Learn how to use the photo-resist method
for making your own PC boards.

ANYONE CAN MAKE PROFESSIONAL
single- and double-sided pro-
totype circuit boards using just
a few basic materials and tech-
niques. The technigues shown
in this article will allow you to
produce a PC board for your pro-
totype in a matter of hours.
Board houses can often take
weeks to produce a board. Once
you are familiar with the tech-
niques described in this article,
yvou will expose, develop, and
etch boards in about 40 min-
utes, at an average cost of about
825 each.

Boards produced with the
photoresist method can have
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traces as thin as 15 mils {a mil is
Yiooo of an inch) with 10-mil iso-
lations. Pads of 65 mils and drill
holes of around 30 mils can also
be produced. Once you get the
hang of the procedure, you can
make many copies of the same
board with a sucess rate of
around 95%; the 5% of the
boards that are unusable usu-
ally result from reusing etchant
and developer too much.

Many of the things you'll need
to make PC boards using this
technigue can be found right in
your kitchen, so you don’t have

to break the bank to try it out.
Table | shows a list of the neces-
sary equipment, and Figure 1
shows some of those materials,

Artwork

There are many sources for
the artwork for your board
layout. For you own designs, if
you have access to a CAD pro-
gram and a laser printer, you
can get a clear plot from the pro-
gram onlo papet. If the circuit is
small you should plot the art-
work at double the actual size (a
2:1scale). If you canr't use a com-
puter for your board design, you
will have to produce your PC
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TABLE 1—NEEDED MATERIALS

= Artwark (from a printer, preferably a laser printer)

* Sunlamp (not an infrared heat lamp)

» Darkroom safe light
= Kitchen timer

+ A piece of plate glass larger than the desired board size (you can use the

glass from a cheap picture frame)
+ Hot plate
+ Glass brownie pan
« Candy thermometer
+ Plastic tray
« Bucket
« 1 pint of etchant
« 1 pint of developer

= Light sensitized PC-board material (single- or doubie-sided)
« Rubber gloves resistant to chemicals (available at hardware stores)
= Drill press and small bits (around .030- or 045-inch)

FIG. I—HERE ARE SOME OF THE MATERIALS you need to make your own PC boards.

pattern on clear acetate film
with black tape and donuts.
Taping is recommended only for
small boards.«If CAD software is
available don't use tape at ail
unless vou are experienced in
laying out boards by hand.
Next, you might need {0 have
a film, or transparency, made of
the arfwork. (It is not necessary
if your artwork is on acetale and
at a 1:1 scale.) Printing shops
charge about $15 a sheet. Two
sheets are required for double-
sided beards unless the pat-
terns are small enough that
thev will both fit on one sheet
{see Fig. 2). Try to keep a 1- to 2-
inch border around each piece

of artwork.

Determine which side of the
transparency you want the
emulsion (the tmage) on, so that
when the film is laid on top of
the PC-board blank, the pattern
is touching the board and not
on the side of the film facing
away [rom the board. That pre-
vents light from going under
the artwork and causing traces
to be etched away.

You must also specify if the
film is to be scaled from the pa-
per. If your paper plot is twice
normal size. you'll have to get a
50% reduction to get the proper
size. Finally, specify if you want
a positive or negative, If your

film is positive, use positive-
sensitized boards and positive
developer. With negative film.
use negative-sensitized boards
and negative developer,

Making a board

The following procedures are
necessary to make double-sided
boards; some of them arc not
necessary for single-sided
boards. Once you have the film
ready, cul a 2-inch border
around the solder-side film and
a l-inch border around the com-
ponent-side film.

Place the component-side
film on top of the solder-side
film with the correct orientation
to simulate a finished board.
Line up the patterns and tape
the component-side film to the
selder-side film along the top
and side edges. Don't cover any
of the artwark with tape. Insert
a l-inch wide scrap piece of PC-
board material atlong the bot-
tom edge to act as a spacer be-
tween the two films, Position
the scrap material Ya-inch away
from the edge of the artwork on
the film. Then tape the material
in place on both sides making
sure thaf the through holes on
the filin still line up. Remove the
tape from the sides and top of
the flm leaving only the scrap
stock connecting the films.

You will need light-sensitized
board material, developer. and
etchant to complete the board.
You can use positive or negative
techniques as long as your film
matches, although the positive
technique is described here.
Handle the sensitized boards by
the edges so that the coating re-
mains intact.

Place the sun lamp 10 inches
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FIG. 2—PUT ALL PATTERNS on a singie
sheet of film, if possible, to save money
on having the film made,



forms.

FIG. 4—A SUNLAMP IS MOUNTED to a
base that makes exposing the blanks
relatively easy. The base holds the glass
securely in place.

above the surface to be exposed.
Set up the hot plate with the
glass brownie pan on it. Mount
the candy thermometer to the
side of the brownie pan. (The
author soltened a piece of scrap
plastic into the shape of a clip
and drilled a hole in it to hold
the thermometer firmly).

