


i

Preface



Preface

ii

This Page Intentionally Left Blank



iii

Preface

T



Preface

iv

Newnes

An imprint of Elsevier

Linacre House, Jordan Hill, Oxford OX2 8DP

30 Corporate Drive, Burlington, MA 01803, United States.

First  edition 2005

Copyright © Keith Brindley 2005. All rights reserved.

The right of Keith Brindley to be identified as the author of this work 

has been asserted in accordance with the Copyright, Designs and 

Patents Act 1988.

No part of this publication may be reproduced in any material form 

(including photocopying or storing in any medium by electronic means 

and whether or not transiently or incidentally to some other use of this 

publication) without the written permission of the copyright holders 

except in accordance with the provisions of the Copyright, Design and 

Patents Act 1988 or under the terms of a licence issued by the Copyright 

Licensing Agency Ltd, 90 Tottenham Court Road, London, England W1P 

4LP. Applications for the copyright holders’ written permission to 

reproduce any part of this publication should be addressed to the 

publishers.

British Library Cataloguing in Publication Data

A catalogue record for this book is available from the British 

Library

ISBN 0 7506 67362

Typeset and produced by Co-publications, Loughborough

For information on all Newnes publications 

visit our website at www.newnespress.com



v

Preface

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii

1. Practical electronics construction  . . . . . . . . . . . . 1

2. Tools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

3. Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

4. Printed circuit boards  . . . . . . . . . . . . . . . . . . . . . 73

5. Soldering  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

6. Housings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177

8. Projects  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193

Component suppliers . . . . . . . . . . . . . . . . . . . . . . . . . . 221

Index  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225



Preface

vi

This Page Intentionally Left Blank



vii

Preface



Preface

viii

Running to keep up…

http://keithbrindley.members.beeb.net

As you make it…



1

Introduction

1

Introduction



Starting Electronics Construction

2

not
work

Electronics
construct

What do you need to know about making an electronic device?

So, what is an electronic device?

An electronic device invariably has three main features:

NUMBER 1 Electronic components. An electronic device is anything that 

incorporates electronic components of any description.

NUMBER 2 A printed circuit board. The electronic components which 

make up an electronic device are mounted upon a printed circuit board

— (often called just a PCB), which is a means of holding all the components 

securely while at the same time making the necessary electrical connections 

between them all.

NUMBER 3 A housing. The printed circuit board, together with all the elec-

tronic components that it holds, will be housed in a box, or a module, or a 

case. In this way the electronic components are protected from damage.

So, what’s next?
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Introduction

FIGURE 1.1 An example of an electronic device — note the electronic components, the printed circuit 
board, and the housing

Electronic components

all

can

Printed circuit boards
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Housings

What have we learned?

good



5

Tools
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Tools

could

Tools you absolutely, positively, indisputably, and without a doubt need:

SOLDERING IRON — to solder components into place. The connecting 

lead of each component must be soldered into place on the printed circuit 

board. A specialized soldering iron must be used — one that is neither too 

big nor too powerful to harm either the component or the circuit board

MINIATURE SIDE-CUTTERS — to cut wire or component leads. While

constructing an electronic device, there will be many wires to cut to size. 

Each component mounted on the printed circuit board needs its leads trim-

ming close to the board after soldering

MINIATURE LONG-NOSED PLIERS — to form leads. Component leads 

are formed to the correct shape for mounting on a printed circuit board with 

small, long-nosed pliers. Larger components and many controls are attached 

with nuts and bolts, so a larger pair of long-nosed pliers is also needed

CONTINUED…
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…CONTINUED

WIRE-STRIPPERS — to strip insulation from wires. Insulation must be 

removed from wires prior to soldering, and gripping the wire in your teeth 

before pulling the insulation off isn’t the best method. A good pair of wire-

strippers solves the problem and keeps your dental bills as low as possible

SOLDER REMOVAL TOOLS — to err… remove solder. At some point or 

other, you will need to remove solder from a soldered joint, usually to take 

out a component you have accidentally put in the wrong place, or to replace 

a faulty component. Some type of solder-removal tool is required, allowing 

you to extract the component’s leads

DRILLS AND BITS — to err… drill holes. Every component lead goes 

through a hole in the printed circuit board. Each hole must be drilled. Com-

ponents not mounted on the printed circuit board are usually mounted on 

the housing, usually with nuts and bolts, and holes for these must be drilled 

in the housing

SAFETY GOGGLES — to protect your eyes. Some of the processes 

involved in electronics construction may create potential hazards. You need 

to protect yourself! Goggles should be used when undertaking any process 

Tools you don’t exactly need — but which make some jobs easier:

PLIERS — ordinary hand pliers

FILES — 

PUNCHES — for making some larger holes in housings

VICE — to hold housings while working

A STAND — to hold printed circuit boards.
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Tools

The Tools

Soldering irons

what

FIGURE 2.1 A typical soldering iron — the main parts of which are (from left to right): the bit; the 
heating element; the handle. This particular soldering iron is mains-powered, so you can also see the 
mains lead exiting the handle at the right.
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Soldering iron types

Mains-powered irons

Rechargeable irons

FIGURE 2.2 Rechargeable soldering iron in use. To conserve batteries, the element only heats up 
when the button on the handle is pressed — heating rapidly to soldering temperature within seconds. In 
the background is the base station which recharges the soldering iron’s batteries.
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Tools

Gas-powered irons

FIGURE 2.3  A gas-powered soldering iron. Small and portable, these can be recharged from lighter 
fuel butane gas containers.

Low-voltage irons

Soldering iron stations
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FIGURE 2.5 A soldering iron station, showing the iron itself in a stand, and the control knob to set bit 
temperature (Antex Electronics).

FIGURE 2.4 A 12 V-powered soldering iron. The battery clips on the lead attach to a car’s battery for  
(relatively) portable power.

Soldering iron bits
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Tools

FIGURE 2.6  Typical sizes of soldering iron bits.

• it determines how much of the heat generated 

by the iron’s element passes to the bit’s tip 

— and hence to the joint to be soldered

• it determines how easy it is to remove the bit 

— important if you are to solder different types 

of joints (for example, a bit with a smaller 

when you need to replace an old and worn bit.
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FIGURE 2.7 A soldering iron whose bit slides over the element. The bit is easily removed and/or 
replaced, and provides an efficient heat transfer between the element and the bit’s tip.

FIGURE 2.8 The unified element/bit of the rechargeable soldering iron shown in Figure 2.2 fits to 
the soldering iron’s body by pushing in the two prongs.
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Soldering iron accessories

Soldering iron stand

FIGURE 2.9 A soldering iron stand. This particular stand features a sponge.

Sponge

do



Starting Electronics Construction

14

Tip tinning and cleaning block

FIGURE 2.10 Using a tip tinning and cleaning block to err... clean and tin a hot soldering iron bit tip.

Abrasive
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Tools

FIGURE 2.11 An abrasive fibreglass pencil in use — note the residue, which is of fibreglass origins.

FIGURE 2.12 An abrasive scrubbing block.

is

Abrasive scrubbing block
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Chemical solvent cleaners

Heat shunt

Take Note:

Having said all that, I am duty-bound to say that I have 
never owned a heat shunt, I have never even used a 
heat shunt, and I don’t think I will ever use a heat shunt. 
All but a very few electronic components are fairly 
heat-resilient after all, and as long as the soldered joint is 
performed rapidly and without leaving the soldering iron 
in place on the joint too long, then excessive heat should 
not be a problem.
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Tools

FIGURE 2.13 A heat shunt.

Side-cutters

are

good

not
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FIGURE 2.14 A good quality pair of miniature side-cutters. After your soldering iron, it’s the tool 
you’ll use the most in electronics.

Long-nosed pliers

FIGURE 2.15 Miniature long-nosed pliers are extremely useful tools to keep in your electronics 
toolbox.
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Tools

not

Wire-strippers

FIGURE 2.16 Using a pair of wire-strippers to strip the insulation from the end of a wire, prior to 
soldering to a printed circuit board.
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Solder removal tools

that

FIGURE 2.17 Desoldering braid in action. The braid is heated by the iron’s bit, which in turn heats 
the solder on the joint to melting point, whereupon the solder is attracted to the copper wires in the 
braid.
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Tools

FIGURE 2.18 A desoldering pump in use. As the plunger returns to the top of the pump body, suction 
it creates sucks the molten solder on the joint inside the pump.

is
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Drills and bits

are

FIGURE 2.19 Using a hand-held low-voltage drill to drill holes in a printed circuit board.

¬ FYI

Make sure you keep a couple 

of  1 mm and 1.5 mm drills 

in your toolbox at all times 

– it’s useful when one drill 

breaks (which they invariably 

do at the wrong time) to have 

another one ready to use. Oh, 

and make sure all your drills 

are sharp. 
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Tools

do

Printed circuit board stand

FIGURE 2.20 A printed circuit board stand.
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IC insertion tool

dual-in-line

FIGURE 2.21 An integrated circuit insertion tool in operation.

IC extraction tool
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Tools

FIGURE 2.22 Using an extraction tool to pull out an integrated circuit — note the use of an integrated 
circuit holder, which means the integrated circuit itself is not soldered into the printed circuit board.

Terminal pin pusher

FIGURE 2.23 Terminal pin pusher — just put the pin loosely in place in the printed circuit board, then 
push home firmly with the pusher.
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Spot-face cutter

FIGURE 2.24 A spot-face cutter, used to break strips in stripboard.

