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Practical 
Printed- Circuit Boards 

A simple direct -mask method of producing single- 
quantity printed- circuit boards 

By Wayne Richardson 

Horne fabrication of printed - 
circuit boards can be a frus- 
trating proposition. Those 

of us who have made our own pc 
boards are already familiar with the 
little things that make it so. Leading 
causes are the resist ink pen that 
works on everything but the copper 
on a pc blank, dry -transfer patterns 
that float off the blank in the etching 
bath, and messy photoresists that are 
costly and complicated to work with. 
Presented here is a reliable procedure 
for making pc boards inexpensively, 
though it does take a lot of patience. 

Being limited to single -quantity 
boards does not negate the utility of 
the procedure we are about describe. 
After all, it is only the rare project for 
which you want two identical pc 
boards. On the plus side, the material 
needed for the resist pattern is com- 
monly available at any housewares 
supply or hardware store at relatively 
low cost. 

By The Numbers 
There are five basic steps involved in 
the procedure described here. No 
special training or experience is need- 
ed to fabricate working printed - 
circuit boards using this procedure. 
You can use it to fabricate very sim- 
ple single -sided boards, more com- 
plex boards and even some fairly 
complex double -sided boards if you 
work carefully and follow the steps 
detailed exactly. 

It is assumed that before you begin 
laying out your pc board you know 
exactly what the copper -trace pattern 
is to look like in 100 -percent scale. If 
you are starting with a pc etching - 
and- drilling guide in a magazine or 
book, full -size artwork is already 
available. However, if you are fabri- 
cating a pc board for a circuit of your 
own design, you must prepare on pa- 
per a full -size pc guide from which 
to work. 

Whichever type of guide you are 
going to work from, it is a good idea 
to work directly from an exact -size 
photocopy of it. This way, you will 

not ruin the original, to which you 
can always return if you make an er- 
ror during the procedure. 

Step 1. Begin fabricating your pc 
board by cutting to the size needed a 
piece of copper -clad pc blank. Smooth 
the cut edges of the blank and then 
scrub the copper cladding with scour- 
ing powder and water until the cop- 
per is bright and shiny. Thoroughly 
rinse off the scouring powder and air 
dry the cleaned blank. From now on, 
handle the blank only by its edges. 

Now trim the photocopy of your 
actual -size artwork to the final size of 
the board and rubber cement this to 
the copper -clad side of the now dry 
pc blank. Use only enough rubber ce- 
ment to prevent the artwork from 
moving as you handle the board. 

Once the cement has dried, drill an 
appropriately sized hole for each 
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F°g. 1. After rubber cementing photocopy of original actual -size artwork to cop- 
per -clad side of pc blank, drill all component lead and pin holes and mounting 

holes for board. 

component lead or pin and mounting 
hole in the pc guide. Use of a drill 
press stand or a hobby type drill will 
make this part of the procedure easi- 
er to perform. Work carefully, espe- 
cially when drilling holes through the 
centers of IC pads. Use a sharp bit 

and allow the drill to do the work. 
The procedure up to this point is pho- 
tographically illustrated in Fig. 1. 

When you are finished drilling all 
component lead and pin holes and 
the mounting holes for the board, 
backlight the pc blank and check for 

Fig. 2. Sharp copper edges will appear on the exit side of holes drilled through 
double -sided pc blank. These must be smoothed with very fine emery cloth. 

any holes you might have missed. If 
you did miss one or more holes, drill 
them now. 

Slowly and carefully to avoid tear- 
ing it, strip the artwork from the pc 
blank. If you are successful in peeling 
away the artwork in one piece, you 
can keep it for use at another time or 
later reference. Now examine the 
copper cladding to see if any rubber 
cement has been left behind. Remove 
any you find by rubbing it away with 
a fingertip. 

If you are fabricating a double - 
sided pc board, turn over the drilled 
pc blank and use very fine sandpaper 
to smooth the rough copper edges 
only around each drilled hole (see 
Fig. 2). Next, test position the actual - 
size artwork for the other side of the 
board against your work thus far. It 
is helpful at this point to backlight 
the board to aid in positioning the 
artwork. Your second -side artwork 
should exactly mesh with the hole 
pattern already drilled in the blank. 
Set the artwork aside. 

Step 2. Now cut a piece of clear 
ContactTM or other self- adhering 
plastic sheet of the kind used to cover 
shelves to dimensions large enough 
to completely cover the copper clad- 
ding on the board. (You need two 
such sheets of clear plastic if you are 
fabricating a double -sided board.) 
Remove the paper backing from the 
plastic sheet. 

Working carefully, roll the plastic 
sheeting, adhesive side down, onto 
the copper cladding. Firmly burnish 
the plastic sheeting onto the copper 
cladding to avoid wrinkles and elimi- 
nate trapped air bubbles. Work from 
the center outward in all directions. 
When you are finished, trim the plas- 
tic to the exact dimensions of the pc 
blank, using a safety or hobby knife. 
If the board is to be double sided, re- 
peat the procedure for the second side. 

