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Series editor's pref ace 

Assembly of 'difficult' components onto printed circuit boards is emerging as an 
important application area for small, fast industrial robots. For other robot tasks - for 
example paint spraying or arc welding - the applications engineer can rely on a body of 
published information representing decades of accumulated knowledge about the actual 
process being automated. But for the process of assembly relatively little systematically 
presented knowledge exists, mainly because so much manual assembly depends on 
extremely subtle co-ordination of hand, eye and brain which is hard to represent directly in 
engineering terms. As for the particular processes of electronic assembly, they have hardly 
been covered at all in the literature. Yet the design of a good PCB automation system 
depends crucially on the responsible engineer fully understanding every aspect of the 
process he or she is automating, whether working for the electronics manufacturer, an 
automation company, a research laboratory or a machine builder. 

The author of this book has had extensive practical experience in all these roles: as a 
source of great detail on most aspects of the electronic assembly process it will be of 
unique value not only to the robot specialist but well beyond that to anyone needing to 
understand how printed circuit boards are manufactured. 

P.G. Davey 
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Chapter 2 

Board design for assembly 

2.1 Application areas 

The application at which the printed circuit board is aimed has a significant effect on its 
design and layout. The impact of the application runs right through from layout and 
design to the type of machine chosen for assembly and the soldering techniques used; 
therefore from the outset it is important to establish which particular type of application 
the board is headed for in your environment. The basic applications, and considerations, 
are those of the consumer market, the communications market, the instrumentation 
market and the military market - and what impact these then have on the space available 
for the printed circuit board and the standards of assembly required. 

Other applications will generally fall within one of the above headings, i.e. control 
systems would fall into the instrumentation market without detracting from the basic 
precepts. The different applications have substantially different impacts on design, 
depending upon the detail consideration of that application. For example, in the 
consumer field, questions of standards of assembly may be subject to the economics 
involved on a very simple board with very high volume production and may not require 
very high standards or indeed a very high reliability of assembly, as it is often cheaper to 
throw away faulty assemblies than test and re-work. Similarly, the design considerations 
for these high volume units have got to be considered in the light of the cost of assembly 
and the cost of the raw materials and components involved, rather than the ultimate 
reliability of the end product. 

Assembly cost in the military application, on the other hand, usually has slight 
economic import, but very high levels of requirement with regard to the standard of the 
components, the design, the standard of assembly, and in the administration of assembly, 
such as traceability. The instrumentation market falls in between these two, in that the 
standards have to be good, and reliability of the end product high, but cost still plays an 
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Board design for assembly 17 

important part. The communication market is probably a cross between military and 
instrumentation in terms of standards in that a high reliability is expected of product and 
the cost is not of vital importance. In the days of personal mobile phones and other forms 
of advanced portable communication it could even be considered that the communication 
market might encompass the consumer market and the instrumentation market under 
one heading where in the high volumes required for the consumer application there is also 
a requirement for high reliability and high standards of product procurement and design. 

Running through the above applications are considerations of space of the end 
product, i.e. is it required to fit any particular environment (and here we might refer back 
to personal phones for example), and in the case of the military in particular, standards to 
which we are going to work? Military and other relevant standards are designated and 
discussed in Chapter 4. 

2.2 Basic considerations 

Before going into layout and design considerations one should review the standard 
assembly procedures and requirements, so that there is an understanding of the basis for 
design before going into more detail. In essence there are two pcb assembly techniques: · 
the first of these is the use ofleaded components, the component falling into the categories 
of axial, radial and dual in-line (DIL); there are other types of component such as 
connectors, transformers and various passive devices, as well as high-power semi
conductors with their own particular type of connection. Typical examples of the type of 
component in general assembly are illustrated in Figure 2.1. For the emphasis on 
automatic assembly we are really considering only the axial, radial and DIL type of 
component. Although there are some machines capable of assembling all types, this is 
usually a specialist area, and therefore will only be referred to in outline, under the section 
considering robotic assembly techniques in Chapter 10. 

