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INTRODUCTION

Etched circuits for mass production have advanced rapidly 

while circuitry for laboratory use has remained, for the most 

part, with conventional wiring. The use of present day com 

ponents with small physical dimensions lead to the utilization 

of etched circuits as a natural step in fabrication. This 

provides physical mounting of the components and simplifies 

the connections to the miniaturized elements.

Although there are many methods of applying conductive 

patterns such as, spray metalizing, painting, hot stamping, 

electroplating, vacuum metalizing, transfer printing, pressed 

powders and others, the etched circuit technique has proved 

to be the best method for producing circuit assemblies in 

small quctntities.

The method developed at the Health and Safety Laboratory 

for producing etched circuits for use in research and develop 

ment is described in this report in detail.

ADVANTAGES

While this method uses single sided circuit boards, in 

serts components by hand, and does not attempt to make etched 

components, there is the compensating advantage of considering 

superfluous many of the fine points of critical dimensioning 

and stability of the laminate, film, and master drawing
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materials. In using materials on the basis of ease of work 

ing, the dimensions stay well within the accuracy required. 

The unit cost is low, and even on simple circuits, is com 

parable to that of conventional wiring. It is fast with a 

reduced possibility of wiring errors. The circuits are small 

and have a minimum of dead space. An exact reproducibility 

of circuits is possible, which often is important. The cir 

cuit is rugged since loose wires are eliminated, and each 

component is securely mounted. In many cases, the circuit 

assemblies can be fabricated as plug-in units, thus reducing 

service "downtime" on a finished instrument. Also, the cir 

cuit board which has been removed can be repaired.

BASIC PROCESS FOR MAKING ETCHED CIRCUITS

A master is made at least double the size of the desired 

copper pattern. It is then reduced photographically to a 

full size negative. The selection of the copper clad lami 

nate is determined by the electrical and mechanical character 

istics of the base material and the desired thickness of the 

copper. The copper is cleaned and coated with a photosensitive 

resist exposed to ultraviolet light through the negative and 

the image is developed in the resist. The image is then 

etched by a copper etching solution. Holes are drilled for 

the components which are then inserted and the board is dip 

soldered. The etched circuit is now ready for use.
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Each step of this basic process is given below.

I. Preparation of the Circuit Master

While the possible circuit patterns are infinite, cer 

tain basic rules serve as a guide for laying out circuits 

of uniform quality and performance.

1. Standard sizes of circuit board for use with the var 

ious mounting techniques are desirable. Circuit mas 

ters with common outlines anc? connectors printed up 

in advance save time and unnecessary effort. Special 

sizes can be kept to a minimum.

2. Lay out the components and select the size board re 

quired (Figure 1). Draw the conductors using compo 

nents as jumpers. If this is not possible, use small 

wire jumpers. Rearrange components as the layout 

progresses. With experience, layout problems can be 

anticipated and fewer changes will be required.

3. Make the master double size on illustration board or 

card stock using black tape, lines, and circles 

(Figure 2). A double size template of frequently 

used components is an aid in making up the master.

4. Maintain a minimum of 0.1" spacing between lines

(Figure 3A) on the double size master. A 1/16" spacing 

on the finished board can be used with D,C. working 

voltage up to 500 volts based on the Underwriters



Laboratory formula for breakdown of twice the work 

ing voltage plus 1000 volts. When higher voltages 

are to be used, determine the spacing required on 

the basis of an additional 1/16" for each 500 volts 

between conductors on the finished board.

5. Place hole locations on a 0.2" grid pattern, with 

approximately 0.2" in excess of the lead spacing of 

the components where bending of the leads will be 

required.

6. Indicate the outside edges of the circuit board by 

a black line (Figure 3B). This line is sheared off 

in machining,,

7. Leave 0.03" clearance from the contacts to the edge 

of the board if a plug-in type connector is to be 

used (Figure 3C). This reduces the danger of peeling 

the copper pattern while inserting the board in the 

connector.

8. Maintain a minimum of 0.1" between the copper pattern 

and the edge of the board (Figure 3D).

9. Designate holes by a white dot in the center of a

black land area circle (Figure 3E).

10. Locate holes so that there is at least a distance 

equal to their diameter between their outside edge 

and the edge of the board.
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11. Letter the boards for identification with a LeRoy 

No. 140 guide using a No. 3 pen (Figure 3F).

12. Break up all large copper areas to reduce the pos 

sibility of blistering the base material and of 

solder globules forming when dip soldering (Figure 3G).

13. Indicate one critical dimension on the master for

setting camera to obtain a 2:1 reduction (Figure 3H).

II. Photographic Procedure

Set the camera using the indicated critical dimension 

on the master as a guide. (Since all masters are double 

size at this laboratory, a permanent copy stand, Figure 4, 

is used to set the master at the distance required for 

reducing the pattern to full size.) Use a high contrast 

film and develop it according to the process the manu 

facturer recommends.