¬ FYI

While stripboard is fine for 

prototype work, I would not 

condone it for use in a final 

project. Always use printed 

circuit board to produce best 

end results.
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Components

3

Components

Component types

• RESISTORS

• CAPACITORS

• SEMICONDUCTORS

• SWITCHES

• INDUCTORS

• CONNECTORS
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Resistors
the

FIGURE 3.1 Resistor symbols commonly found in electronic circuits (a) correct British standard 
(b) zig-zag shape also used.
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Components

Resistor types

Carbon resistors

FIGURE 3.2 Carbon resistors — illustration.

• TOLERANCE

• POWER RATING If too much heat 

• STABILITY
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FIGURE 3.3 Photograph of carbon resistors.

FIGURE 3.4 Metal film resistors — illustration.
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Components

FIGURE 3.5 Photograph of metal film resistors.

FIGURE 3.6 Wirewound resistors — illustration.

Variable resistors — potentiometers

potentiometers pots
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FIGURE 3.7 Photograph of wirewound resistors.

FIGURE 3.8 Symbols of (a) standard and (b) preset potentiometers.

logarithmic
log linear lin
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¬ FYI

Volume is a logarithmic variant, in so far as a doubling in 

volume means a 3dB louder sound. So a sound of  say 60dB 

is double the volume of  a sound of  57dB. Similarly, a sound of  

63dB is double the volume of  the 60dB sound. To represent 

and control this with a potentiometer, the potentiometer must 

have a logarithmically scaled track. Logarithmic and linear 

scaled potentiometers can be used and will work in circuits 

requiring the use of  the other type, but the characteristic of  the 

potentiometer control as you turn it will not be correct.

FIGURE 3.9 Potentiometers — illustrations: (a) front-panel fixing types — single- (top) and dual-
ganged;  (b) a preset potentiometer.
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FIGURE 3.10 Photograph of various potentiometers: single-gang, dual-gang, switched single-gang, 
together with preset potentiometers.

• BAND
resistor’s value

• BAND
resistor’s value

• BAND

• BAND
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Components

FIGURE 3.11 A resistor showing the four coloured bands that give its value according to the four-band 
resistor colour code detailed in Table 3.1.

Band 1 Band 2 Band 3 Band 4

Black

Brown

Orange

Yellow

Green

Blue

Violet

Grey

White

None
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Surface mount resistors
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Components

FIGURE 3.12 A typical surface mount resistor — colour coding or lettered markings may be used for 
component identification (but may not be...). Note that this is illustrated rather larger than full size 
— actual size is around 2 mm wide!

Thermistors

FIGURE 3.13 Typical thermistors.

FIGURE 3.14 Thermistor circuit symbol.
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FIGURE 3.15 The ORP 12 light dependent resistor.

FIGURE 3.16 Circuit symbol of a light dependent resistor.

dielectric

farads
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Components

electrolytic non-
electrolytic

more more



Starting Electronics Construction

40

FIGURE 3.17 Electrolytic capacitors.

axial-leaded
radial-leaded

polycarbonate polyester polystyrene ceramic mica
polypropylene
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that

mica

FIGURE 3.18 A variety of non-electrolytic capacitors.
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Variable capacitors

FIGURE 3.19 Variable capacitors.

Capacitor symbols

FIGURE 3.20 Symbols for capacitors: (a) electrolytic; (b) non-electrolytic; (c) variable.
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Components

FIGURE 3.21 A capacitor marked with a colour code, showing the bands and their meanings 
according to the colour code of Tables 3.3 and 3.4.

  Band 1 Band 2 Band 3 Band 4 Band 5

Black

Brown

Orange

Yellow

Green

Blue

Violet

Grey

White

Remember that to convert from picofarads to nanofarads simply divide by 1000. To convert from 

picofarads to microfarads divide by 1,000,000.

Band 5 of  a colour coded capacitor gives its working voltage (ie, the highest voltage that should be 

applied to it). This does, however, vary with the type of  capacitor. Table 3.4 lists capacitor types affected 

and gives the voltages according to the band colour.
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Capacitor type

Polyester

Capacitor

so
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Components

anode
cathode

diode

FIGURE 3.22 The circuit symbol for an ordinary diode.

FIGURE 3.23 Some typical diode body shapes.
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FIGURE 3.24 Simple circuits for: (a) forward biased and (b) reverse biased diodes.
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Components

grey

FIGURE 3.25 Various bridge rectifiers.

Transistors

transistor
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base collector emitter

FIGURE 3.26 A transistor next to a UK one penny coin.
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Components

FIGURE 3.27 A selection of transistors, showing some of the variance in body shapes available.

FIGURE 3.28 Leadouts of some commonly used transistors. Manufacturers of transistors can 
provide details of all their devices.

bipolar
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N-type P-type

FIGURE 3.29 An NPN and a PNP transistor make-up.

FIGURE 3.30 Symbols of NPN and PNP transistors.
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Components

FIGURE 3.31 Showing how both NPN and PNP bipolar transistors work — a small current causes a 
large collector current.

gate drain

FIGURE 3.32 FET circuit symbols: (a) N-channel J-FET; (b) N-channel MOSFETs; (c) P-channel 
J-FET; (d) P-channel MOSFETs.
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Thyristors

thyristor
anode cathode gate

FIGURE 3.33 Thyristor circuit symbol.

FIGURE 3.34 Some thyristor leadouts.

Triacs
triacs

1 gate

FIGURE 3.35 Triac circuit symbol.
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Components

FIGURE 3.36 Some triac leadouts.

FIGURE 3.37 A 555 integrated circuit.
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FIGURE 3.38 Terminal pin 1 on dual-in-line integrated circuits is indicated by: (a) a dot; (b) a 
notch; (c) a dot and notch; (d) a line. Manufacturers vary, so you need to know the various methods.

analog linear
digital
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Components

op-amps

FIGURE 3.39 Circuit symbols for integrated circuits: (a) just the op-amp, with no pin numbers; 
(b) showing the op-amp complete with integrated circuit ‘body’ and pin numbers; (c) the operational 
amplifier with pin numbers.
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¬ FYI

While the symbol for an op-amp is relatively simple, you should realize that the op-

amp itself  may contain many hundreds of  components inside the integrated circuit. 

Treating them collectively as a single component called an op-amp simply makes it 

easier for us to get our heads round it. An op-amp is a sort of  ‘black box’ electronic 

component — we don’t need to know how it’s made up, just how it works. There are 

many other black box electronic components.

Many integrated circuit op-amps have identical terminal pins, so it’s possible that one 

op-amp can be replaced by another in the same electronic circuit. But there are some 

differences, so before you use an op-amp, you should refer to manufacturers’ data 

sheets for the op-amp to make sure it will fit in, and work in, the electronic circuit you 

are building. That being said, most integrated circuit manufacturers make a range of  

general-purpose op-amps that are sufficiently close in relevant characteristics that 

they may be classed as identical. For instance, most integrated circuit manufacturers 

make an op-amp called a 741. A 741 from one manufacturer should work in a 741 

designed for another manufacturer’s 741. For reference, Figure 3.40 (left) shows a 

741 op-amp — it’s in a standard 8-pin, dual-in-line integrated circuit format, while 

Figure 3.40 (right) shows the pin-out diagram for a 741.

FIGURE 3.40 A 741 op-amp: (left) photograph; (right) pin-out diagram.
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Components

FIGURE 3.41 Common logic gate symbols.

Batteries
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FIGURE 3.42 Some pin-out diagrams for members of the 7400-series of digital integrated 
circuits.

Bulbs

Neons
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Components

FIGURE 3.43 Some pin-out diagrams for members of the 4000-series of digital integrated 
circuits.

LEDs
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FIGURE 3.44 Battery symbols (a) single cell (b) multiple cell or powerpack.

FIGURE 3.45 A selection of cell and battery connectors.

FIGURE 3.46 Bulbs and panel-mounted bulb holders.
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Components

FIGURE 3.47  A mains switch with an integral neon bulb (this particular switch is used in the Bench 
Power Supply project in Chapter 8).

FIGURE 3.48 A typical LED.
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Contacts

single-pole
single-throw

single-throw

switch

ganged

FIGURE 3.49 Four main switch types: (a) single-pole, single-throw (SPST); (b) single-pole, 
double-throw (SPDT); (c) double-pole, single-throw (DPST); (d) double-pole-double-throw 
(DPDT).

¬ FYI

The switch types in Figure 

3.49 are only the most 

common four. It’s possible to 

get switches with many more 

poles, and many more throw 

mechanisms, for specific 

purposes.
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Components

Take Note

The contacts of switches of all types have only limited 
voltage and current ratings, and you must make sure 
that you do not exceed these contact ratings when 
using switches. If the circuit a switch is used in is 
battery-powered, it is unlikely that contact ratings will 
be exceeded, but if the switch is to be used to switch 
mains power then contact ratings should be carefully 
checked before use.

Mechanics

momentary

FIGURE 3.50 A range of switches, according to mechanism types, from left to right:  slide,  toggle, 
push, rotary.
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Relays

FIGURE 3.51 Circuit symbol of a single-pole, double-throw relay.

FIGURE 3.52 A miniature, printed circuit board mounting relay.
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Components

FIGURE 3.53 Loudspeakers typically used in electronic circuits.
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FIGURE 3.54 A buzzer with two types of sounders.

Microphones

dynamic electret

condenser
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Components

FIGURE 3.55 Circuit symbol for a microphone.

FIGURE 3.56 An electret microphone, and a dynamic microphone.

Connectors



Starting Electronics Construction

68

FIGURE 3.57 Typical printed circuit board connectors.

FIGURE 3.58 Connectors used on housings for front- or rear-panel mounting.
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Components

are

FIGURE 3.59 Using integrated circuit holders: (left) the holder itself, in position in a printed circuit 
board; (right) showing an integrated circuit in the holder.

