Fig. 1
negative (b.) contact printed on Ortho A Litho
fitm.

— The art work (r.} and the resuiting
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Fig. 2 = Some of the drafting aids which e
available,

Fabrication of Printed-Circuit Boards

BY E. R, V. ANDERSON* KAAWG

FOUR PRINCIPAL ways to fabricate printed

circuit bourds are available to the amateur.
Fach one requires a certain amount of skill
avguired through practice; in addition, some
knowledge of drafting, phatography, and elec-
tronic circuit building ix helpful in developing
self-assurance in the waork, Hut after the various
techniques are mustered, numerous projects be-
voms possible using these same skills.

The first technique, and probably the meost
applicable to the needs of the amateur experi-
menier, is SCREEN PROCESS PRINTING. This
pracess s also called $1DK SCREENING, since the
sereens wern onlginally made of sitk stretehed on a
wood frame. We now have screens made of
monotilament wwnthetic fthers, as well as of metal
cloth, and these have characteristics which are
stipetior in some respects for the sereening process,

In this process, a stenctd of the  vireuit
inferconnections s made and applied to a porous
soreen, Etcheresist tacquer is squeegend throngh the
stencil and screen onto 2 copper-clud board, a
positive print in the vtcheresist matenal being
uabtained. After drying, the board is immersed in
eteching solution which temoves the unprotected
copper, leaving the printed circuid,

A second and important technique is PHOTO-
SENSITIVE RESIST printing. The copper-clad
hoard I8 vovered by o light-sensitive chemical
voating and is then exposed through a phota-
graphic negative to ultraviolet light. After develop-
went by a special solution, a positive image of the
circuit s left in the etch-resist matertal on the

. F 116800 Wilshire Blvd., Suite 326, Lous Angeles,
CA 90025,

24

copperclad board, Copper-vlad hoards may he
obtained already coated by the manufacturer, or
the coating material may be obtaned in spray cans
ot in bulk, to be applied by the technictan,

While this wmethod is direct and simple, the
details for obtaining good sesults regaire rigid
control. In addition, the cost of materals s
greater; only one board at a ime can be made: and
auxiliaty equipment, such as an vven for controlled
drying, is desirable.

A third method nvolves the application of a
metallic-sitver lacquer through a stencil dirceily
onto plain unclad boards. The material may be
sprayed on, ur applied by screen-pracess printing,
vreating the cireurt directly without etching.

The fourth method is to apply the cloh-rosist
muterial by hami, as desenbed in Q87T 12 This
works well, but is much more Hme consuming and
is much less aceurate in small detatl,

[ the paragraphs which follow, the steps for
sereen  process peinting are described in detail,
They are:

i Preparation of the artwork.

2t Preparation of the stencil,

3) The application of the etch-resist to the
copper-clad boand. (Bourds clad with poid,
silver, or other metals are also used.)

41 Fiching the copper away.

51 Drilling the board to permit mounting wuf
the circuit components.

£ Finwl assembly und testing,

L Sehiebuld, *‘Fast *n’ Kasy Printed Cireuit
Boards,™ ST, August, 1469, Also see Fisk, “Sheet.
Frisket for Etehed Cirenit Boar Technical
Corgespondence, O8T, November, 1969, p, 45,

DeMaw, “Eiched-Circuit Boards — Make ‘em
at Home,” QS’”IZ January, 1970,
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Fig. 3 — The finished art work for the front of the
board using drafting aids.

Step 1 - Preparing the Art Work

While preparing the art work, g schematic of
the circuit to be designed must be availuble for
frequent reference. By “'cut and frv’ methods, the
components are armanged to determine what size
board will be necessary to accommuodate a given
circuit, A modest amount of pructice will be
reguired to find the most ceenomical layout
without crossing  connections.  When  crossed
connections are unaveidable, they can be made by
using wire jumpers on either side of the hoard.

Grid dratting paper, and grid Mylar (sec Fig. 1),
mrked in €h2- or 0. F-inch squares sire available at
the dreatting supplics store. The author does the
preliminary layout on paper becsuse many starfs
will be made before the optimum design i arrived
at, The grid permits accurate dhnensioning of the
various components. A 1/2-watt resistor, tor
example, requires /2 inch between connectors,
when it is mounted flat. An 1C dual-indine package
has seven or eight pins on a side, spaced 0.1 inch
apart, cach row separated by .3 inch, The size of
the art work muost remain securute but large
cnough to be worked ewsily. The author therefore
dusigns the fayout ot exactly twice the size of the
final circuit board; afterwards by photographic

reduction, a negative and positive transparency ot

the tinal circuit are obtained.