The etching solution should
be prepared before exposing
your board, so that it's ready
when you are. Ferric chloride

FIG. 3—ETCHANT IS AVAILABLE from many ditferent suppliers, and in many different

can be used to etch the boards,
although environmentally safer
sodium persulfate etchant can
aiso be used. Figure 3 shows dif-
ferent kinds of etchants. Re-
member, when working with
caustic chemicals, make sure
theres good ventilation, wear
old clothes because the etchant
stains don't wash out, and wear
rubber gloves.

Place the glass pan on the hot
plate and pour the etchant
about 1% inches deep into the
pan. Turn on the heat and get
the etchant stabilized to be-
tween 125 and 135 degrees
Fahrenheit—do not let the
etchant get over 140 degrees.

Fill the bucket with cold
water. Get a clean glass bottie
and mix the developer with the
correct ratio of hot water {ac-
cording to the manufacturer's
directions—it might not be nec-
essary at all), and pour it into
the plastic developing tray.

Place your film, the large piece
of glass, some tape, the sen-
sitized board in its sealed, light-
tight plastic bag, and a knife in
front of you on a clean surface.
Turn on the red safety light and
turn off the other lights. Make
sure the etchant is up to tem-
perature. Open the sensitized

board in the red light and, hold-
ing it by the edges, place it be-
tween the two films. Flatten the
film out beneath a picce of paper
(50 you don't touch the hoard)
and tape the film firmly to the
board on both sides making
sure not to upset the alignment,
You can cut the corners off the
film to make room for the tape.

Place the board and film un-
der the sun lamp with the glass
on top to keep the film pressed
flat against the board (see Fig.
4). Set the timer for 6% minutes
and turn on the sun iamp being
careful not to look directly at the
bulb. After the board has been
exposed for 62 minutes, turn it
over very quickly and reset the
timer for another 6% minutes.
Finally, turn the sun lamp off.
Wearing a rubber glove. remove
the film and dip the hoard into
the warm developer. Use a stick
to move the board around in the
developer. Lift it up and down
from the edge to det a wave ac-
tion going. Also flip it over a
couple of times. A faint image
will appear after a minute or
(wo.

After about 3 or 4 minutes,
take the board out and plunge it
into the bucket of cold water.
That stops the devclopment
process and hardens the etch
resist.

This is a good stopping point
if you plan to make multiple
copies of the same board, as you
can set the developed board
aside, expose more of them, and
then etch them all at once. If you
are making only one board, you
can turn on the lights at this
time. After the board has been
in the cold water for about a
minute, remove it and then
place the board into the
etchant. After about I or 2 min-
utes, begin moving it around
with a stick continuously to pre-
vent dissolved copper from
sticking to the board. Check
that your temperature js correct
as you continue etching. It
should take from 5 to 15 min-
utes to etch, depending on how
fresh the ctchant and how big
the board is. An etching tank—
a tank specially made to etch
and agitate PC boards—will
speed up the process, and is a
worthwhile investment should
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you decide to make boards on a
regular basis. You can buy an
etching tank from suppliers
that carry materials for making
PC boards, or even build one
(see Radio-Electronics, De-
cember 1989).

When you can see that the un-
wanted copper is almost fully
etched, take the board out of the
etchant and plunge it into the
bucket of water to rinse off the
etchant. If it is not etched
enough, put it back into the
etchant. It's better to stop etch-
ing too soon and then put it
back in again than to etch it too
much. When the board is done,
rinse it off and towel dry it.

If your board does not etch
compietely, even with fresh de-
veloper and etchant, you must
repeat the entire procedure, ex-

" posing the board a bit longer to

the sun lamp. However, if traces
are being etched away along
with the unwanted copper, then
you must reduce the exposure
time, Once you determine the
correct exposure time, it will
work every time. Call your local

city officials to find out how to
properly dispose of the used
chemicals—don’t just pour
them down the drain!

With a piece of fine steel wool,
polish the board to remove all
remaining etch resist. Inspect
theboard for any broken traces,
You are now ready to drill the
board. Remember to wear safety
goggles, Although adrill press is
best for drilling PC boards, a
hand drill and a steady hand
will also work.

When double-sided PC boards
are professionally made, holes
are plated through the board to
connect traces from top to bot-
tom. With our technique there
is no plating through of the
holes. We simulate the through-

holes by inserting short lengths -

of wire through the holes and
soldering them on both sides.
,In through-hoeles where compo-
nent leads pass through, the
leads are simply scldered on
both sides. Because some com-
ponents have leads that are dif-
ficult to solder on the compo-
nent side, it is good practice to

place as many traces as possible
on the solder side when laying
out the board.

When your board is complete,
you can assemble your pro-
totype. If everything checks out,
you are ready to send the infor-
mation to your PC board man-
ufacturer and have them make
as many boards as you need,
with the assurance that they
will work properly. Q