Terminal pins
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Take Note

Don’t buy gold-plated terminal pins – they are much 
more expensive, and in all but the most critical of 
situations, provide no benefit.

FIGURE 3.60 Terminal pins in a printed circuit board — the pins are push-fitted into the board, then 
soldered in place. 
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¬ FYI

Terminal pins have a knurled ridge that holds the pin in 

place in the printed circuit board. The knurled ridge makes 

them a little hard to push into place however. Pliers, or a 

hammer, will do the job if  you are careful. However, you 

may think it worth buying a terminal pin pushing tool to 

help with this job — see Chapter 2.

links

FIGURE 3.61 Links on a printed circuit board.
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can

Take Note

When designing a printed circuit board which requires 
links, make sure that links run parallel – in this way 
there is no danger they will touch other links close by.
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Printed circuit boards

4

FIGURE 4.1 A printed circuit board - the type you might find in a television or other modern 
electronic appliance.
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NUMBER 1 Each component in the circuit has 

its own special little place on the printed circuit board — if you’ve forgotten 

to insert it, it’s fairly obvious there’s something missing because there is a 

space and a couple of holes

NUMBER 2 Component leads 

go through holes in the board to the other side, where they are soldered to 

strips of copper — in other words, the components are rigidly held so they 

can’t easily work loose, and there’s not much chance of one component lead 

shorting against another

NUMBER 3 
completed assembly — as connections are made with copper tracks on the 

underside of the board (some printed circuit boards have copper tracks on 

both sides — and are called, naturally enough, double-sided printed circuit 

boards) and as components can be very close together without the risk of 

short circuits, the size of the printed circuit board need be very little more 

than just the total surface area of the components.

Copper-clad printed circuit board
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Printed circuit boards

FIGURE 4.2 Raw printed circuit board, comprising a thin layer of copper on a insulating material 
baseboard.

¬ FYI

Apart from basic copper-clad printed circuit boards like this, industrial manufacturing often makes 

uses of  double-sided copper-clad printed circuit boards (in which a circuit is made up from copper 

connections on both sides of  the board) and multi-layered printed circuit boards (which comprise 

several internal layers of  copper connections as well as those on one or both surface sides of  the 

board) — typically these would be used in only the most complex of  circuits, where space is at a 

premium! 

FIGURE 4.3 Enlarged cross-section of copper-clad printed circuit board
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FIGURE 4.4 Once the excess copper is removed from copper-clad board, the copper track or foil 
remains.
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Printed circuit boards

FIGURE 4.5 Coating the copper surface with an etch-resistant material means that the copper under 
the material is protected from attack from etchant.

FIGURE 4.6 Once the board of Figure 4.5 has been etched, only the copper underneath the etch-
resistant material remains.
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FIGURE 4.7 Holes are drilled through the board at relevant points, after the etch-resistant material 
has been removed.

FIGURE 4.8 Component leads are inserted through the drilled holes.

FIGURE 4.9 Component leads are soldered into position.
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Printed circuit boards

FIGURE 4.10 Component leads are trimmed, leaving a neat soldered printed circuit board.

• OBTAIN

• APPLY 

• ETCH

• REMOVE

• INSERT 

• SOLDER

• TRIM
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Other boards

only

Matrix board

FIGURE 4.11 A plain piece of matrix board.
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Printed circuit boards

FIGURE 4.12 A plain piece of stripboard, showing the strips of copper. Pre-drilled holes in the strips 
mean that component insertion is straightforward, if defined.
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Hint

When using stripboard it’s often the case that only a couple of holes on a copper strip 
are used to connect components – the rest of the copper strip is then unusable. Also, 
where components like dual-in-line integrated circuits are to be used, the copper strips 
of plain stripboard would directly connect the integrated circuit’s two rows of pins. 

The answer is to cut the copper strip, effectively splitting it into parts. A sharp knife 
such as a craft knife could be used to split the copper strip, but a purpose-made tool 
– the spot-face cutter – is best used. To use the spot-face cutter just position it onto a 
hole in a copper strip, then twist it backwards and forwards two or three times, until 
the copper strip has been cut away (shown in Figure 4.13).

FIGURE 4.13 Using a spot-face cutter to split a copper strip on a stripboard.
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Printed circuit boards

Making your own printed circuit boards

Hint:

When electronics books and magazines give printed circuit boards for projects, they do 
so by printing what is called the foil patterns of the projects. It’s the foil pattern of any 
particular project, of course, which is the shape of the copper to be left on the printed 
circuit board when the excess areas are removed. When you make a project given in 
a book or magazine you have the foil pattern to create the printed circuit board. If you 

want to design and build any other circuit, you must design the foil pattern yourself.
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FIGURE 4.14 A simple circuit which we’ll use to show how to design your own printed circuit boards.

e c
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Printed circuit boards

FIGURE 4.15 First steps: marking the first component onto plain paper. Also mark its leads — as it’s 
a transistor, the leads should be named e, b and c to show the emitter, base and collector.

FIGURE 4.16 Add further components to the layout, by marking them on the paper — they can be 
quite close.
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FIGURE 4.17 Connections between component leads should be drawn in now.
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Printed circuit boards

FIGURE 4.18 As the copper will be on the other side of the board to the components, there’s nothing 
to stop you designing the printed circuit board so that copper tracks actually run beneath components.

Pattern pending
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Paint
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Printed circuit boards

FIGURE 4.19 Drawing copper foil pattern directly onto the copper surface of a copper-clad board 
using an etch-resistant ink pen.

Hint:

In all these manual methods of applying resist it’s sometimes a bit tricky 
to estimate where on the copper board the component leads go, before 
filling in the connecting etch-resistant bits. A useful trick is to put your 
tracing paper copy of the foil pattern upside-down onto the copper (the 
pencilled connections are to go on the bottom of the board, remember), 
and using a sharp pointed instrument such as a scriber or a compass 
point, prick through the tracing paper into the copper at every 
component hole location.

When you remove the tracing paper you will find a network of little 
holes, corresponding to each component lead hole.

Now you can put on the resist (whichever method you choose) knowing 
where the positions are.
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Transfers

FIGURE 4.20 Rub-down transfers of all component shapes and sizes make an effective method of 
applying etch-resist.

Hint

A word of caution here: be extremely careful as you 
do this job, because any small cracks or breaks in the 
transfer resist will mean that a corresponding crack 
or break will occur in the copper when the board is 
etched.
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is

Hint

If you make any mistakes at this stage 
they can be removed using the corner of a 
small piece of sticky tape – but once you 
have etched the board your mistakes are 
permanent.

¬ FYI

You don’t have to stick to just one manual 

method of  resist application. It’s perfectly 

possible to combine two or more of  these 

methods to good effect. For instance, you 

can use rub-down transfers to apply the 

component lead positions (particularly 

useful for integrated circuit positions) but 

use a resist pen, or paintbrush and paint, 

to make the other connections.

Hint:

You can make a positive master from your foil pattern by laying a 
sheet of acrylic film (which you can get from drawing-office suppliers) 
over the tracing paper or magazine foil pattern.

Now, using the rub-down transfer or dots and tape method described 
earlier, make up the foil pattern directly onto the acrylic film. When 
complete, this film is your master copy – so keep it safe!  
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¬ FYI

If  your foil pattern is taken from a 

magazine or book, and you have a 

computer with a scanner and printer, 

you can make your master copy a 

little more accurately. Simply scan in 

the magazine foil pattern, then print it 

onto some acetate film. You’ll need to 

check that the output size is the same 

as the source foil pattern and adjust 

as necessary. Note that some printers 

aren’t capable of  printing onto acetate 

film, however. Later there is more 

information about using computers to 

aid electronics construction.

Hint

If you are creating your own printed circuit 
board foil patterns for your own circuits, and 
you have a computer, then it might be worth 
looking at one or more of the many available 
programs for printed circuit layout. While 
these aren’t always the easiest programs to 
use, they can give very good results, and 
if you intend making several printed circuit 
boards over the years, they are often worth 
the learning curve you have to climb. See 
later for details.

photo-resist

FIGURE 4.21 Photo-resist coated copper-clad board.
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FIGURE 4.22 An ultra-violet light box.

¬ FYI

UV light is harmful to the 

human eye, in quantity, so 

these light boxes typically have 

a lightproof  seal, although the 

power of  radiation emitted by 

the internal UV tubes is not 

high anyway.

FIGURE 4.23 Exposing the photo-resist coated copper-clad board.
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FIGURE 4.24 Developing an exposed, photo-resist coated, copper-clad board.

Hint:

At this point in making a printed circuit board, it’s always useful to check the foil pat-
tern (which should be totally covered in etch-resist) to make sure that no breaks in 
coverage occur. If so, use a printed circuit board pen to patch broken areas.

FIGURE 4.25 Touching up etch-resist with a printed circuit board pen.
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Using computers

FIGURE 4.26 Crocodile Technology — an electronics simulator (available for Windows and Mac 
OS) that allows us to develop and construct circuits, on computer screen (Crocodile Clips).
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FIGURE 4.27 Part of a printed circuit board layout created using realPCB (Crocodile Clips).
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FIGURE 4.28 The Bench Power Supply copper foil track layout (see Chapter 8 for project details), 
produced using Osmond.

From screen to board
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FIGURE 4.29 A printed circuit board design printed using a laser printer, on LaserStar translucent 
acetate sheet. JetStar sheets are used with ink-jet printers.