A statement concerning drafting aids shoudd be
e here, Tapes of various widths, as well ax
terminal rounds, corner pieces, sod socket lavouts
tor 1Cs, transistors, and tubes, are availablc, These
are black and have adhesive materigl on the reverse
side. If they are used mnstead of attempting to draw
the  design, neat, precise,  and  professional-
appearing art work can be achicved with Jittle
drafting experience, Fig. 2 shows some of these
aids.

After the finad design is on paper (usually after
many hanges), the kyeut is reprodoced on the
wrid drafting Mylar, with the grid serving to
position the components. The interconnections are
then made with deafting tape, after whivh the
unused arcas of the wurk wre blacked out with
india ink or poster paint { Iig, 3,

It is well to prepare the Mylar before drafting
begins, The Myvlar and a picce of white art bourd
are cut to exact size und sandwiched together with
double-sided adhesive tape {I7tg. 1), The design on
My lar with o white backing is finally mounted on a
sheet of black art paper. so that the reducing
cumerz sees only 4 black and white  positive
rendition of whai i~ to be the circuit board (Fig.

Fig. 4 — The zael und camera arrangement for
photegraphic reduction of the art work,
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3L The next step is to ohtain positive
transparency, produced photographically at exact-
lv & two-to-one reduction in size. All biueprint
firms have these focibties wid will perform the
wurk at moduest cost. 3

1t both sides of the bourd are to be etched, the
wyister for printing the reverse side must be
accurate, and two pieces of art work, one for the
tront side. the other For the reverse side most he
prepared. A negative transparency of the art work
(ig. 1) & used in preparation of the stencil for the
reverse side, so that every point where components
are {o be mounted will be free of copper, thus
preverting shorts to ground. Another scheme is to
profect the copper an the reverse side with
etoh-resist materind during the etching process, and
after dnlling, to mill or file wway by hand the
unwanted copper. Needless o sav, this latfer
mnethod is raiher laborious,

For one wishing to do his own photographic
reproduction, camery equipment und darkroom
facities must Le gvailable, The authoy uses the
following cyuipment:

Fb A d % S-inch Speed Graphiv camea with an

ti 32 127-mm lens.

21 okroom tacilities including a4 % S-inch

contact printer,

3) An easel coastructed in g home workshop

{liig. 4).

3 86,60 in Lios Anrgeles during [970,
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The easel can accommodate a drawing board upon
which the art work is attached, The camera is
mounted on a slide, su that the exact point for the
desired reduction and focus can be ascertained.
Preliminary  trial with rulers mounted on the
drafting board, and on the ground glass of the
camera, was helpful in this determination.

The photographs, hoth positive and negative,
wie prepared on lithographic copy film® which
renders blacks and whites only with no half tones,
The grid of the Mylar art work docs not
photograph un this film. Most ordinary films ase
panchromatic, recording shades of all colors, and
are not suitable for this purpose.

The exposure is made st £/32 to obtain the
shurpest focus, with two photoflood lamps as a
light swurce, each placed at 45 degrees and
approximately three feet from the art work (Fig.
4). The eaposure time is thice seconds with this
areangement. Special developer, producing high-
contrast negative or positive dransparencies with
compleicly opague blacks, is used. Thereatter,
processing is the same as in ordinary photography.
A contact print oo the same film provides the
positive  transpatency  necessary  to  make the
stencil.

Step 2 - Preparing the Stencil

McGraw  light-sensitive stencil material No.
45718 on stable-base vinvl {s available in large
sheets or in smaller packages designed for sehool

1 Kodak Kodalith Ortho Type 2, or DuPont
Cronar Ortho A Litho film.

H MeGraw Colorgrpph Co,, 1756 W. Verdugo
Ave., Burbank, CA 91502,

Fig. % — The positive transparency and stencil
material mounted in the frame, prepared for
exposure 1o ultraviolet ight,

graphic art courses. A chemical developer which is
dissodved in water, and afterwards stored in the
wekrigerator, is provided with each kit. Hvdrogen
peroxide, 3 percent, as purchased in the pharmacy,
serves just s well, if diluted to 1/2 percent and
discarded after cach run (one part of 3-percent
Halg to tive parts of wateri,

The steneil material s exposed to an uitraviolet
light source in an ordinary phofographic proofing
{rame provided with a Plexiglas front (Fig. 5), since
ordinary plass is opaque to ultraviolet light. The
orivntation of the positive transparency and of the
stencil material is important., The frame i3 opened
and placed with the Plexiglas side down on z flat
surface. The positive transparency is positioned on
the Plexiglas so thai when viewed from above, it
appeass Ian the right orientation (ie., not as the
mircor image of the art work). An ample picce aof
the unexpased stencil material is placed on top of
the transpatrency with the vinyl backing rext to the
film, and with the emulsion side of the matenal
uppermost. The back of the frame is then closed
and all is ready for the exposure.