Chapter 3, on component specifications and component procurement indicates the 
various standard component sizes, shapes and dimensions together with a range of 
tolerances applicable to components both as individual items and packaged in a form 
ready to be placed on an assembly machine. When assembling leaded components 
consideration has to be given to the preparation of the component prior to assembly 
which in the case of all three components requires control over the leads, and particularly, 
in the case of axial components requires those leads to be bent in such a way that the pitch 
of the leads matches the pitch of the holes through which the leads should be placed. This 
is illustrated in Figure 2.2 which shows a typical goal-post preform ,which, as the name 
implies, is simply bending the leads at right angles on the correct pitch. There are other 
types of preform usually employing a joggle in the lead, which acts as a stand-off or strain
relief for the component body. This technique is not generally used for automatic 
assembly - more for manual assembly and usually manual assembly of a type which is 
now becoming obsolete. 

When assembling new components into a board prior to soldering, the leads have to be 
cropped to length or alternatively, cropped to a specific length, depending on the type of 
soldering machine or technique to be used. Also, i is usually necessary to retain the 
component in the board prior. to soldering, because the board will need to be transferred 
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18 Printed circuit board assembly 
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Board design for assembly 19 

from the assembly machine to a soldering machine and, to increase the security of those 
components, some form of retention is desirable. Various techniques for holding the 
component on the board have been tried and are still in use, such as using a plastic coating 
to hold the component in place. However, the most commonly used technique is to crop 
and bend the leads simultaneously under the board in such a way that the component can 
then not escape. A refinement of the lead-bending technique is to bend along the direction 
of any track on the board, rather than bend the lead over a gap between tracks. By 
bending the lead along the track this decreases the chance of shorts, etc. during the 
soldering phase. 

One alternative technique for retaining the components is to leave the leads long and 
process the board through soldering, using what is termed a solder-cut-solder technique. 
In this technique the board is processed through the soldering machine with long leads in 
place (that is none of the leads are cropped). Care during the soldering operation has to be 
taken to ensure that the surplus solder is removed from the leads in such a way that the 
leads are isolated from one another correctly. After this process the leads are then cut with 
a high-speed rotating blade just beneath the board to give a low height profile to the cut 
leads. The board then proceeds over a second soldering system which melts the solder that 
was retaining the components in place and cover the cut edge of the lead. This technique 
has been and is still being used successfully by some companies, but the application tends 
to be for the very high-volume end of the business as the capital investment in what is 
effectively a dual soldering machine and cropping system in line is substantial. 

The effect both of bending the leads and bending the leads along the axis of the tracks is 
illustrated in Figures 2.3 and 2.4. Figure 2.3 demonstrates various angles of bend achieved 
by different machines and different techniques, in some cases the lead is bent flat along the 
surface of the board and in other cases only bent sufficiently to retain the component. The 
detail here depends on the company's particular choice in assembly techniques it intends 
to use, but the norm is for the lead to be bent at an angle of around 45° allowing a clean 
soldering area of all sides of the leads, and ensuring that the lead is wetted throughout its 
surface. 

