
Chapter 38

Printed Circuit Board Fabrication



Objectives

• After completing this chapter, you will be 

able to:

– Describe the fundamental process for making 

a printed circuit board

– Design and lay out a printed circuit board from 

a schematic diagram

– Discuss how to transfer a design to a copper-

clad board using hand transfer, direct transfer, 

or screenprinting technique



Objectives (cont’d.)

– Identify techniques to remove the excess 

copper from a copper-clad board on which a 

design is formed

– Explain how to drill the appropriate holes in an 

etched printed circuit board

– Identify the purpose and parts of a material 

safety data sheet (MSDS)



Figure 38-1. Copper-clad board which is made into a printed circuit board.

Fundamentals



Fundamentals (cont’d.)

Figure 38-4. Example of an etched printed circuit board.



Fundamentals (cont’d.)

Figure 38-5. Printed circuit board that has been etched and resist removed.



Fundamentals (cont’d.)

Figure 38-6. X-ray view of a printed circuit board layout from the component side.



Fundamentals (cont’d.)

Figure 38-7. Examples of the component layer on printed circuit boards.



Fundamentals (cont’d.)

Figure 38-10. Vias connect the top to the bottom trace of a printed circuit board.



Schematic Diagram

Figure 38-11. Block diagram.



Schematic Diagram (cont’d.)

Figure 38-12. Label common signals in digital circuits.



Schematic Diagram (cont’d.)

Figure 38-13. Signal flows from left to right, 

voltage potential has highest potential at top.



Figure 38-14. Use signal abbreviations rather than draw a maze of lines.



Schematic Diagram (cont’d.)

Figure 38-15. Label components starting at the left side 

and move top to bottom repeating across the schematic.



Breadboarding

Figure 38-19. Solderless breadboards.



Figure 38-20. Using paper dolls for laying out a printed circuit board design.



Laying Out Printed Circuit Boards

(cont’d.)

Figure 38-22. Single-sided printed circuit board using jumpers.



Transferring Designs

• Hand-draw the design on the board

– Resist pen 

– Permanent marker with a very fine tip

• Positive film transparency

• Screenprinting



Etching Printed Circuit Boards

• Techniques for removing excess copper

– Use a mild acid such as: 

• Ferric chloride

• Ammonia persulphate

– Use a CAD type program and a CNC 

(computer numerical control) machine



Figure 38-28. Examples of commercial spray etchers.



Figure 38-32. High-speed drill for drilling holes in a printed circuit board.

Preparing the Etched Printed 

Circuit Board



Preparing the Etched Printed 

Circuit Board (cont’d.)

Figure 38-33. Removing burrs from drilled holes.



Material Safety Data Sheet

• MSDSs should be kept on file

– To help protect from injury and exposure 

hazards

– It is required by law



Summary

• A schematic diagram should show the 

entire circuit in as few drawings as 

possible

• Transferring the artwork to a copper-clad 

board

– Can be done by hand, with transparency film, 

and through screenprinting



Summary (cont’d.)

• To remove copper from a copper-clad 

board to form a printed circuit board

– Use a mild acid or a CAD-type program with a 

CNC machine

• Use a high-speed drill for drilling all holes 

in a printed circuit board

• Material Safety Data Sheet (MSDS)

– Data needed for the safe handling and 

storage of the hazardous substance



Chapter 39

Printed Circuit Board Assembly 

and Repair



Objectives

• After completing this chapter, you will be 

able to:

– Describe the items in an electronics 

technician’s toolbox and explain their function

– Identify the different types of test equipment 

used for troubleshooting

– Identify the purpose of different types of 

soldering irons and tips



Objectives (cont’d.)

– Describe proper soldering iron tip care

– Describe how to solder components on an 

etched printed circuit board

– Identify the appearance of a properly soldered 

connection

– Understand and observe all safety 

precautions associated with the fabricating, 

assembly, and soldering of a printed circuit 

board



Objectives (cont’d.)

– Discuss the importance of electrostatic 

discharge (ESD)



Figure 39-1. Tools used by an electronic technician 

for printed circuit board fabrication and repairing.

Electronics Technician Toolbox



Figure 39-1. Tools used by an electronic technician 

for printed circuit board fabrication and repairing. (cont’d.)



Figure 39-1. Tools used by an electronic technician 

for printed circuit board fabrication and repairing. (cont’d.)



Figure 39-5. Test equipment used by an electronic technician for 

determining proper operation, alignment or troubleshooting of a circuit.

Electronic Test Equipment



Figure 39-5. Test equipment used by an electronic technician for 

determining proper operation, alignment or troubleshooting of a circuit.

(cont’d.)



Electronic Test Equipment 

(cont’d.)

Figure 39-6. Oscilloscope probe.