The midday sun on a clear day at middle
fatitudes will expose the stencil material properly
in 30 to 60 seconds, Longer times will, of course,
be required for less intense sunlight, Since the
author works mostly at night, he uses a 15-watt
hlack-light Tluorescent lamp mounted in an
ardinary fixture (Fig. 6). A stencil exposed for 30
minutes, with eight inches between the printing
frame and the light source, develops m 2 to 3
minutes, Affer development, the stencil is washed
in hot water (110 to 120 degrees Farenheit) until
the unexposed material softens and washes away,
leaving the negative image on the vinyl backing,
‘the stencil must then be washed for several
minutes in cold water to harden the gelafin
tnaterial which constifutes the image. |

Our attention must next be directed to the silk
sereen (Fig, 7). The sereen may indeed be of silk,
graded as to fineoess of the mesh as “10XX™ or
F12XET Screens made of nvlon o metal ¢loth
have excellent characteristics, but ame more
expensive. The screen frame gencrally is not
ohtainabte in assembled form, so, if possible, one
should buy the screen at a sereen printing supply
store where the customer may watch the strefching
af the cloth. After observing the procedure once,
the amateur should be able to master the technique
vasthy.

A buack board made of 3/4-inch plywood, to
which the screen is attached, must be obtained.
Since vne must remove the screen from its baeck
bourd ut various stages of the process, hinged
lamps, called Jiffy clamps (Fig. 8), are desirable,

Fig. 6 - The ultraviolet light source and printing
frame set up for exposure of the stencil material,



Fig. 7 — The printing screen with stengil mounted
oh the back hoard by “'Jiffy* clamps,

Ordinary  hinges with removable pins will also
serve, A screen of something like §5 x 28 inches is
preferable to a smaller one. us it allows more space
for manipulation of the squeegee. A new seregn
must be scrubbed well with trisadium phosphate,
followed by un abrasive washing powder such as
Ajax, and thushed well afterwards to remove all
remnants of the washing compound. This pro-
vedure remaves any oily residue and sizing, as well
as foreign matter which might obstruct the mesh,
Furthermore, the stencil will not adhere properiy
to u puarly prepared screen,

The screen as well as the vinydhacked stencil,
which hy now has been prepared, shouid be wet,
The stencit is placed on a hard surtace, the stencil
side up 4and the vinvl backing down. The screen,
which has been detached from the back board, is
lowered curefully info contact with the steneil. The
area over the stencil is blotted with absorbent
paper toweling to insure intimate contact as well as
complete removal of all air bubbles. The screen is
then zllowed to dry. After the fipst 15 minutes,
under average conditions of heut and humidity, the
drying can be forced with the beated sir from a
hair drier. When the screen and  stencil are
completely dry, the viny) will come away, leaving
the stencil attached to the screen. Lf the vinyl does
not sepyrate easily, the screen is not dry enough.

Step 3 — Application of the Etch-Resist
to the Copper-Clad Board

This step in the process is perhaps the most
difficult, and requires considerable  skill.  An
vxtremely important consideration for success is to
have a scrupulously ciean copper-vlad board. kven
a finger print on the otherwise cleaned copper can
interfore with the ctehing process, The author
surubs the board with a suspension of pumice in
houschold ammonia, after which the board is
washed thoroughly and permitted 1o dry. Care
shauld be taken not to touch the cleanud surtace.

The area of the screen around the stencil is now
covercd with masking tape, so that the screen is

Fig. 8 — A close-up view of the "Jiffy " clamps for
holding the printing sceeen on the back hoard,
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protected trom the cteh-resist facyuer cvervwhers
except through the stencil (Fig 9. The register of
the print is determined by placing the cirenit baand
under the stencil in the best puosition, then sticking
it to the buse board with double-sided wlhesive
tape. Register gnides made of thick art paper. and
fixed with the <ume tape, are helpful, especidv it
more than ooe board is to be printed (bag 100

The cich-resist lacquer is obtained at the serern
printing supplics store, Tts consistency, when the
van is opened, may not be right for the pirpose,
The material can he treated with lacquer thinper,®
but only slightly, 1 it is too thick, i@ vinnot be
torced through the sereen property: i it s tos thin,
it will bleed out from the desired markings,
contaminating those portions of the buoand which
should  reomain dear. To  obtain the  proper
vonsistenty, place a portion of the facquer w
another vontainer. Thin this portion so that when
it is lifted from the main osss with the mixing
stick and allowed to Jdrip back, the brad will stand
above the surface for three or four seconds befon:
it graduully disappears.