Component 

~~~ 
Bent lead PCB 

Typical axial , with bent lead 
for retention (outwards bend). 

Typical axial, with lead 
bent flat to board 
(outwards bend) 

Typical axial, with lead 
at 45°, inwards 
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20 Printed circuit board assembly 
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The other major category of component type is the leadless, or surface mounted, 
component which, as the name implies, has no leads for either retention or contact and is 
mounted on the surface of the printed circuit board and soldered in situ. Figure 2.5 
illustrates different types of surface-mounted component assembled on to a printed circuit 
board. 

Surface-mounted components are retained on the board prior to soldering in a number 
of ways; however, all the methods effectively boil down to the use of a glue, in order to 
create adhesion between the component and printed circuit board. The glue can be 
deposited in a number of ways either in one operation by using screen printing techniques, 
or depositing on the board just prior to the application of the component, and the author 
is aware of one technique for coating the component prior to placing it on the board. A 
second class of adhesion prior to soldering is the use of solder paste which acts as a glue to 
hold the component in place, and then by heating techniques is converted to solder to 
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21 

form the contact between the component and the track. When designing a board these 
various constraints and requirements should be borne in mind, particularly the bending of 
leads and the adhesion of components to the pcb. 

2.3 Layout techniques 

With printed circuit boards, whether they be single-layer or multi-layer, it is always 
possible to achieve a layout using manual methods, i.e. the designer or draughtsman 
creates the printed circuit board interconnection pattern, using tapes and translucent 
backing. This, however, has a number of significant disadvantages whi-:h apply to any 
form of printed circuit board application. Even when using a grid and laying-out the 
circuit either x 2 or x 4 it inevitably leads to mechanical and positional errors. These may 
be minor at this stage, but when the eventual printed circuit board is produced in its final 
form these errors can multiply, particularly if one is considering step and repeat methods 
for assembly. The use of computer-aided design (CAD) systems is becoming much more 
commonplace. The latest forms of CAD systems have allowed for development of 
techniques which introduce a substantial element of self-checking into the layout. It is not 
the intention of this book to discuss the merits of different types of CAD system, merely to 
indicate the end result that the CAD system should produce in order that the 
manufacturer can have the best product for his use. Thus I have chosen to describe one 
form of CAD system which is used widely throughout the printed circuit board industry. 

This is a system which is to a large degree self-checking, in that the final printed circuit 
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22 Printed circuit board assembly 

board layout is guaranteed to follow the block diagram or circuit diagram that the 
designer produces; it does not however necessarily produce point-to-point full wiring 
layout. The system actually produces a complete bird's-nest interconnect based on the 
logic diagram. This is then manipulated by the operator or programmer until a 
satisfactory printed circuit board layout is achieved within the mechanical constraints 
required by the system. The final result is a manipulation of the bird's-nest - but the 
human operator is vital in placing components correctly for best electronic and 
interconnection effect. The final result is also guaranteed to follow the original 
block/circuit diagram. 

The mechanical layout of printed circuit boards and the choice of grid, etc. should take 
account of the processes following after the manufacture of the bare board. After the bare 
board is made the processes may include bare board testing, for those companies who test 
their boards prior to assembly. It includes automatic component insertion or possibly 
manual or semi-automatic insertion (or indeed in some companies a combination of all 
three), and then finally it includes the cleaning, soldering, and testing of the board 
assembly. 

In many cases the printed circuit board shape and layout is not controlled by the 
designer of the electronics of the board, but by the mechanical constraints of the final 
product. In the majority of cases the board will be rectangular but in some applications 
boards can be peculiar shapes to fit handsets, to fit into mechanical devices, and may also 
include a flexible printed circuit board. In all these cases early consideration has to be 
given to the assembly of the printed circuit board. Occasionally it is not possible, due to 
constraints of space, to satisfy all the needs of the assembly operation, but it should be 
borne in mind that cost can rise dramatically when difficulties are encountered during 
assembly, created by poor printed circuit board layout. 

First we should consider the choice of grid. The norm in the industry for many years, 
indeed decades, has been a grid of 0.1 in., and this for virtually any application is ideal. 
It is suitable for bare board testing using multi-probe apparatus, it is suitable for 
automatic component insertion, and subsequently suitable for the handling through 
cleaning and soldering, and final testing which again may include a vacuum-based, multi
probe system. The fundamental 0.1 in. has not been chosen by accident for printed 
circuit board grids; it is a circumstance forced on the board designer by the designer of the 
integrated circuit package or transistor package which, despite metrication in practically 
