Technology

Making Printed-Circuit
Boards Without Photography

How to use transfer film to copy an artwork image and
transfer it to a pc blank as etchant resist

By Jan Axelson

board as a method of construc-

tion when you want to give a
professional internal appearance to
your electronic projects. Many dif-
ferent techniques exist for fabricat-
ing pc boards, including the photo-
graphic approach, using press-on or
rub-on transfers (so-called ‘‘dry-
transfer’” technique), and drawing
directly on a copper-clad pc blank
with an etch-resist pen.

In this article, I’ll describe a new
way to make pc boards using a spe-
cially coated TEC-2000 plastic film.
The method to be described is espe-
cially useful when you have an exist-
ing conductor pattern and wish to
make just one or a few copies of a
board. You can use a published art-
work like that which appears in many
articles in Modern Electronics, or
you can use a pattern that is taped on
transparent Mylar film, drawn by
hand on paper, or created with a
computer with graphics software and
a printer or plotter.

In the method described here, an
ordinary photocopier first copies the
pattern onto the film. A clothing iron
is then used to transfer the image
from the film to the printed-circuit
blank by heating and pressing the
two together. Thereafter, you etch
and drill the board as usual. Of
course, a little practice may be re-
quired in the beginning to master the
transferring technique. But with

I t’s hard to beat a printed-circuit

some experience you can quickly and
reliably create functional and profes-
sional-looking boards.

Fabricating a circuit board with
this method requires three main
steps: copying a pattern onto the
film, transferring the pattern to the
board, and etching and drilling the
board. There’s nothing special about
the etching and drilling step; this is
done exactly the same as with other
methods. So in this article we’ll con-
centrate on how to copy and transfer
a pattern.

Materials & Equipment

The Bill of Materials and Equipment
box details what you need to make a
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printed-circuit board using this heat-
transfer method. The TEC-200 film
comes in 8%2 by 11-inch sheets. Cost
is around a dollar per sheet, and the
film and an instruction sheet are
readily available by mail from the
suppliers listed in the Supplier Ad-
dress box.

According to Meadowlake Corp.,
which distributes TEC-200 film in
the United States, the film was creat-
ed in Germany by a chemist who was
looking for a more convenient way of
creating circuit boards. This film has
a Mylar base with a coating that
loosely holds an image photocopied
onto it. When heated, the copied im-
age melts and then transfers and fuses
to the copper surface of a pc blank.
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lar and flip the sheet over and you’ll
have the correct image to copy. Be-
cause they are solder-side views, the
conductor patterns published in
Modern Electronics must be reversed
in this way.

Preliminary to .copying any pat-
tern, always check it over carefully.
Look for hairline discontinuities in
the trace lines and for traces or pads
that are touching but should be sepa-
rate. Correct any defects before you
proceed to the copying stage.

When you have a pattern ready to
copy, takeit and the TEC-200 film to
a photocopy shop. If you have an ex-
tra sheet or two of the film, it doesn’t
hurt to make extra copies. If you find
you don’t need the extra copies, you
can wipe the copied patterns off and
use the film.again.

Bear in mind that most—if not all
—photocopiers have distortion built
into them. Some copiers have mini-
mal distortion and will work fine for
even fairly detailed conductor pat-
tern copying. Others have excessive
distortion that may be useless, espe-
cially if they do not provide reason-
able spacing for DIP integrated cir-
cuits. If a copier you try has excessive
distortion, try another and another
until you’ve reduced the distortion to
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Fig. 2. In direct method of pattern transfer, iron simultaneously heats transfer
Jfilm and pc blank, causing pattern to transfer from film to blank.

a negligible amount. Even moderate
distortion will be unacceptable for
larger-size conductor patterns.

Keep the film clean by handling it
only by its edges and storing it in a
manila folder for protection. At the
copy shop, first make a trial copy of
your pattern on paper. If your image
is on transparent film, lay a sheet of
white paper over the back of it when
you copy to prevent any dirt or other
images on the cover of the copier
from copying onto the film along
with the conductor pattern. If neces-
sary, experiment with different dark-
ness settings on the copier until you
have a solid black image against a
white background.

Bear in mind that the pattern must
show the component-side view. If
necessary, Copy your pattern onto
TEC-200 or transparent Mylar film
and flip the copy over for the correct
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orientation. It’s also a good idea for
the pattern to include some way of
identifying the view. One way to do
this is to write ‘‘image side’’ just out-
sideone edge of the pattern to be cop-
ied. Then after copying, you’ll know
that the side of the film with the read-
ablelabelis the side that has the toner
on it from the copier.

If your conductor pattern is en-
larged or reduced, you must reduce
or enlarge it accordingly to obtain an
actual-size pattern. If you do enlarge
or reduce the image, be sure to check
for correct dimensions on your copy.

