for exposure. The glass sheet holds the exposure mask in intimate contact
with the pc blank.

and pc blank will result in a blurry
printed-circuit pattern.

(3) Expose the pc blank through
the mask to a source of ultraviolet
light or the sun itself. Again, as was
the case in preparing the negative
from your artwork positive, expo-
sure time will have to be determined
experimentally in much the same
manner as before. Typically, it will
be twice as long as was required to
properly expose the reversing film.
Therefore, a good starting point
would be 2 minutes with test expo-
sures at 20-second intervals.

(4) Once you’ve determined how
long an exposure is required, expose
the pc blank. Meanwhile, pour the
board-developing solution into a
glass—not plastic! —tray that is large
enough to handle the pc blank to a
depth of about % inch.

(5) When the pc blank’s exposure
period has lapsed, turn off the UV
source (or shield the setup from the
sun) and arrange safe lighting condi-
tions. Remove and set aside the sheet
of glass and exposure mask. Then,
handling the exposed pc blank only
by its edges, transfer it to the tray
containing the developer solution. If
the blank is single sided, place it cop-
per side up in the solution. Allow the
blank to sit in the developer for 2
minutes, at which time, the blank will
no longer be sensitive to light and you
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can finish working under brighter
ambient lighting conditions.

(6) Handling the pc blank only by
its edges, thoroughly rinse it under
cold running water to wash away all
traces of the developer. As you’redo-
ing this, avoid touching the copper
surface because the remaining resist
pattern is likely to be quite soft and
relatively easy to damage. To “‘set”’
the resist pattern and dry it at the
same time, it’s a good idea to force
dry the pc blank with a blow dryer.
Otherwise, allow the blank to dry na-
turally by evaporation.

(7) Careful examination of the pc
blank should reveal the pc pattern
formed by the remaining resist. If
you note any area or areas in which
the pattern has washed away to ex-
cess or entirely, your exposure time
was too short or you improperly pre-
sensitized the blank with photoresist.
If the resist hasn’t been removed suf-
ficiently from certain areas, your ex-
posure time was too long or the pre-
sensitized blank was exposed to light
before it was placed in the contact
box. In either event, you’ll have to
strip all resist from the blank and
start over again from scratch.

During your examination, if you
note any minor defects in the resist
pattern, you can correct them by
scraping away the resist in areas
where it didn’t wash off or add resist
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There are a number of alternative ways
to make printed-circuit boards. A pop-
ular method is the dry-transfer one
where etch-resist is applied to a printed-
circuit board, which can be donein vari-
ous ways. For example, DATAK’s sys-
tems are popularly used to make one-
time artwork and single boards.

The company’s ER-4 Photo-Etch Kit
($37) contains all the material needed to
reproduce artwork published, say, in
Modern Electronics. It also includes the
company'’s Direct-Etch system to make

A Dry-Transfer Alternative

single pc circuits without artwork,
which simplifies trying out different cir-
cuit layouts.

The latter system uses plastic etch-re-
sist patterns that are transferred by
pressure onto a copper-clad circuit
board. A set of 69 different sheets of
patterns—DIP’s, TO’s, surface-mount,
edge card contacts, straight-line con-
nections, polarity symbols, etc.—is
available as DE-973 for $34.95, while
refill sets of two sheets cost $2.

To create a circuit on a copper blank,

-

one simply lays down a selected pattern
on the sheet and rubs it with a ball
point or spoon burnisher. Then con-
necting traces from the sheet are cut to
the desired length with a razor or knife
and similarly transferred to the board.
The completed circuit is then sprayed
or tank etched, followed by removing
the resist by soaking the board in min-
eral spirits and rubbing clean with a
soft cloth.

As you can see, there are many ways
to skin the cat.

&

Sor

i
E
i “.d e R
e o ot o158 e
A (- 2K - 1u pomecE T w temy 1o w1
o . - - 2
v « —
hd
o L
4
#y
@ \
£ -
, 80
¢

A Direct-Etch Dual-1nline-Pin (DIP) pattern is transferred to a
copper-clad pc board by laying the pattern down where it’s to be
positioned and rubbing it with a burnishing tool.