FIGURE 4.30 Placing the LaserStar film and photographic resist-coated printed circuit board into 
an ultra-violet light box, ready for exposure.
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FIGURE 4.31 Lay the Press-n-Peel sheet over the plain copper surface of the copper-clad board.
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FIGURE 4.32 Using an iron to transfer the image from a printed Press-n-Peel sheet onto the copper 
surface of plain copper-clad printed circuit board.

FIGURE 4.33 Peeling off the Press-n-Peel sheet, following ironing and cooling.
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Come up and see my etchings…
only?

¬ FYI

While historically ferric chloride has 

always been the etchant of  choice 

in printed circuit board making, 

there are alternatives. While being 

somewhat less corrosive and 

nasty to use, these alternatives do 

tend to be a lot more expensive 

than ferric chloride however. 

FIGURE 4.34 The Rota-Spray etching/developing machine (Mega Electronics UK).
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Hint

Etching baths complete with heaters and agitators are (you guessed it!) expensive, but 
there’s nothing to stop an enterprising reader making one, from nothing more compli-
cated than a plastic container, aquarium heater, and a toy motor with plastic propellor. 
Just make sure that nothing metal is inserted into the etchant – for obvious reasons!

FIGURE 4.35 A makeshift etchant bath — an old ice-cream container, in which the etchant is 
manually agitated by rocking the tray gently. A good excuse to have some ice-cream!
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¬ FYI

Make sure the drill bit (of  

whatever size you use) is 

perfectly sharp. A blunt 

drill increases drilling time, 

overworks your hand-held 

drill, and creates holes 

with burrs.

Drilling for oil

FIGURE 4.36 Hand-drilling a printed circuit board — rest the printed circuit board to be drilled on a 
block of wood. Hold the drill upright.
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Irresistible

Hint:

Some types of photo-resist coated boards actually 
allow soldering direct to the resist – in fact, the 
resist acts as a solder flux. If the resist-coated board 
you buy has such a resist, there is no requirement 
– other than personal preference – to remove it.

FIGURE 4.37 Removing etch-resist with a chemical.
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FIGURE 4.38 Removing resist using an abrasive block.

FIGURE 4.39 An abrasive cleaner in the form of a fibreglass propelling pencil-type of holder can 
also be used to remove resist.

Component insertion
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FIGURE 4.40 Trim all component leads down after soldering. Use your side-cutters for this task.

¬ FYI

The process of  inserting 

components into a 

printed circuit board is 

often — particularly 

in industrial electronics 

manufacturing — called 

(for fairly obvious 

reasons) stuffing.

Soldering

is
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5

Soldering

• HOLDING components in their positions 

on the printed circuit board

• CONNECTING components to other 

components in the circuit.

What is solder?

plumbum
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The components of solder

lead-free
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Effects of lead-free solder on us

The good soldered joint

FIGURE 5.1 Wetting takes place when solder comes into intimate contact with the surface metal, to 
form an intermetallic compound at the junction between solder and metal.

¬ FYI

Note that we are talking about 

soldering joints with copper. 

Don’t even think about 

trying to solder to aluminium 

— it just won’t work — if  you 

need to make an electrical 

connection to aluminium, do it 

with a nut and bolt!
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FIGURE 5.2 Micro-section through an actual soldered joint, where the intermetallic compound layer 
between solder on top and copper beneath is clearly visible.

The bad soldered joint

¬ FYI

Many conditions can occur that 

create a bad soldered joint, 

and there are many types of  

bad soldered joints, so it is not 

always easy to specify exactly 

what has gone wrong in the 

soldering process. However, the 

usual problem is that the metal 

surface is not clean. Any number 

of  contaminants may prevent a 

good soldered joint from taking 

place — dirt, grease, metal oxide, 

being the main ones.

FIGURE 5.3 A bad soldered joint — where a layer of metal oxide on the surface of the metal has 
prevented wetting of the solder to the metal taking place.
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• NON-WETTING.

• PARTIAL WETTING.

more than a short time

• DE-WETTING.

• TOTAL WETTING. 

Hint:

As you can see here, one of the main causes (if not the main cause) of faults in 
electronic circuits, is bad soldering. Therefore, it makes sense to be able to solder well. 
Practise it before you attempt to build an electronic circuit till you are able to make 
good joints every time. Don’t bother using printed circuit boards for this, instead use a 
few bits of stripboard (see page 81 for details) – even just a couple of boards give you 
many holes and copper strips to practise with. By the time you’ve soldered a couple of 
handfuls of components and a few short lengths of lead to the stripboards, you’ll be a 
past master at the art of soldering!
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FIGURE 5.4 Four extremes of soldered joint: (a) non-wetting; (b) partial wetting; (c) de-wetting; 
(d) total wetting.

Flux
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¬ FYI

There are many types of  flux, judged 

usually by the level of  chemical activity 

they have. Generally, the fluxes used 

in the solder used for hand soldering 

are of  low activity. They are typically 

made by distilling the sap (or resin) 

from pine trees. The residue is then 

dissolved in a solvent, making it easier 

to apply.

real

FIGURE 5.5 Cored solder, obtained in reels, appearing much like thin flexible wire. Flux is present in 
cores within the solder.
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FIGURE 5.6 The main stages of hand soldering a joint: (a) the soldering iron is applied to the joint, 
to heat it; (b) while maintaining the soldering iron’s position, cored solder is applied to the joint; (c) flux 
melts quickly and flows from the cored solder onto the joint’s metal surfaces, to clean them and protect 
them; (d) the solder melts, and flows over the joint’s metal surfaces.

¬ FYI

This whole process, from first applying 

the soldering iron to the solder flowing 

over the joint surfaces, takes only a few 

seconds (depending mainly on the size of  

the joint and how powerful the soldering 

iron is). If  a joint takes longer than just 

a few seconds to make, there’s a good 

chance the soldering iron isn’t powerful 

enough.

Take Note

Throughout this chapter we look at processes 
involved in soldering various joints on printed 
circuit boards (ie, those circuit boards made 
from copper-clad board, with copper foil 
tracks). The processes – however – are 
actually identical whatever sort of circuit 

boards you use.
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Key points when soldering

When soldering

• CLEAN all parts — copper printed 

circuit board track, component leads, 

soldering iron bit — before soldering

• MAKE a reliable mechanical joint 

— before soldering

• HEAT before

• APPLY the solder — keeping the 

soldering iron on the joint while the 

solder melts

• REMOVE the soldering iron and allow 

before handling 

or moving the joint

• TRIM the excess component lead from 

Cleaning all parts
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FIGURE 5.7 Cleaning copper track of a printed circuit board, using an abrasive fibreglass pencil 
— simply rub the pencil over the track, particularly over the component land areas to clean it. Brush 
aside the fibreglass residues before commencing soldering.

FIGURE 5.8 Using an abrasive scrubbing block to make sure a component’s leads are clean, prior to 
soldering.
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Hint

If you have bought yourself a new soldering iron and are 
preparing to tin it, you will find that when you first plug the 
soldering in to turn it on, smoke will be created and given 
off from the bit tip: this is because the bit is coated with a 
grease substance to prevent it oxidizing. This is useful, but 
also means that as the bit heats and burns off the grease, 
oxide very quickly forms, making the tip unusable. To pre-
vent this, tin the bit tip as shown in Figure 5.11 immediately 
as it heats.

FIGURE 5.9 Cleaning a soldering iron bit tip using a wet sponge. Simply wipe the tip over the sponge 
surface.
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FIGURE 5.10 Using a tip cleaning and tinning block to clean a soldering iron bit tip — just wipe the tip 
over the block.

FIGURE 5.11 Tinning a soldering iron bit tip. Once the soldering iron bit tip has been cleaned as 
shown in either Figure 5.9 or Figure 5.10, quickly tin it using a small amount of ordinary flux-cored 
solder. The tip will have a shiny appearance if tinned properly.
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Making a reliable joint

Hint

Get into the habit of tinning the soldering iron bit 
tip every few minutes while it is on, to maintain it 
in peak condition and ready to solder joints.

FIGURE 5.12 After inserting a component into the printed circuit board, bend its leads slightly to hold 
it in place ready for soldering.

Take Note

If you insert more than one component into a printed circuit board at a time before 
soldering, and bend their leads outwards to prevent them falling out, be careful that 
when you solder their joints solder doesn’t bridge between them, as shown in Figure 
5.13. When angled leads like this are soldered, the joint contains much more solder 
than a lead which is perpendicular to the printed circuit board.
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FIGURE 5.13 Showing how solder can easily bridge between joints if angled component leads are 
used to hold components in place prior to soldering — take care when using this method to prevent such 
short circuits.

Heat the joint

• IF

run the risk of making a defective joint

• IF

the copper track to lift from the printed 

circuit board.
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FIGURE 5.14 Pre-heating the joint to be soldered — apply the soldering iron bit tip to the joint’s 
metal surfaces.

FIGURE 5.15 Solder melting and flowing around the pre-heated joint.
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Take Note

Some beginners to soldering melt large amounts of solder on the soldering iron bit tip, 
then dab the soldering iron bit tip onto the joint they want to make – the soldering 
equivalent of putting glue onto a spatula then wiping the spatula onto something to 
spread the glue over it. 

DO NOT UNDER ANY CIRCUMSTANCES DO THIS.

While the process might work well for glue, it certainly doesn’t work for solder. 
Soldering is only effective when the joint is pre-heated, and fresh flux is applied at the 
same time as solder. If you put solder on the soldering iron bit tip, the flux burns away 
before applying it to the parts of the joint, and the joint is too cool anyway – causing 
only bad soldered joints.

The moral is: only use the method described earlier to solder joints!