When you have your patternin the
correct orientation and you’re satis-
fied with the photocopies of it on pa-
per, it’s time to copy onto the TEC-
200 film. (Caution: When copying
onto TEC-200 film, proper operating
temperature of the copier is manda-
tory. The photocopying process uses
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How long you must hold the iron
on the blank must be determined by
trial and error. In tests I’ve per-
formed, I found that 30to 60 seconds
of contact with the hot iron should be
sufficient to properly heat the pc
blank to the desired temperature to
accomplish the transfer of the image
from the film to the copper surface of
a small blank.

When the blank is hot enough,
you’re ready to transfer the pattern.
This must be done quickly. Remove
the iron and place the film image-
side-down in its planned position on
the heated copper surface. Immedi-
ately begin drawing the brayer across
the film, using even, moderate pres-
sure. Continue rolling as the blank
cools. Make several passes from dif-
ferent angles, and be sure to roll
across the entire pattern.

Do not lift the film or move the

blank until the latter has cooled to
room temperature. However, you
can examine the blank ‘while it is sit-
ting undisturbed. Examine it careful-
ly. You should be able to see where
the image has left the film and is
transferred to the blank. If you see
sections that have remained on the
film, you can briefly press the tip of
the hot iron directly on the film at
these locations. (Small areas can also
be filled in later with a resist pen.)
When you’re finished, turn off the
iron and leave the board to cool with
the film still in place.
e Direct-Transfer Method. Using
this method, the pattern is trans-
ferred directly with the iron, instead
of with the brayer, as illustrated in
Fig. 2. This method may work better
for large patterns, but it requires
much more careful monitoring.

Begin with a thoroughly cleaned
and dried copper surface as described
.above. Lay the film image-side-down
directly on the copper surface of the
blank. Lay over this a paper towel,
napkin, or thin cotton cloth. Then
transfer the pattern by placing the
heated iron directly on the covered
board, using moderate pressure.

Check the blank frequently—
every “few seconds—by lifting the
covering (but do not-disturb the film)
and examining the the blank to see if
the pattern has successfully transfer-
red. As was thecase using in the bray-
er method, deciding on just how long
the blank must be heated with the
iron must be determined by trial and
error. With this direct-transfer,
method I found it very easy to heat
too long and end up with a smeared
-and useless image; so check frequent-
ly as you heat.

When the pattern has successfully
transferred, turn off the iron and
leave the blank to cool without dis-
turbing it or the film.

Examining & Etching

Regardless of which of the two meth-
ods you use, when the blank has
cooled you’re ready to check the
quality of the image. To do this, be-
gin by carefully lifting the film from
the blank. Figure 3 shows a blank
that has an image successfully trans-
ferred onto it. If you’re lucky, your
complete conductor pattern will be
fused onto your blank with-solid and
sharply defined lines and pads. Con-
tinue to handle the blank only by its
edges, since the coating can chip off
the copper cladding at this stage.
Your first -attempt at transferring
may result in a less-than-perfect ef-
fort. Differences in such factors as
iron temperature, blank size, amount
of pressure, and original pattern
quality may cause differences in re-
sults. However, with a little practice
and experimenting, you should be
able to .develop a technique that
works reliably for you every time.
Here are some tips on what to do if
your pattern transfer was flawed:
o If just a few small areas fail to
transfer, you can transfer them by re-
positioning the film and touching the
missed sections with the tip of a heat-
ed iron. Alternatively, you can draw
in missing sections onto the copper
cladding with a resist pen.
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e If large sections of the image fail to
transfer from the film to the pc
blank, or if the lines and pads in your
image came out smeared or broad-
ened on the blank, you’re better off
starting over. You’ll need another
conductor pattern photocopied onto
the TEC-200 film, of course, but you
can reuse the pc blank—and even the
film if you properly clean all toner
from it first.

¢ If your first try yields an incom-
plete image on the pc blank, next
time use more heat or pressure as you
perform the transference. If this is
the problem, turn up theirontemper-
ature slightly, heat the pc blank for a
slightly longer time, work more
quickly in positioning the film with
the conductor-pattern image on it on
the blank and transferring with the
brayer, or use slightly more pressure
on the film with the brayer or iron.

o If the lines in the image aren’t sol-
id, you can also try the above sugges-
‘tions for increased heat or pressure,
or use an original image with better
contrast. If the lines are smeared or
broadened, use less heat or pressure.
In this event, lower the temperature
of your iron or use less pressure on
the film with the brayer or iron.

e If you encounter any difficulties
and must start over, remove the pat-
tern from the pc blank with a mild
abrasive cleanser-or scouring pad, or
use an organic solvent, such as ace-
tone or paint thinner, following man-
ufacturer’s precautions. Clean the
blank as detailed above, finishing
with a final cleaning with isopropyl
alcohol, and you’re ready to try again.

When the image is successfully
transferred onto a pc blank, etch and
drill the board as usual. Follow the
-directions with the etchant of your
choice, or see ‘“Making Printed-Cir-
cuit Boards the Old-Fashioned Way”’
by Anthony Caristi in the December
1988 Modern Electronics.

After etching and rinsing the
board, remove the resist pattern
from the remaining copper on the
board (it’s now a board, no longer a
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