° For e s %
4 « .
Printed-circuit connecting traces are first cut to length and then
transferred between pattern points, as shown.

#
After etching, the dry transfer etch resist is easily removed by
rubbing it with a cloth that’s impregnated with mineral spirits or
rubber-cement thinner.

i
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The finished printed-circuit board, displaying clean edge defini-
tion, is pictured here.
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with an artist’s paintbrush where it
washed off but should not have. If
you add resist, you must expose it to
UV light to set it prior to etching the
pc blank.

(8) Whatever developer remains in
the tray can be reused. Pour it back
into its container and seal tightly.

If you’re making a double-sided
printed-circuit board, your exposure
task will require a few extra steps. To
begin with, of course, you must ex-
pose the pc blank twice, once for
each side.

Alignment of the two exposure
masks—technically known as ‘ ‘regis-
tration’’—is critical. The simplest
way to assure this is to align the two
exposure masks with the sides labeled
‘solder side’” and ‘‘component
side’’ facing out and punch pinholes
in two or more strategically selected
component-hole locations through
both masks (see points ‘“A’” and “‘B”’
in Fig. 3). Place ‘“‘solder side’’ mask
copper side up on a double-sided pc
blank that has been previously cut to
size and gently center-punch the hole
locations onto the copper surface of
the blank. Remove the mask and drill
No. 60 holes at each marked location.

After drilling the holes, double-
check alignment between the blank
and two masks. Then clean and sensi-
tize the blank as described above.
When you’re ready to expose the
blank, place it on a corrugated card-
board box. Orient one mask on it
with its punched holes aligned with
the holes in the blank and push
straight pins through from the mask
side in each hole location and com-
pletely into the cardboard.

Place the glass over the assembly
and check for intimate contact be-
tween the mask and pc blank. If you
note any lifting of the mask, due to
the heads of the pins, place thin
pieces of cardboard on top of the
mask and weight the assembly down
with the sheet of glass. (Don’t forget
to do all this under subdued or safe
lighting conditions!) Expose the
blank through the mask to UV light.

Then repeat the entire procedure for
the other side of the blank and re-
maining exposure mask.

Etching the Blank

Etching is a chemical process by
which the portions of the pc blank
not protected by the resist pattern are
attacked and eaten away by a chemi-
cal solution. In effect, the unwanted
copper is washed away, leaving be-
hind only enough copper to make up
the desired copper-trace pattern for
the printed-circuit board.

Two etching agents are popularly
used by both industry and home ex-
perimenters and hobbyists. These are
ferric chloride and ammonium per-
sulfate. Of the two, ferric chloride is
much the faster etchant, requiring
about 10to 30 minutes, depending on
solution temperature and agitation
activity, to eat away the unwanted
copper from a typical size pc blank.
Ammonium persulfate may take up
to 2 hours to do the same job.

Ammonium persulfate is a grace-
ful etchant compared to ferric chlor-
ide. Both chemicals are poisonous
and, therefore, must be kept out of
the reach of children. They must nev-
er come in contact with eating uten-
sils. This being the case, you should
purchase a glass baking dish and use
it exclusively for pc work. In fact,
buy two or three dishes, saving each
for exclusive use of only one chemi-
cal (etchant, developer, etc.).

A word of caution about ferric
chloride is highly in order here. This
is a particularly nasty chemical in
that it will attack almost any metal
and will stain anything else it comes
into contact with. Be very careful not
to spill or splash this chemical. Wash
it immediately off anything that may
accidentally come in contact with it.
Also, if you pour ferric chloride into
a sink, it will stain the surface.

Ferric chloride comes premixed
andready to use. Ammonium persul-
fate, on the other hand, is supplied in
a crystal form and must be mixed
with water at the time it is to be used.
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Both chemicals work faster at elevat-
ed temperatures and are at their opti-
mum at about 100 degrees Fahren-
heit. You can warm ferric chloride to
110 or even 120 degrees by placing it
in its unopened container in a pail of
very hot hot water until it becomes
hot to the touch before actually using
it. With ammonium persulfate, sim-
ply use hot water in which to dissolve
the crystals.