6 Same lacquers reguire solvenls other than
common lacquer thinner, Be sure ta consuli the
manufacturer’s specification sheet for the partion-
lar brand of efch resist being used.

Fig. @ - The printing screen, the stencil masked
with masking tape, and squeegee, reody  for
printing,




Squeegeeing is the next siep in the process.
Plenty of paper tawels should be ag hand, 4» well as
# large Jisposable puper bag fo receive the soiled
materials at the end of the procedure.

To begin the printing, a line of lacquer is laid
neatly with the mixing stick at one cnd of the
stencil, on top of the masking tape. After charging
the squeegee with lacquer, it is drawp with fiom
pressure across the stencil. Prior to the pass, a
Hd-inch-thick strip of wood is placed under the
end of the swreen frame, so that the sereen does
not actually touch the work (Fig. 11). When the
pass ix made, the screen siretches down into
contact with the work, If more than one board s
to be printed, all boards should be clean wnd in
redidiness before the printing begins,

A numbey of soft, clean rags should be available
for the clean-up operation, The soiled masking tape
i stripped off the screen wnd thrown ioto the
paper bag. The screva is then cleaned with a cloth
saturated with lacquer thinner. The stencil is
duiable and should remain in good condition for
many printings.

When it is desired fo remove the stencit from
the screen, the soreen is serubbed briskly with a
detergent  containing an conzyme, bhut not a4
bleaching agent, A soft brush is used, A final
serubbing i given with Ajax  followed by 2
thorough rinsing of both sides with water, The
wreen is n1ow ready for the application of another
stencil,

Step 4 — Eiching the Copper

In the etching process, one of two solutions
may -be used, Fither works well when means ware
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Fig. 10 — The register margins prepared from
heavy art paper fastened to the hack board with
double-sided adhesive tape, & copper-clad board is
hown in place, ready for printing.

provided for agitation and warming furing the
process. These solutions are:

[y Ferric chioride, (I'eCig), 300 grams; water
tn make 1000 milliliters, (This quantity is
approximately 33 ounces.)

since the solution is acid, only earthen, glass, or
plastic containers should be used. Metal utensils
should not be permitied to vontact the solutions,
Needless 1o say, care must be exercised io protect
vlothing and eyes, and profonged contact with the
skin is not advisable.

2} Ammonium persulphate, (NHy)o 8203, 250
grams; mercuric chloride, (HgClg}, .060 grams
{60 mg); concentrated sulfurie acid (95
petcent), 15 milliliters; water to make (000
milliliters.

The water must be hot to get the salts to
dissolve. Mercuric chloride is a dangerous poison if
swallowed, so one should carefully wash his hands
after working with this solution. Kitchen utensils
should #ever be used and then returned to the
Litchen cabinet. These solutions are generally
available {(already prepared) ifrom elecironics
supply houses where printed circuit materials are
sold.,

Steps 5 and 6 — Drilling the Board
and Final Assembly

The etch-resist material is removed from the
vircuit bhoand with lacquer thinner, und again
cleaned with pumice in airmonia. For drilling. the
author uses a Dremel tool with a No. I dental burr.
Your dentist can order the burs for yvou from his
supply house at a cost of less than two dullars per
dozen. Carbide burrs are  also  available  at
approximately two  dollars cach. They remain
sharp, however - many times longer than steel
ones, even after drlling glassepoxy  boards.
Diamond burrs do not work well because they fail
to bite in quickly enough to deill an accurately
placed hole,

Final assembly, soldering, and testing follow, IF
the copper is clcaned well before the soldering
beging, the results will be superior. 1t the required
facilities ate available., Jdipping the board in hot,
molten solder, ufter liquid flux has been applied,
greatly  facilitates the soldering, Without the
molten soider, just painting the hoard with liquid
flux protects the exposed copper from oxidation
white “stulfing” and soldering is poing on, All
traces of chlorides shouid be removed, since they
ate the chief cause of subsequent corrosion in a
humid envirgnment. [HEF=]

Fig. 11 - The printing screen in position on the
back board, ready for printing. Note the wood
strip under the end of the screen. It is used fo
prevent the screen from touching the work until
the actual printing is done.
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