Lightly sand with very fine emery 
cloth the entire exposed surface(s) of 
the plastic to give it a "tooth" on 
which to draw. Do not push down 
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hard or cut through the plastic with 
the sandpaper! 

Step 3. It is now time to draw the 
conductor pattern onto the plastic 
exactly as it appears in the original 
artwork. Place your artwork beside 
the pc blank in the same orientation 
as the holes you drilled in the latter. 

Now use a soft lead pencil with a 
rounded -not sharp -point to draw 
each pad outline and conductor run 
on the dulled plastic sheeting exactly 
as it is shown in the original artwork. 
Work carefully, and draw each com- 
plete conductor run from beginning 
to end before proceeding to the next. 
This way, you are less likely to miss a 
conductor run. If you make any er- 
rors during this phase of the proce- 
dure, simply erase your mistake and 
correct it immediately. 

If desired, you can adjust the 
width of the board perimeter (usually 
a surrounding ground trace) to make 
it possible to remove a minimum 
amount of copper during the etching 
operation -provided this does not 
interfere with circuit performance. 
By reducing the amount of copper to 
be removed to a minimum, you can 
extend the life of your etchant. 

Step 4. When you are finished draw- 
ing the copper -trace pattern (see Fig. 
3), compare it point for point against 
the original artwork -for both sides 
of the blank if you are making a dou- 
ble -sided board. If you discover any 
errors at this point, correct them im- 
mediately. Then, when you are satis- 
fied that everything is okay, use a 
very sharply pointed hobby knife to 
score the plastic around every drawn 
trace down to the copper surface(s). 
Think of each trace as an elongated 
circle. Before you do this, however, it 
is a good idea to practice on a scrap 
plastic -clad board. Spacing between 
cuts, working around IC pad loca- 
tions and the amount of cutting pres- 
sure are the only difficult -but easily 
mastered -parts of this simple pc- 
board- making procedure. 

If needed, you can make the traces 

Fig. 3. Carefully following original artwork, conductor pattern is drawn on self- 
adhering plastic sheet with a soft lead pencil. 

quite wide, leaving only ' /,6 inch of 
space between them to cut down on 
etchant usage. This is safe to do be- 
cause of the natural undercutting ac- 
tion of the etchant. Work only a few 
minutes and then rest for a few min- 
utes. As you gain experience with this 

technique' for fabricating pc boards, 
your pace will pick up considerably. 

After cutting all trace shapes, you 
are ready to remove the unwanted 
portions of the plastic sheeting in the 
areas to be etched. To do this proper- 
ly, slide the tip of your hobby knife 

Fig. 4. After scoring around drawn trace pattern with sharp hobby knife and re- 
moving unwanted plastic sheeting, examination of result may show such poten- 
tial problem areas like left- behind adhesive (inside large circle) and notches re- 

moved from traces (small circle). 
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Fig. 5. After etching the pc blank and removing plastic -sheet "resist" and clean- 
ing the blank, copper traces are sharply delineated from board substrate. 

under a path to be removed and very 
carefully peel it away. If you en- 
counter a point where your previous 
cutting failed to cut all the way 
through the plastic, stop and use 
your hobby knife to cut all the way 
through. Then continue peeling away 
the unwanted plastic sheeting until 
all of it has been removed. If you are 
working on a double -sided board, re- 
move the unwanted plastic sheeting 
from the other side as well. 

After discarding the unwanted 
pieces of plastic, place a sheet of pa- 
per over the blank and firmly burnish 
through it the remaining pieces of 
plastic sheeting into place on the cop- 
per cladding. This second burnishing 
operation will reseat any plastic 
pieces that might have lifted from the 
copper surface during the removal 
operation. 

In bright lighting, carefully exam- 
ine your board to locate any errors 
and remains of unwanted plastic 
sheeting and left- behind adhesive. At 
the center of Fig. 4 are shown two 
things to keep an eye out for. One is 
in the large circled area, which shows 
some adhesive that was left behind 

when the plastic sheeting was re- 
moved. The other, in the small circle, 
shows a notch of the plastic that was 
erroneously removed from a conduc- 
tor run. 

Remove unwanted adhesive with a 
cotton swab dampened with ether - 
based engine starting fluid (work in a 
well -ventilated area). Alternatively, 
stop by an art -supply store and pick 
up a rubber -cement pickup block and 
use this to "erase" the adhesive. Re- 
pair a missing piece of plastic by re- 
moving the damaged plastic and re- 
placing it with a strip of Scotch 
Magic Transparent TapeTM. Do not 
substitute another brand or type of 
tape or you will run the risk of the 
tape floating off the copper in the 
etchant. An alternative approach to 
repairing a damaged piece of plastic 
"resist" is to paint onto the accident- 
ally exposed area of copper clear fin- 
gernail enamel. 