Solder and Soldering Irons

Figure 39-9. Example of low-wattage pencil soldering iron.



Solder and Soldering Irons

(cont’d.)

Figure 39-12. Soldering iron tips.



Solder and Soldering Irons

(cont’d.)

Figure 39-13. Idling soldering iron.



Soldering a Printed Circuit 

Board

Figure 39-18. Example of a good solder connection.



Soldering a Printed Circuit 

Board (cont’d.)

Figure 39-19. Place the soldering iron tip at the 

junction of lead and the pad with no pressure.



Analyzing Soldered 

Connections

Figure 39-24. 

Characteristics of a 

solder connection.



Protective Coatings

• Conformal coatings

– Nonconductive materials applied in a thin 

layer

– Provide environmental and mechanical 

protection

– Applied by dipping, spraying, or flow coating



Safety Precautions

Figure 39-25. Hazards of current flow through the human body.



Figure 39-27. Potential electrostatic sources.

Electrostatic Discharge



Electrostatic Discharge

(cont’d.)

Figure 39-28. Electrostatic charges in the work environment.



Electrostatic Discharge

(cont’d.)

Figure 39-29. Semiconductor devices that 

can be damaged by electrostatic discharge.



Electrostatic Discharge

(cont’d.)

Figure 39-30. Antistatic work station.



Summary

• Test equipment is used by an electronics 

technician to determine proper operation 

of a circuit, align components, or 

troubleshoot

• The basic goal of soldering is to 

electrically and mechanically join circuit 

components to the printed circuit board



Summary (cont’d.)

• A pencil soldering iron is the primary tool 

used in hand soldering

• A properly soldered connection will be 

bright and shiny

• Safe work habits are required to succeed 

in the electronics field

• An ESD latent discharge will result in a 

device working properly but failing later



Chapter 40

Basic Troubleshooting



Objectives

• After completing this chapter, you will be 

able to:

– Develop common troubleshooting techniques

– Identify the effects of a short in a circuit

– Identify the effects of an open in a circuit



Objectives (cont’d.)

– Describe the effects of aging on component 

tolerances in a circuit

– Discuss why documents should be kept for a 

circuit



Tools for Troubleshooting

• Only make a measurement when normal 

value is known

• Ohmmeter

– Determines an open or short circuit

• Voltmeter

– Measures voltage drop across a component 



Tools for Troubleshooting

(cont’d.)

Figure 40-1. Ohmmeter



Tools for Troubleshooting

(cont’d.)
• Ammeter

– Measures current flow 

• For entire circuit

• Through individual components

• Oscilloscope

– Essential for advanced troubleshooting

– Detects presence or absence of a signal



Tools for Troubleshooting

(cont’d.)

Figure 40-4. Oscilloscope



Tools for Troubleshooting

(cont’d.)
• Isolation transformer

– Isolates circuit that does not use a 

transformer for its power supply

• Soldering iron, solder, and desoldering 

tools

– For removing and replacing components in a 

printed circuit board



Tools for Troubleshooting

(cont’d.)

Figure 40-5. Isolation transformer.



Tools for Troubleshooting

(cont’d.)

Figure 40-6. Tools for successful repairing of a printed circuit board.



Figure 40-7. Types of wiring diagrams.



Isolation Techniques for 

Effective Troubleshooting
• Step one

– Manually check the printed circuit before 

power is applied

• Step two

– Apply power to determine if an electrical 

problem exists



Isolation Techniques for Effective 

Troubleshooting (cont’d.)
• Step three

– Troubleshoot

• Eyesight, smell, listen, and touch

• Step four

– Determine if circuit will work when exposed to 

its environment



Common Types of Defects

Figure 40-8. Common defects of printed circuit board assembly.



Common Types of Defects

(cont’d.)

Figure 40-9. Open on a printed circuit board.



Common Types of Defects

(cont’d.)

Figure 40-10. Shorts on a printed circuit board.



Troubleshooting Tips

• Start with the power of observation

• Do not assume a problem is complex

• If a problem is difficult, step away to think

• Touch a ground point to prevent ESD



Documentation

• Schematic diagram

– Most important document when 

troubleshooting

– Shows how circuit is connected

– Shows voltage drops in a circuit

– Shows waveforms at various test points

• Secret of successful troubleshooting

– Good documentation



Summary

• Only make measurements when the 

normal value is known

• An ohmmeter is useful for detecting opens 

and shorts

• Schematic diagrams are necessary for 

troubleshooting a circuit

• A short circuit has zero ohms resistance



Summary (cont’d.)

• An open circuit has an infinite resistance

• Resistors may increase or decrease in 

value through age or circuit defects

• Never start troubleshooting with test 

equipment

– Always start with analytical thinking

• The secret of successful troubleshooting is 

good documentation for future reference