Remove the soldering iron

¬ FYI

A good soldered joint has a concave, shiny appearance. If  the joint is not 

heated sufficiently, or if  you move the joint and damage it, you will probably 

notice that it is not concave, or that it is a dull, grey colour. Don’t worry — just 

repair the fault by heating the joint again, until the solder flows properly.

Trim excess component leads
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FIGURE 5.16 Trimming excess component leads off, close to the soldered joint, to prevent short 
circuits.

Connecting leads

• STRIP around 5 mm of insulation from the end of the lead

• IF the connecting lead is multi-stranded — twist the loose ends of 

the stripped lead. 

• CLEAN and tin the soldering iron bit tip. You should ALWAYS do this 

CONTINUED…
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…CONTINUED

• TIN the connecting lead. 

¬

¬

¬

¬

FIGURE 5.17 Tinning a connecting lead — do not heat the lead for too long, as 
insulation may melt or deteriorate.

CONTINUED…
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…CONTINUED

• TIN the printed circuit board. 

¬

¬

FIGURE 5.18 Tinning the copper foil track of a printed circuit board — apply the 
soldering iron bit tip first, and wait for a few seconds before applying solder.

¬

¬

¬

solder.
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Take Note

While it’s correct to tin the printed circuit board copper foil track at the points where 
connecting leads are to be jointed, this is NOT the procedure where components are to 
be fitted to the printed circuit board – if the copper foil track is tinned where a com-
ponent lead is to be inserted, the hole for the lead may be closed with solder.

• 1

• 2 to a terminal pin, inserted through a hole in the copper foil track

• 3

1 Soldering a 

• TIN the soldering iron bit tip, as described on page 116

• TIN the connecting lead, as described on page 124

• TIN the printed circuit board copper track, at the point where the  

lead is to be connected, as described on page 125

• HOLD the tinned end of the lead on the tinned copper track, as 

shown in Figure 5.19

CONTINUED…
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…CONTINUED

FIGURE 5.19 Position the tinned connecting lead end over the tinned copper track.

• APPLY the soldering iron bit tip to the tinned lead end (not the 

copper track), pressing down on the lead end to hold it in position, 

and wait for the solder on both the lead end and the copper track to 

melt, as shown in Figure 5.20

FIGURE 5.20 Heating the connecting lead end and copper track — the solder 
already present in the tinning on both the lead end and the track will be sufficient to 
make the soldered joint.

CONTINUED…
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…CONTINUED

• REMOVE the soldering iron, but hold the lead without moving it

• WAIT
board or letting go the lead.

2 Soldering a connecting lead to a terminal pin

• INSERT a terminal pin into the printed circuit board — note that 

the pin goes through from the copper foil track side of the printed 

circuit board to the component side of the board ie, the connecting 

lead will be soldered to the component side NOT the copper track 

side (see Figure 5.21). 

FIGURE 5.21 A terminal pin goes from the copper track side of a printed circuit 
board, to the component side.

• CLEAN and tin the soldering iron bit tip, as described on page 116

• TIN the connecting lead, as described on page 124

CONTINUED…
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…CONTINUED

• APPLY the soldering iron bit tip to the terminal pin and wait for a 

few seconds (See Figure 5.22)

FIGURE 5.22 Soldering a terminal pin to a printed circuit board.

• APPLY solder to the terminal pin

• WHEN
copper track, remove the soldering iron and wait for the soldered 

joint to cool

• TURN the printed circuit board over, then tin the terminal pin

• HOLD the tinned end of the connecting lead against the tinned 

terminal pin, as shown in Figure 5.23

FIGURE 5.23 The connecting lead should be vertically aligned with the terminal 
pin, and touching it.

CONTINUED…
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…CONTINUED

• APPLY the soldering iron bit tip to the connecting lead and ter-

minal pin

• WAIT for a few seconds for the solder on both the lead and pin to 

melt, then remove the soldering iron

• DO not move either connecting lead or printed circuit board, until 

3 Soldering a lead to a hole

• CLEAN and tin the soldering iron bit tip, as described on page 116

• INSERT the connecting lead through the hole in the printed circuit 

the hole!

• APPLY the soldering iron bit tip to the joint, touching both the 

copper foil track of the printed circuit board and the lead, as shown 

in Figure 5.24

CONTINUED…

Hint

For both these methods of soldering a connecting lead 
to a printed circuit board, be extra careful not to allow 
the connecting lead end to move at all once the joint 
has been soldered and during the cooling phase, or a 
defective joint may result.



131

Soldering

…CONTINUED

FIGURE 5.24 Soldering a connection lead to a printed circuit board.

• APPLY solder to the joint

• WHEN
the copper track, remove the soldering iron and wait for the soldered 

joint to cool

• DO not move either connecting lead or printed circuit board, until 

Unsoldering
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Using solder braid

• TIN the soldering iron bit tip

• PLACE the end of the solder braid over the joint to be desoldered, 

as shown in Figure 5.25

• APPLY the soldering iron bit tip onto the solder braid. 

FIGURE 5.25 Desoldering using solder braid — the molten solder wicks into the 
strands of the solder braid away from the joint.

• REMOVE the soldering iron bit tip. 

• REPEAT the process for all component joints

• REMOVE the component.
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Using a desoldering pump

• TIN the soldering iron bit tip

• PRIME
shown in Figure 5.26

Hint

As you use a portion of 
solder braid to unsolder a 
joint, it will become loaded 
with solder so cease to be 
usable. Using a pair of side-
cutters, trim off the used 
portion to maintain a fresh 
solder braid end. 

Hint

Sometimes not all solder can be removed 
from a joint (very often a small amount 
which cannot be removed will still hold the 
component lead to the copper track). If this 
occurs, you will find that you have to heat 
the joint with the soldering iron bit tip one 
last time, before quickly – before the solder 
solidifies – releasing the component. 

FIGURE 5.26 Priming the desolder pump by pressing down the charger.

• APPLY the soldering iron bit tip to the soldered joint and wait for 

the solder to melt

CONTINUED…
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…CONTINUED

• APPLY the nozzle of the desoldering pump to the molten solder, as 

shown in Figure 5.27

FIGURE 5.27 With the soldering iron bit tip heating the solder, apply the 
desoldering pump nozzle.

• PUSH

• REPEAT the previous four steps as required, until all the solder 

has been removed from the joint.

Take Note

Every now and again, the desoldering pump chamber will fill 
with solidified solder to the point that it doesn’t work 
efficiently. Empty it by repeatedly priming and discharging the 
pump, so that the solder is forced out of the nozzle.
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Care of your soldering iron

Take Note

Unsoldering usually requires considerably more application of heat than soldering – the 
soldering iron bit tip is applied to the joint more times and for longer periods than when 
soldering.

Remember that components may be damaged by excessive heat, so space the 
desoldering operations out to allow the components to cool down in between.

FIGURE 5.28 Use a soldering iron stand when not actually using your soldering 
iron. Keep the safety risks to a minimum.

CONTINUED…

• USE a stand. 
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…CONTINUED

• TIN When you 

• TURN the soldering iron off when unused. 

• CLEAN

• NEVER put a soldering iron — hot or cold — into liquid

• CHECK

Printed circuit board links
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Making a 

• CUT a short length of single-strand wire. 

board

• BEND one end of the link around the nose of a pair of long-nosed 

pliers — see Figure 5.30. 

FIGURE 5.29 A printed circuit board that uses links to aid in copper foil track circuit layout. Note 
that many copper foil connections can take place under links, thereby easing a layout considerably. This 
particular printed circuit board is the Heart Flasher project, in Chapter 8.

FIGURE 5.30 Bend one end of the link, using long-nosed pliers.

CONTINUED…
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…CONTINUED

• MEASURE the link length required

• BEND the other end of the link around the long-nosed pliers 

— see Figure 5.31. 

FIGURE 5.31 Bend the other end of the link.

• INSERT and solder the link

• TRIM excess link wire off the soldered joints.
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6

Housings

housing enclosure case
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The six levels are:

• LEVEL 1 — on-the-device. Where individual connections between the 

semiconductive component parts of integrated circuits are made as minute 

etched wires — shown in Figure 6.1(a)

• LEVEL 2 — device-to-package. Where the semiconductor die is per-

manently attached, with thin aluminium or gold wires, to the terminals of its 

package — shown in Figure 6.1(b)

• LEVEL 3 — package-to-board. 

terminals are connected to printed circuit boards, as permanent (ie, soldered) 

or separable connections — shown in Figure 6.1(c)

• LEVEL 4 — board-to-board and on-board. Where components are 

interconnected with the conductive track of the printed circuit board, and 

where printed circuit boards are connected to each other by permanent or 

seperable connectors and cables — shown in Figure 6.1(d). The housing 

itself is directly involved at this level, simply because the types of connectors 

you use, and the printed circuit board positioning with respect to these con-

• LEVEL 5 — board-to-housing. Where connections between a printed 

circuit board and its housing are made with permanent or separable con-

nectors — shown in Figure 6.1(e). Sometimes, a distinct chassis may be 

involved between printed circuit board and housing

• LEVEL 6 — housing-to-housing. Where separable connections be-

tween housings are made with connecting cables — shown in Figure 6.1(f).
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FIGURE 6.1 Six levels of interconnection between parts of an electronic design: (a) semiconductor 
die; (b) from the die to the terminals of the integrated circuit package; (c) from the integrated circuit to 
the printed circuit board; (d) between printed circuit boards; (e) between printed circuit boards and the 
housing; (f) between housings.
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What’s your housing made of?

• PLASTIC

• METAL diecast

• METAL folded chassis-type.