Step 5. Burnish down your plastic - 
sheet resist pattern one last time 
through a sheet of paper. Then place 
the prepared blank in the etching sol- 
ution of your choice. Leave the blank 
in the solution for a few minutes to 

allow the etchant to begin removing 
copper in the exposed areas of the 
blank and then remove it from the 
solution. Check for air bubbles 
trapped against the copper cladding 
(break them with the point of a pin) 
or spots where you missed seeing left - 
behind adhesive before (remove 
them as described above) while the 
blank is wet. 

Return the blank to the etching 
bath, but periodically remove it to 
check for problems. Rectify these as 
you encounter them. Problem areas 
will be clearly visible. You can rectify 
these problems before permanent 
damage is done to the pc blank. 

Once the etchant has done its 
work, rinse the board under cool run- 
ning water to remove all etchant and 
stop the chemical action. Peel away 
and discard all plastic resist from the 
remaining copper traces. You will be 
left with sharply defined copper 
traces on the board substrate, as 
shown in Fig. 5. 

Once again clean both sides of the 
board with scouring powder and wa- 
ter until the copper traces are bright 
and shiny. Then thoroughly rinse the 
board to remove all vestiges of scour- 
ing powder, especially in the drilled 
holes, and then air dry it or force -dry 
it in a warm oven. 

When the pc board is completely 
dry, handle it only by its edges. If you 
wish, you can immerse the new pc 
board in a solution to plate all con- 
ductors with a thin layer of tin to pro- 
tect them from oxidizing and make 
them much more solderable. 

Your printed- circuit board is now 
ready to be populated by the compo- 
nents for which it was designed. It is 

best to wire the board as soon as pos- 
sible after fabrication to prevent oxi- 
dation of the copper traces from be- 
coming a problem during the solder- 
ing operation. Of course, if you 
plated the traces with tin, you can 

(Continued on page 82) 
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Free Product Information 

Readers can obtain free information on 
products advertised by the above com- 
panies, as well as for some editorially 
mentioned products. Simply circle the 
appropriate number printed below an 
advertisement onto the Modern Elec- 
tronics "Free Information Service" 
card bound into this issue. After filling 
in your name and address, just mail the 
postpaid card. Your request will be for- 
warded directly to the advertiser with a 
mailing label prepared by our reader - 
service department to ensure speedy re- 
sponse. 

Practical Printed Circuit (from page '7) 

wait longer to populate the board, if 
you wish. 

When working on a double -sided 
pc board you made yourself, keep in 
mind that the holes are not plated - 
through. Therefore, you must solder 
component leads and pins to the cop- 
per pads on both sides of the board 
and install bare wires in each hole 
that signals continuation of a con- 
ductor on the other side of the board. 
Also, if you are building a project 
that uses DIP ICs and wish to use soc- 
kets, do not use ordinary sockets that 
offer soldering access on only one 
side of the board. Instead, use Molex 
Soldercon® socket strips instead. 

Some Caveats 
The size and complexity of any 
printed- circuit board you attempt to 
fabricate using the method detailed 
above will depend on your persis- 

tence, dexterity and experience with 
this procedure. Do not try to make 
several of the same board, micro- 
wave inductors or computer mother- 
boards with this technique. If you 
do, the attempts will be destined to 
fail. Such applications are jobs for 
the photographic technique. 

As you work with the procedure 
described here, keep in mind that it is 

best to perform Steps 2, 3 and 4 at 
one sitting, if at all possible. The rea- 
son for this is that the adhesive on the 
plastic sheeting has a tendency to 
"grab" after a few hours, making re- 

moval much more difficult. 
Making a printed- circuit board by 

the method described above is more 
dependable and no more difficult or 
time -consuming than other fabrica- 
tion techniques. It is easy to master 
and requires no expensive and tem- 
peramental chemicals (other than the 
etchant of your choice, of course).AE 

NEW PRODUCTS (from page 13) 

mits the camcorder to control a corn- 
patible VCR to put together an edited 
tape of selected scenes. 

A fun feature built into the new 
camcorders is animation recording 
capability. With this feature, one can 
animate toys, dolls and drawings 
by moving them and shooting one 
"frame" at a time and playing the 
tape back at normal speed to view the 
"action." Other features include: 
time -lapse recording that permits one 
to compress (speed up) slow- moving 
action; index recording; 8:1 power 
zoom lens; automatic focus; macro 
focus; constant automatic while bal- 
ance; high -speed shutter with AE 
(Automatic Exposure); on- screen 
viewfinder display graphics; built -in 
microphone with wind -noise filter; 
and earphone speaker. 

Both models feature all of the 
above, and the Model CC320 adds a 

built -in titler /character generator 
for superimposing information on a 
tape in eight different colors and two 
sizes of characters. The CC320 also 
has a recording capability that 
changes normal video into a "nega- 
tive" image and two -speed record/ 
playback that permits a maximum re- 
cording time of 8 hours using a T -160 
tape in SLP mode. $1,595 Model 
CC320; $1,495 Model CC310. 

CIRCLE 99 ON FREE INFORMATION CARD 
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