III. Selection of Laminate Material

Laminate materials are selected on the basis of required 

mechanical and electrical properties. At the present time, 

there are many available laminates. Some of the most 

common bases are paper, linen, glass, and nylon. These 

bases are combined with phenolic, melamine, or epoxy type 

resins. Therefore, to select the proper laminate, find 

the required combination of electrical and mechanical
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properties at the best price. The Health and Safety Lab 

oratory mainly uses NEMA Grade XXXP paper base phenolic. 

For higher resistances, NEMA Grade G-5 glass base mela- 

mine or G-10 glass base epoxy is used.

IV. Preparation of the Copper Laminate

1. While the copper laminate comes in a variety of sizes, 

36" squares are convenient for handling and are com 

mercially available. Cut the laminate into rectangles 

approximately 1" larger than the circuit to be etched. 

This allows for clamping (Figure 5).

2. Degrease the laminates in a commercial solvent. A 

standard vapor degreaser with trichlorethylene is 

more than adequate.

3. Allow a few minutes for the plates to dry by evap 

oration.

4. Deoxidize the copper surface in a 5% hydrochloric 

acid solution or a commercial copper cleaner.

5. Remove the acid by washing the board with running water,

6. Dry the plates thoroughly with hot air or by wiping. 

Care should be taken to insure that lint and dust do 

not settle on the copper surface.

One step often recommended is scouring the copper with 

pumice to remove oxidation prior to sensitizing. This
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is not necessary unless the plate is seriously dis 

colored. However, if boards are to be stored for a long 

time, laminates are available with the copper precleaned 

and protected by a plastic film which is easily stripped 

off before use.

V. Sensitizing the Boards

At the Health and Safety Laboratory, Kodak photo resist 

is used. This permits the image to be dyed for inspec 

tion before etching. 

A. Application of Kodak Photo Resist

1. Dip coat the plates by clamping two single-sided 

plates back to back and dipping them in a tank 

of photo resist.

2. Stand or hang the plates vertically until the 

photo resist sets (Figure 6).

3. Dry plates completely with forced warm air at

100  - 150 F. for five minutes. 

B. Exposure of Photo Resist

1. Expose the plates to ultraviolet lamps (Figure 7) 

or an arc light, since photo resist is relatively 

insensitive to incandescent light.

2. Make test exposure strips at one, two, and four 

minutes and ascertain the optimum exposure by 

developing the plates. If an optimum exposure
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cannot be determined, it is probably due to im 

proper preparation of the plates, 

a. Underexposure produces a washe<l-out images

with breaks in the lines of the pattern, 

b. Overexposure produces a plate , from which

the photo resist cannot be removed completely, 

blocking portions of copper to be etched. 

C. Developing Photo Resist

1. Immerse the sensitized plate in photo resist de 

veloper for two minutes. Use intermittent agita 

tion and exercise great care not to touch the 

image which is very sensitive during developing.

2. Give the surface a final rinse with clean developer.

3. Air dry the laminate.

4. Dye the image by immersing the plate in photo 

resist dye for 30 seconds. The dyeing step is 

optional but offers a very good means of bringing 

out the image for inspection prior to etching.

5. Wash the plate for one minute under a strong stream 

of warm water to remove any remaining unexposed 

photo resist and dye.

6. Dye the laminate by blotting or with forced warm 

air.

7. Touch up minor breaks or pin holes in the circuit
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pattern by applying photo resist with a fine 

brush. Scrape away any unwanted photo re 

sist with a sharp knife or razor.

VI. Etching

1. Immerse the boards in a plastic tank of ferric 

chloride, 40  Be (photo engravers 1 iron perchlo- 

ride) and agitate the solution frequently (Figure 8) 

The etching takes about 25 minutes for one ounce 

of copper in fresh solution at room temperature. 

This is one of the simplest methods of etching. 

Use of an air bubbler to agitate the solution re 

duces etching time and produces a more uniform 

etching. There are also many other refinements 

possible to speed the etching process and prolong 

the life of the solution, but, for the most part, 

these do not represent a saving in time or money 

for the etching workload in a laboratory.

2. Avoid overetching since it will reduce the width 

of lines and lettering 

3. Thoroughly wash the board under running water to 

remove all traces of the etching solution before 

it dries and forms an insoluble film that must be 

removed chemically. This film causes a loss of
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electrical resistance of the board.

4. Spent solution may not be discharged into the nor 

mal drains, and local ordinances on pollution must 

be considered.

VII. Machining

1. Shear off the excess border material. Although

this can also be done by sawing, milling, or filing, 

shearing is fast, produces a clean cut, and is ac 

curate enough to maintain the required dimensional 

tolerance. However, care should be taken in shearing 

to keep the board at the proper temperature. Base 

materials are available that can be sheared at room 

temperature. However, heating the stock to approxi 

mately 120 F. produces a cleaner cut.

2. Form male connectors on the circuit board by shearing 

with a notcher.

3. Drill holes in the center of the land area for com 

ponent leads with a #60 drill. This size drill 

should prove large enough for most of the components. 

The potentiometer, terminal, and larger holes will 

require proper size drills (Figure 9).

4. Check the boards for oxidation. Slight discoloration 

does not interfere with the soldering since it will 

be removed by the flux. To remove heavy oxidation,
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rub the copper pattern lightly with fine steel wool 

or use one of the chemical cleaners.