¬ FYI

Actually there are more housing 

types, but these three types 

(and their derivatives) form the 

largest bulk of  housings you will 

come across to begin with. As you 

progress in electronics you will 

undoubtedly meet other types.

FIGURE 6.2 Housings — from left to right — plastic, metal diecast, metal folded chassis-type.

Plastic
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FIGURE 6.3 A small plastic housing, complete with belt clip and battery compartment.

Metal diecast

Metal folded chassis-type

Other housings
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TABLE 6.1 Ingress Protection (IP) ratings by number, and their equivalent protection levels.

Val-
ue

0

8

9

IP rating

IP
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Housings and their use

The main tasks are:

• MOUNTING the printed circuit board

• FITTING controls and switches

• FITTING connections between the 

printed circuit board and the outside 

world

• MOUNTING other internal components 

besides the printed circuit board

• WIRING of all internal parts

• LABELLING the front and rear panels 

of the housing.

Mounting printed circuit boards

and
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FIGURE 6.4 Using double-sided adhesive sponge fixers to mount a printed circuit board inside a 
plastic housing: (left) applying the sponge fixing pads to the bottom of the printed circuit board; (right) 
applying the printed circuit board with sponge fixing pads to the inside of the plastic housing.

FIGURE 6.5 A printed circuit board should not be mounted inside a metal housing using sponge 
fixing pads, or short circuits may result!
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FIGURE 6.6 Bolted spacers, showing the spacers and the bolts.

Take Note

If you intend to use spacers to mount a printed circuit board to a housing, you must 
take into account where the spacers will be positioned on the printed circuit board. 
Component positions and the copper foil track may have to be adjusted to provide 
room – not just for the spacers themselves, but to allow access with tools to allow you 
to tighten the spacer bolts. You need to plan ahead, and decide which printed circuit 
board mounting method or methods you intend to use, as all the calculations regarding 
component positions and copper foil track layout need to be done in the very early 
stages of printed circuit board design – not at the last minute!
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Take Note

In the printed circuit board design stages, make sure 
no components are positioned close to the edges 
of the printed circuit board if you plan to use guides 
of any sort. Further, if you plan to use an extruded 
aluminium housing, not only must there be no com-
ponents fitted on the guide edge areas of the printed 
circuit board, but there must be no copper foil track in 
those areas.

and
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FIGURE 6.7 Using a printed circuit board mounted potentiometer and connectors to mount a printed 
circuit board inside its housing. This is the Guitar Headphone Amplifier project, in Chapter 8.

FIGURE 6.8 Using an edge connector to hold a printed circuit board in position. This particular 
connector (in white) is a RAM-card holder, common to computer and associated equipment.
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Fitting controls and switches

Potentiometers

FIGURE 6.9 A potentiometer, showing its threaded stem, washer and nut, and the location stub.
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Mounting a potentiometer

• MARK the centre of the hole where the potentiometer’s threaded 

stem is to be, and mark the centre of the location stub’s hole, as 

shown in Figure 6.10. The distance between centres depends on the 

particular potentiometer, as does the angle at which you need to position the 

two holes relative to horizontal along the line of the housings panel.

FIGURE 6.10 Marking the position of the two holes required for the 
potentiometer of Figure 6.9.

• MARK both holes using a centre punch

• DRILL the holes using a pilot drill (no more than 2.5 mm). Position

the housing over a block of wood, so that the drill bit doesn’t grab the metal 

and distort it as the drill bit’s cutting edge exits the hole.

CONTINUED…
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…CONTINUED

• DRILL both holes using a drill the correct size for the location stub

• DRILL the threaded stem’s hole using the correct sized drill

• POSITION the potentiometer in place

• PLACE the washer, followed by the nut over the threaded stem. 

• TIGHTEN the nut, using pliers. 

Take Note

When you tighten a potentiometer nut (indeed, any nut which is located on a hous-
ing’s panel like this), you should take extra care to make sure the pliers don’t slip off 
the nut and scratch the panel. Figure 6.11 shows how to tighten the nut. Note how the 
washer underneath the nut protects the panel from the pliers.

FIGURE 6.11 Tighten the potentiometer nut using pliers. Push the pliers against 
the washer under the nut to help prevent the pliers from slipping off, thereby 
protecting the housing panel.
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Take Note

New potentiometers have long control stems, in order that you can cut them to the 
length you want. The final cut length is fixed however, by the type of control knob you 
want to use. In order that you can cut the stem to the required length, you therefore 
need to have the control knob to hand. Follow the instructions below to cut the stem 
to size.

• PUSH the control knob on the stem till it seats fully against the top 

of the stem

• MARK the stem directly in line with the bottom of the control knob 

(Figure 6.12)

FIGURE 6.12 Push the knob on the potentiometer stem, and mark the stem.

• REMOVE the control knob, and measure the distance from the end 

of the stem to the mark (Figure  6.13)

CONTINUED…
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…CONTINUED

FIGURE 6.13 Measure from the stem end to the mark.

• NOW make a second mark on the stem the same distance from 

the top of the potentiometer’s threaded stem. Actually, some knobs 

second mark can be a millimetre or two closer to the stem end if your knob 

features such an overhang

• CUT the stem on this mark. To do this, hold the end of the stem in a 

vice, with the stem horizontal. Hold the potentiometer body in one hand, 

while cutting the stem with a junior hacksaw in the other hand, as shown in 

Figure 6.14

FIGURE 6.14 Cutting the stem of a potentiometer.

• DEBURR Your potentiometer 
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Take Note

Potentiometers are actually quite fragile. Do not hold 
the potentiometer body in a vice to cut off excess 
stem. Make sure you put the stem end in the vice!

Knobs

FIGURE 6.15 A selection of common control knobs.

Switches
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FIGURE 6.16 A miniature circular toggle switch, complete with location washer having a location 
tab.
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Fitting a rectangular switch

• MARK out the rectangular hole to be made

• MARK the centre, using a centre punch

• DRILL out a hole (using a pilot drill, and subsequent larger drills), 

• FILE

Hint

When you file a hole in your housing’s panel, you’ll need to clamp the housing in a 
vice. To protect the housing from the vice jaws, you should get two small blocks of 
wood and clamp the housing between the blocks. Make sure the blocks are positioned 
close to the edge of the hole you are filing – this prevents the panel from flexing too 
much and being damaged while you file. This is particularly important with thin 
aluminium folded-metal chassis-type housings. Also, file from the outside in – this 
means that any burring you naturally get while filing forms on the inside of the housing, 
so is not visible from the outside when finished.

¬ FYI

Holes for some common rectangular switch shapes (and some circular ones, for that matter) 

can be cut out using hole punches, purpose-designed for the task. A hole punch comprises 

three main parts — a cutting tool, a socket receptacle, and a bolt arrangement. Using them 

is easy: you drill a hole the size of  the bolt diameter, then fit the punch together, with the 

cutting tool on the front of  the housing panel, the socket on the back, and the bolt going 

through the panel. As the bolt is tightened, the cutting tool punches out the hole in the panel, 

leaving a very clean hole. Such hole punches are quite expensive, but possibly worth the cost 

if  you intend to make many identical holes.
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Hint:

There are so many switch variations that it’s usually 
possible to choose a switch type that is easy to fit. In 
other words, unless you want to use a rectangular 
switch for a particular purpose (although personally, 
I can’t think of any!), my advice is to use circular 
switches always. Remember that every operation 
you perform to your housing’s panel is just another 
opportunity to scratch the panel.

Fitting connections

FIGURE 6.17 A variety of connectors used with electronic circuits and their housings.
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FIGURE 6.18 A connector with a location key — a corresponding notch in the housing panel must be 
filed (using jewellers’ files).

screening
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FIGURE 6.19 Screened cable, showing a central insulated lead, and the wire screening, all encased 
in insulation.

FIGURE 6.20 A solder tag, soldered to connecting lead, for use with bolted connectors.
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FIGURE 6.21 Connector featuring spade lugs.

Mounting other internal components

can
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FIGURE 6.22 Simple mounting of a LED to a panel.

FIGURE 6.23 A LED, complete with panel clip.

Fuse holders
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FIGURE 6.24 Mounting a fuse holder into a panel.

Heatsinks

could
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FIGURE 6.25 A selection of small heatsinks.

Five variables of heatsinks

• TEMPERATURE of the component’s surface. What is the maximum 

temperature the component can reach when operating under circuit 

conditions?

• TEMPERATURE of the surroundings. What is the maximum ambient 

temperature?

• THERMAL resistance of the junction between the component and 

the heatsink medium. 

• ABILITY of the heatsink to dissipate heat 

• ELECTRICAL conductance. Components are metal, heatsinks are 

metal, metal conducts electricity — so is there likelihood of short circuits?
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FIGURE 6.26 Thermal compound — supplied in various ways. Put a small amount on your finger and 
rub between finger and thumb  before applying to a component or heatsink surfaces.
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Take Note

It is important not to have 
too thick a layer of thermal 
compound between com-
ponent and heatsink! Too 
much compound restricts heat 
flow just as much as too little 
compound.

¬ FYI

Even mounting components on a metal housing’s 

panel may not provide sufficient cooling for some 

applications. Better cooling methods need then to be 

adopted — the most common of  which is the fan 

(seen most often in large computers) which helps to 

ensure that air flows round hot components. Other 

heatsinking methods exist, including heat exchange, 

refrigeration and water-cooled systems, but these 

are generally beyond the scope of  the beginner to 

electronics construction.

FIGURE 6.27 Insulating washers: left is a mica washer, right is a silcon rubber washer. In the middle 
is an insulating mounting tab.
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FIGURE 6.28 Bolting a component — in this case a voltage regulator integrated circuit — complete 
with insulating washer and mounting bush, to a heatsink. 