Pour the etchant into a glass bak-
ing dish to a depth of % to % inch.
Then place the pc blank in the etch-
ant. As the etchant begins to work,
gently rock the dish back and forthto
agitate the etchant and wash away
the released copper. Continue etch-
ing the blank, rocking the dish every
couple of minutes or so, until all cop-
per has been etched away from the
areas not protected by resist. Take
care to avoid splashing or spilling the
etchant.

During the etching process, peri-
odically lift the board out of the etch-
ing solution to inspect the progress.
Use only plastic tongs to lift the
board from the solution. Never use
metal tongs; the etchant will immedi-
ately begin attacking them if you do.

Don’t over-etch the pc blank. If
you do, you may find that the etchant
will begin to attack the desired cop-
per pattern. When etching is done,
remove the board from the glass bak-
ing dish and thoroughly rinse it under
running tap water. Then carefully ex-
amine the board to verify that it has
been properly etched. If there are still
traces of unwanted copper, return
the board to the etching solution un-
til they’ve been dissolved and once
again thoroughly clean the board.

Once the etching process is truly
complete and all traces of the etchant
have been rinsed from the board, re-
move the resist that remains on the
copper pattern to make it possible to
solder to the copper pads. Use fine
steel wool or very fine emery cloth to
remove the resist.

If you use ammonium persulfate
etchant, be advised that it is not reus-
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able. Upon completion of etching a
board, this chemical should be dis-
posed of according to the rules for
such disposal in your community.

You’ll know when ferric-chloride
etchant has become saturated with
dissolved copper by the fact that its
copper-removing action will be not-
iceably slower or cease altogether.
When this occurs, it’s time to discard
the etchant. The best way to do thisis
to pour the etchant into a container
of dry sand, which will soak it up like
a sponge, and then dispose of it with
your normal trash pick-up. Before
doing thelatter, however, check with
your local environment protection
agency if this method of disposal is
legal; if not, ask what must be done
to get rid of the etchant.

At this point, you’re ready to final-
ize your new pc¢ board. If the board is
to take an odd shape—such as an
““L”’ or a triangle—or must have cut-
outs or notches, do whatever cutting
is required before drilling any holes.
Then drill all holes, starting with the

Materials Availability

The printed-circuit artwork and
board materials mentioned in this arti-
cle, as well as others that are not men-
tioned, are available from a number of
sources. However, to make it more con-
venient for you to obtain small quanti-
ties of the supplies needed to make pro-
fessional-quality pc boards, the follow-
ing items are available from A. Caristi,
69 White Pond Rd., Waldwick, NJ
07463:

* Anartwork kit consistingofan8'2 x
11-inch sheet of drafting film, roll of
0.030-inch-wide tape; 192 0.100-inch-
diameter donut pads; and 10 DIP IC
pad patterns, $16.95.

® 3M negative film (5 x inches),$7.95,
and 3M film developer (2 ounces), $3.95.
¢ Paint-on-type photoresist (1 ounce),
$6.95, and developer (4 ounces), $4.95.
e Ammonium persulfate crystals to
make 1 quart, $4.95.

Add $5 per order to cover P&H. New
Jersey residents, add state sales tax.
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largest and working down to the
smallest. If the centers of any donut
or IC pads have no copper removed
from them, carefully dimple them us-
ing a sharply pointed center punch
and a gentle tap from a hammer.
Your printed-circuit board is now
ready to be populated with compo-
nents. If you followed the routines
outlined here, the board—and, by

extension, the wired circuit-board as-
sembly—should look every bit as
professional as any you can get from
commercial sources.

Once you master the “‘art’’ of fa-
bricating pc boards, you’ll discover a
whole new dimension of the electron-
ics hobby. Given professional-look-
ing pc assemblies, you’ll undoubted-
ly want to show off your projects. ME