5. Insert tne components into the noles from the re 

verse side of the copper pattern (Figure 10).

VIII. Dip Soldering

1. Use a 60/40 solder which approximates the best

straight tin lead alloy solder of eutectic compo 

sition of 63% tin and 37% lead.

2. Heat the solder pot to 525 F. or to 575 F. Exces 

sive heat will damage the base material. Heat should 

not be confused with temperature however, since less 

damage will be done the base material in 3 or 4 sec 

onds of soldering at 550 F. than in 15 or 20 seconds 

of soldering at 450 F.

3. Stir solder when completely molten and skin dross

periodically. Also, hold the solder pot temperature 

at 525  to 575  to secure efficient sweating action 

without horns and webs forming.

4. Saturate a piece of felt with a liquid flux and

touch the board down on it. Flux can also be applied 

with a brush.

5. Air dry the flux until it is slightly tacky.

6. Place the circuit board in the holder to prevent 

buckling from uneven expansion when dip soldering
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(Figure 11).

7. Place the circuit on the surface of the solder from 

an initial contact angle of about 10  (Figure 12) 

to permit fumes from the flux to escape. Fumes 

trapped between the circuit board and the solder 

may prevent proper solder wetting.

8. Float the circuit board gently back and forth on

the surface of the solder to dissipate any remaining 

fumes and allow the solder to adhere evenly to the 

etched pattern. For solder at 550 F., this process 

should take only 3 or 4 seconds.

9. Allow board to cool and then remove any flux re 

sidue with a flux remover. Experience has shown 

that flux residue interferes with circuit operation. 

10. File or buff off solder on plug contacts. By placing 

tape across the contacts before fluxing , they will 

be free of solder and this step can be eliminated.

SUMMARY

A method developed at the Health and Safety Laboratory 

for producing etched circuits in small quantities has been 

described. It is a simplification of the techniques and 

standards employed in mass production. Etched circuits pro 

duced in small quantity for laboratory use are relatively
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inexpensive, fast, less prone to error, more rugged and 

compact, and easier to repair than circuits produced by 

other methods.

The major steps in production are:

1. Lay out of master; double the circuit size.

2. Photographic reduction to full size negative.

3. Selection of proper copper laminate material.

4. Cleaning and coating of copper with photo 

sensitive resist.

5. Exposure of plates to ultraviolet light.

6. Development of pattern on copper plate.

7. Etching the circuit pattern in the copper.

8. Shearing and drilling.

9. Mounting the components.

10. Dip soldering the circuit to join all components 

into the final product.

This procedure has proved successful in the production 

of interchangeable and reliable circuits in both unit and 

small production quantities.
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MATERIALS REQUIRED

This is not a complete list of sources of materials, 

and is not intended as recommendation but rather as a 

guide from which to work when no other information is 

available.

1. Any copy camera with film size large enough to ac 

commodate finished circuit board (4 x 5 or larger 

camera) with facilities to develop film.

2. White card stock or illustrator's board for laying out 

master.

3. Black tape and circles - W.H. Brady Co., 727 W. Glendale 

Avenue, Milwaukee 12, Wisconsin; 21-15 Bridge Plaza N., 

Long Island City, New York, EX 2-2000.

4. Copper laminate - The Formica Co., 101 Park Avenue, 

New York 17, New York, MUrrynill 3-7934; Westinghouse 

Electric Corp., 40 Wall Street, New York, New York, 

WHitehall 3-4321; The Richardson Co., 75 West Street, 

New York 6, New York, WHitehall 4-6464; Synthane Corp., 

20 Studio Arc, Bronxville, New York, DEerfield 7-2012.

5. Photo sensitive emulsion - LePage's Glue Co., 7 Dey Street, 

New York, New York, WOrth 2-23,40; Eastman Kodak Co., 1 West 

39th Street, New York, New York, LOngacre 4-6240.

6. Ferric chloride 40  Be (photo engravers iron perchloride)-
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P.A. Hunt Co., R.C.E. solution, Roosevelt PI., Palisades 

Park, New Jersey, New York phone LOngacre 5-7654; 

National Steel and Copper Plate Co., 653 10th Avenue, 

New York, New York, Cl 5-8822.

7. Soldering Pot - Vulcan Electric Co., 420 Lexington Avenue, 

New York, New York, LExington 2-0806.

8. Solder Flux - Kester Solder Company, 88 Ferguson St., 

Newark, New Jersey, MItchell 2-0246; Fairmount Chemical 

Company, 136 Liberty Street, New York 6, New York, 

BA 7-6375.

9. Solder - Kester Solder Co., 88 Ferguson St., Newark, New 

Jersey, MItchell 2-0246; Bow Solder Products Co., 251 

Freeman Street, Brooklyn, New York, Evergreen 9-4863. 

10. Copper Cleaner - Clarkson Laboratories, Inc., 920-930 N. 

Darien St., Philadelphia 23, Pennsylvania^ MArket 7-6764.
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FINISHED BOARD

COMPONENT SIDE
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FIG. 2
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FIG. 4-CAMERA 8 STAND
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FIG. 10- COMPONENTS INSERTED
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