FIGURE 6.29 Showing three components, heatsinked to a metal housing rear panel.
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Take Note

Electrical conductance does not need usually to be taken into consideration where a 
heatsink is a simple push-, clip-, or bolt-on type, that is fastened directly to an indi-
vidual component on a printed circuit board. After all, as long as the heatsink touches 
nothing else metallic, there can be no danger of short circuits. 

However, electrical conductance for a component mounted onto a metal housing’s 
back panel for heatsinking purposes is of prime importance – several components of 
circuit parts (the printed circuit board, connectors, controls, power supply parts and 
so on) may also be mounted on the housing. Here, problems of possible short circuits 
need to be taken seriously. Some form of insulating washer should be used to prevent 
electrical connection between the component and the housing.

Wiring of all parts

Multi-stranded wire types and uses

• FOR low voltage, low power connections a suitable choice is 

known as 7/0.2 equipment wire (which means it has seven strands 

of wire, each one being 0.2 mm in diameter). 

route inside housings.

CONTINUED…
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…CONTINUED

• AN alternative to individual wires is ribbon cable (ie, several 

strands of insulated 7/0.2 wires, moulded together side-by-side). Rib-

tiple connection are made between internal parts, connections are grouped. 

Ribbon cable is available with each strand a different colour, which makes 

checking connections an easy job, too. Ribbon cable is available in 10-, 20-, 

and 30-way strips, but strips can be easily separated just by pulling, into the 

number of connected strands you want for each connection

• MAINS or higher power connections must be made with thicker 

multi-stranded wire (eg, 16/0.2, 24/0.2, or 32/0.2). Often the magazine 

or book will specify the exact type to use

¬ FYI

In the ‘good old days’ tying of  cables was done with 

special continuous cable tie cord, and was more a 

work of  art than a technique. Fortunately, ‘good old 

plastic’ cable ties do an equally good job these days.
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Mains wiring

General guidelines for mains wiring

• IN general, use a metal housing for any electronic circuit you 

construct that has a mains power supply. Use three-core mains cable 

(ie, with live, neutral, and earth wires), and make sure the cable enters the 

cable entry clamp, properly tightened so that 

connections are not strained. A selection of cable entry clamps is shown 

in Figure 6.30. You must ensure the clamp is the correct size for the cable 

used.

FIGURE 6.30 Cable entry clamps for use when mains cable enters a housing.

• AN alternative to a cable entry clamp is a good quality plug and 

socket connector — such as that shown in Figure 6.21.

• USE insulating sleeving over all soldered connections, to ensure 

that no mains electrical parts are exposed. Push the sleeving onto a 

wire prior to soldering it to a connection. After soldering push the sleeving 

back along the wire, and over the soldered joint, as in Figure 6.31.

CONTINUED…
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…CONTINUED

FIGURE 6.31 Using insulating sleeving over a mains circuit soldered joint. Here 
the joint has been made, and the sleeving is being pushed into position to cover the 
joint.

• ALL soldered connections must be made good mechanically, prior 

to soldering. Thus, if the soldered conection comes loose, the wire is still 

held in place.

• MAINS live and neutral wires should go straight to an on/off 

switch. Use a double-pole on-off switch for this purpose, and connect the 

live connection to one pole, and the neutral connection to the other. Such a 

switch ensures that the following circuitry is completely disconnected from 

mains when the switch is switched off. 

• TO protect the electronics circuit (and you, for that matter) from 

damage in case of an internal fault, use a panel-mounted fuse holder, 

book the electronic circuit comes from. Mains live is taken directly from 

the other contact of the live pole of the on/off switch to the central connec-

tion of the fuse holder (thus, if the fuse is removed when the device is con-

nected to mains, no contact can be made to a live part).

CONTINUED…
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…CONTINUED

• THE earth wire in the mains cable must go directly to a bolted con-

nection on the housing chassis. Use a solder tag on the earth wire, and 

shakeproof washers on the bolt, to ensure the bolted connection is reliable 

over the long term.

• CHECK, double-check, and triple-check all connections and the 

circuit prior to connecting to mains power.

FIGURE 6.32 A general wiring diagram for mains powered circuits.

Take Note

If a single-pole switch is used, even if it is in the live circuit on construction, at some 
stage somebody may rewire the mains plug incorrectly, at which point the switch is 
then in the neutral circuit and the remaining circuit will be live even if the switch is 
turned off! A double-pole switch prevents this situation.
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Front and rear panel labelling

Panel labelling
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Key points when labelling with rub-down transfers:

• USE guidelines to ensure labels are level. Rule faint lines in pencil, or 

stick lengths of tape along the length of the panel

• TAKE care when centring labels around controls or connections 

— if they go too far to one side or the other they will look odd

• GROUP controls and connectors where you can. Perhaps ring them 

using some rub-down transfer lines, so that they appear cohesive in one part 

of the panel

• USE a typeface of only a few millimetres high for most labels. This

• USE a plain typeface for most labels. In publishing-speak, this could 

be a sans serif font

• USE a more ornate typeface if you want for the main descriptive 

Using a computer
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FIGURE 6.33  A computer-generated front panel.
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FIGURE 6.34 The Quick-Laser system uses coloured polyester sheets to produce labels from a 
computer and laser printer (Mega Electronics UK).

House!
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7

building

do
not

book

will

Hint

Remember: fault-finding is not just about locating 
what you’ve done wrong after you think you’ve 
finished – it’s about locating what you did wrong 
BEFORE you think you’d finished...
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A strategy of building electronic circuits

do

KEEP CLEAN Printed circuit board 

track, component leads and so on can all be affected by dirt and grease to 

the extent that soldered joints are not properly made. Worse, dirt or grease in 

a joint can affect its performance over time — it might work initially but stop 

working after a short while. Often, just cleaning the parts is enough to ensure 

a good joint. 

CLOSELY INSPECT Your complete electronic 

device depends totally on the printed circuit board. A minor imperfection 

(such as a crack in the copper foil track), or a hairline short circuit of copper 

between tracks which are not intended to be connected will prevent a circuit 

from working.

DOUBLE-CHECK — Check once when you choose 

a component that it is the correct value, then check it again after it’s been 

inserted in the board immediately prior to soldering.

DOUBLE-CHECK — Electrolytic capacitors, 

semiconductors and so on must be inserted into a circuit the right way round 

(this is called correct polarization). Check their polarity is correct once when 

you insert the component in the board, then once more immediately prior to 

soldering.
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TRIPLE-CHECK — As you select a compon-

ent for insertion into a printed circuit board, check its value on the circuit 

diagram. Next, check that the position on the printed circuit board is correct 

according to the layout diagram. Finally, after insertion, recheck both value 

and position again immediately prior to soldering.

DO NOT If

you insert too many components in to a printed circuit board before 

soldering them in, they may slip partially out of the circuit board. This may 

create short circuits that affect the circuit’s operation. Only insert a few 

components before soldering them in, then moving on to the next batch.

WHEN SOLDERING
Check each joint visually immediately after making the joint. Do not 

make hundreds of joints one after another without checking. Read Chapter 

5 thoroughly, and practise making soldered joints until you can make a good 

joint every time.

AFTER SOLDERING Check for shorts between 

joints, and check for dry joints.

BUILD STAGES Divide the complete circuit 

into complete functional units (most — if not all — circuits can be thought 

test it, before moving on to build up and test the next stage. In this way, if 

you do have a fault, you have isolated it in the production stage, and so can 

repair it more easily than if the complete circuit is built.

POWER ON 
your printed circuit board you want to connect power and see if it works. The 

problem is — if you do and there is a fault such as a short circuit, or if polar-

ized components have been inserted the wrong way round, or if components 

of the wrong value have been inserted, or for any number of other reasons 

— you could easily cause irreperable damage to components. Take time out 

for a few minutes, then inspect the printed circuit board carefully — use a 

Remember: once you’ve connected the printed circuit board to its power 

supply it might be too late — a simple fault becomes a big-time problem…
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Types of faults

very

you

• SOLDERED

• PCB

• WIRING

Once you’ve thoroughly checked, and are happy that your soldering, your pcb 

and your wiring is not at fault, then — and only then — you should begin to 

consider the remaining potential causes of faults:

• CONNECTORS

• COMPONENTS.
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FIGURE 7.1 A good joint, a bad joint, and a solder bridge.
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• 1 Sometimes, if the etching 

process hasn’t fully completed before the printed circuit board is removed 

from the etchant, or if small areas of etch-resist have not been developed 

fully, small bridges of copper remain between tracks. Sometimes these 

bridges can be extremely thin, but even a hairline bridge forms a short 

circuit. Thoroughly check all copper tracks of the printed circuit board — a 

magnifying glass and good lighting helps. If you spot what you think is a 

will be more at other places on the printed circuit board

• 2 In the etching process, a small (even minute) break in 

the resist allows the etchant to remove the copper underneath. If the break 

in the resist cuts across a track, there will be a complete break in that track. 

The circuit built on that printed circuit board will not work correctly. Again, 

a broken track, clean the area to either side of the break with an abrasive 

bridges the two sections of copper track

• 3 The copper track on your printed circuit 

board is intended to represent and make all connections between com-

ponents in the circuit diagram. If you have designed your own printed circuit 

board from a circuit diagram then made it yourself, there is the potential that 

somewhere in the copper foil track layout design process you have made 

an error. If the completed electronic circuit does not work, then as part of 

board’s copper foil track layout. Make sure that all connections on the circuit 

diagram have a corresponding connection on the copper foil track — if any 

connections are missing, then the circuit parts are effectively open circuit. If 

wire. Strip a very short amount of insulation from each end of the wire, then 

tin each end before soldering it into place to make the missing connec-

tion. Also make sure there are no extra connections (possibly forming what 

amounts to short circuits between circuit parts) that should not be in the 

through the copper track using a craft knife or similar to break it.
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still
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so

think

Picture this!

easy
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• KNOW Break it up into logical black box

sections. Often, the magazine or book giving the circuit will do this for you, 

in a separate ‘How it Works’ section, but if not, try to do it yourself. The more 

you understand how a circuit works, the easier it becomes to construct and 

get working!

• CHECK Check it for any short circuits. 

Check it for any broken tracks. Check that it follows the circuit, with copper 

foil track for every connection within the circuit, and with no extra connec-

tions

• BUILD Insert and solder only 

those components within that section, then check the section works fully be-

the fault before you start the next section. This way, any faults should lie only 

in the last section you built

• ONCE
If not, as long as you have been following 

this method, the fault should again lie in the last section you built

• HOUSE -

• CHECK
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FIGURE 7.2 Lifted pads on a printed circuit board.

FIGURE 7.3 Solder bridging between connection pins of an integrated circuit.
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FIGURE 7.4  A minute solder bridge between two component pads.

FIGURE 7.5 Solder bridging between adjacent printed circuit board tracks.
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FIGURE 7.6 A capacitor that has lifted.

FIGURE 7.7  A lifted resistor.
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FIGURE 7.8 An integrated circuit that has lifted.

FIGURE 7.9 A cracked joint.
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FIGURE 7.10 Another cracked joint.

FIGURE 7.11 Dewetting between two connected component lands.
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FIGURE 7.12 Dewetting of component lands.

FIGURE 7.13 Excessive solder looks like a blob on the printed circuit board.
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FIGURE 7.14 A solder void on a component land.



193

Projects

8

Projects

not

Take Note

The last project – a mains-powered power supply – should not be attempted unless 
you are confident of your skills. Mains voltages are dangerous – potentially lethal – and 
extreme care must be exercised when constructing the project to prevent a situation 
arising where a user comes into contact with those voltages.

In short, if you are not confident of your skills, and do not take requisite care – do not 

construct this project!
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The projects

best

whether

The four projects:

1 Car-to-USB Power Supply. Allows certain devices (digital audio

players, mobile phones and so on) to be powered and recharged in

your car. Easy.

2 Heart Flasher. Fun device to show your love. Moderate.

3 Don’t wake the neighbours while

Moderate.

4 Bench Power Supply.

power other circuits you build. Hard.
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Car-to-USB Power Supply

USB

FIGURE 8.1 The Car-to-USB Power Supply.
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Principle

Take Note 

The output from the Car-to-USB Power Sup-
ply project is not suitable for direct connection to 
rechargeable batteries, so you shouldn’t use it to 
connect straight to, say, a battery pack. Such packs 
require some form of control circuitry to ensure only 
the correct recharge voltage and current is applied. 
The output of the Car-to-USB Power Supply is a 
basic 5 V DC regulated supply at up to 1 A, and 
control circuitry (always present within a rechargeable 
battery-powered consumer device) is still required.

FIGURE 8.2 The Car-to-USB Power Supply principle.
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Circuit

FIGURE 8.3 The Car-to-USB Power Supply circuit.

Construction
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¬ FYI

Actually, voltage regulators like IC1 are protected from overheating 

by their internal circuitry. If  such a voltage regulator gets too hot, an 

internal thermal cutout control turns the output supply off  until it cools 

down again. Heatsinking merely aids in preventing the cutout situation 

happening.

FIGURE 8.4 Printed circuit board layout of the Car-to-USB Power Supply (actual size).
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Take Note

The four connection terminals of a USB type-A socket 
are numbered as shown in Figure 8.5. 

FIGURE 8.5 USB type-A socket, as viewed 
from the outside.

FIGURE 8.6 Fit the voltage regulator close to the board to reduce its height — this way, a smaller 
housing can be used.
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FIGURE 8.7 Showing holes and slot in the Car-to-USB Power Supply housing.

Take Note

Note that no insulating washer is needed between the voltage regulator and the hous-
ing. The metal tab of the voltage regulator is at 0 V, so there is no risk of short circuiting 
between the voltage regulator and other components, or the housing and other parts 
within the car.
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FIGURE 8.8 Printed circuit board copper foil track layout of the Car-to-USB Power Supply (actual 
size).

Parts list

Semiconductors
IC1 7805 voltage regulator
D1 IN4001 diode

Resistors
R1 10k 0.125 watt

Capacitors
C1 220μ, 16V radial electrolytic
C2 100n polypropylene

Miscellaneous
Printed circuit board
Housing, diecast aluminium (approximate

dimensions 52 by 38 by 32 mm)
USB type-A, printed circuit board-mounting socket
Car cigar lighter plug
Two-core insulated wire — to take at least 0.5 A
Cable clamp
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Heart Flasher

FIGURE 8.9 Wear your heart on your sleeve with the Heart Flasher.

Principle
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FIGURE 8.10 The principle of the Heart Flasher project.

Circuit

FIGURE 8.11 Circuit of the Heart Flasher project.
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FIGURE 8.12 Showing how the actual pin numbers of integrated circuit IC1 relate to the decade 
counter outputs.

Construction
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FIGURE 8.13 Printed circuit board layout and wiring connection details of the Heart Flasher.
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FIGURE 8.14 Printed circuit board copper foil track layout of the Heart Flasher (actual size).

Parts list

Semiconductors
IC1 555 multivibrator
IC2 4017 decade counter
LED1–20 3 mm light emitting diodes

Resistors
R1,2 100k 0.125 watt
R3 1k 0.125 watt
RV1 1M preset potentiometer

Capacitors
C1 100n polyester layer
C2 10n polypropylene

Miscellaneous
SW1 momentary action push button
Printed circuit board
PP3 battery clip
PP3 battery
Housing, transparent plastic (approximate

dimensions 112 by 63 by 32 mm)
Terminal pins
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FIGURE 8.15 The Guitar Headphone Amplifier.

Principle

Circuit
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FIGURE 8.16 Circuit of the Guitar Headphone Amplifier.

Construction
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FIGURE 8.17 Guitar Headphone Amplifier printed circuit board layout and wiring diagram.
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FIGURE 8.19 Printed circuit board copper foil track layout of the Guitar Headphone Amplifier 
(actual size).

FIGURE 8.18 Showing how the printed circuit board fits inside the diecast housing.
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Parts list

Semiconductors

LED1 3 or 5 mm light emitting diode

Resistors
R1 10K 0.125W
R2,3,4,6 56K 0.125W
R5 4K7 0.125W

RV1 47K log miniature printed circuit
board mounting potentiometer

Capacitors
C1,2,5 220μ 10V radial electrolytic
C3 470n polyester layer
C4 100n polyester layer

Miscellaneous
Printed circuit board
PP3-sized battery
Battery clip
J1 0.25 inch jack socket, printed circuit board mounting
J2 3.5 mm stereo jack socket, printed

circuit board mounting
SW1 SPST miniature toggle switch
Terminal pins
Housing, diecast aluminium (approximate

dimensions 110 by 60 by 32 mm)
Belt clip, for housing
Knob (for potentiometer RV1)
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Bench Power Supply

FIGURE 8.20 The Bench Power Supply.
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Principle

FIGURE 8.21 The four main stage waveforms in the mains-powered bench power supply.
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Circuit

FIGURE 8.22 Mains-powered bench power supply circuit.

Construction
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FIGURE 8.23 Layout of the Bench Power Supply printed circuit board.



Starting Electronics Construction

216

FIGURE 8.24 Mounting arrangement for integrated circuits IC1–3 to the housing rear panel.
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FIGURE 8.25 Wiring diagram for the Bench Power Supply.
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FIGURE 8.26 Showing the Bench Power Supply innards — note the use of cable ties to form the two 
groups of wires (mains wiring on the left, low voltage wires on the right).



219

Projects

FIGURE 8.27 Bench Power Supply printed circuit board copper track foil pattern (actual size).
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Parts list

Semiconductors
IC1 7812 voltage regulator
IC2 7912 voltage regulator
IC3 7805 voltage regulator

Capacitors
C1,2,3 2200μ, 25V radial electrolytic
C4,5,6 22μ, 16V radial electrolytic

Miscellaneous
Printed circuit board
T1 2 x 15V, 10VA printed

circuit mounting transformer
T2 2 x 7.5V, 5VA printed

circuit mounting transformer
S1  DPDT illuminated push button mains switch
Housing, folded aluminium (approximate

dimensions 200 by 152 by 78 mm)
5 x 4 mm terminal posts (2 black, 2 red, 1 green)
3 insulating washers and tabs for

TO-220 style components
M3 (6 mm) bolts, nuts, washers
M3 (20 mm) bolts, nuts, washers
M3 10 mm spacers
FS1 panel-mounting fuse holder
100 mA 20 mm fuse

Cable clamp
Terminal connection pins
Solder tag (M3)
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2001 Electronic Components Ltd Bowood Electronics Limited
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Cricklewood Electronics

Dannell  Electronics Limited

Disponible

ElectroValue Ltd

ESR Electronic Components

Farnell InOne,

Fast Components Limited

GreenWeld Limited

Henrys Electronics Ltd 

JPR Electronics Ltd
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Index

Magenta Electronics Ltd

Mainline Surplus Sales

 Maplin Electronics Ltd

Mega Electronics

Quasar Electronics Ltd

Rapid Electronics Ltd

RS Components Ltd

SIR-KIT Electronics

Sycom

Component suppliers
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