every other industry, is still on a 0.1 in. grid (dual in-line packages of 0.1 in grid being the 
best known example). Thus it is sensible to choose a 0.1 in. grid. However, it should be 
borne in mind that this is not necessarily possible with some high-density boards. If it is 
necessary to decrease the grid spacing it is again sensible to do so in sub multiples of 0.1, 
automatic component insertion either to 0.0S in. or 0.02S in., but the restrictions on (ACI) 
machines and test systems should be considered. 

The first of these is for the multi-probe test systems which have been designed to cope 
with a 0.1 in. grid. Probes, and their holders in vacuum fixtures, have been designed 
specifically with that restriction in mind. It is of course possible to get probes operating on 
smaller grids but the cost will rise rapidly and the reliability of the test system will decrease 
due to the more demanding engineering requirements. A way round the test problem is of 
course to use test points on a 0.1 in. grid, with via holes set off-grid, then the restrictions on 
the testing and automatic component insertion largely disappear. 
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Board design for assembly 23 

However, this does introduce problems with some ACI machines which use vision 
systems to sense the holes prior to the insertion of the component. In all the vision systems 
currently in use there is no aspect of pattern recognition; thus two holes appearing 
separated only by a 0.05 in. grid may confuse the system, and the result is either an attempt 
to insert through the via hole, or, alternatively a failure of the system to see which hole is 
which, and therefore the machine stops and awaits operator intervention. However, once 
again the designers have attempted to get round this problem by allowing for a box search 
around where the hole is expected to be. If the target hole has two holes either side ofit on 
a 0.05 in. grid then it is almost certain that the vision system will fail and thus ACI 
becomes impossible without operator intervention. It is recommended that for ACI 
machines with built-in vision systems which greatly enhance their usefulness to the vast 
majority of printed circuit board assemblers, then circuit design layout should bear in 
mind that via holes or other holes close to holes for insertion of leads of components can 
cause potential problems. It would be sensible to check which machine one has in mind for 
AC! and therefore relate the design restrictions back to that machine. 

There are of course some machines that do not use vision systems; this presents another 
type of problem to the printed circuit board manufacturer. Those machines which do not 
use vision systems usually have a very tight specification on the location of the insertion 
holes- as the machine is operating blind, this is an obvious consequence. It also can imply 
that the holes for ACI need to be larger in diameter than for manual insertion, or with 
vision systems, and this can have an effect on both skyline and the finished quality of the 
board. It is certainly recommended that designers adhere to a 0.1 in. grid wherever 
possible for insertion machines, and locate via holes and other holes that might interfere 
with reliable insertion at places where they do not interfere optically with the holes which 
are the target for any vision system. 

Depending upon the type of machine to be specified one also has to consider the system 
for holding the board in position. Reproduced below are the considerations recom
mended, by Universal Instruments extracted from their design guidelines which shows 
exactly the methods and systems that they use for holding down the printed circuit board. 
Most manufacturers have similar systems employing two holes for location and some 
form of clamping mechanism and the designer of the board should be aware of the 
limitations of the various systems, before proceeding. 

2.4 Workboard 'holder considerations 

2.4.1 Board openings 

Board openings, or windows, must be positioned so that all components to be inserted are 
located within the insertable area of the insertion machine. Maximum insertable area 
begins at machine zero, located a defined distance from the lower left table reference 
bushing, and proceeds in a positive X and Y direction from that point. 

When designing workboard holder openings, it is desirable to support the printed 
circuit board as much as possible with at least 0.125 in. (3.18 mm) or workboard holder 
surface extending beneath the board at all support areas. Supporting the board at all four 
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24 Printed circuit board assembly 

corners is preferable; larger boards may require additional support near the middle of 
long sides. 

A certain amount of edge clearance is required to make room for cut and clinch 
operations when inserting components close to the edge of the board. Where manual 
board loading and unloading is used, additional 'finger room' should be provided at the 
right and left sides of the windows to allow easy loading and unloading of the printed 
circuit board. 

The acceptable distance between the edge of the board opening and an insertion varies 
with the type of component, machine, insertion head, and cut and clinch unit. In each 
chapter of these design guidelines, there is a paragraph on uninsertable area for the 
specific type of component involved. Refer to the chapter which applies to the specific 
component type to be inserted to determine its uninsertable area. In general, printed 
circuit designs requiring components inserted close to locating references and board edges 
may result in loss of automatic insertion of these components due to board support 
requirements. 

2.4.2 Locating methods 

Locating hole, 'V' notches, slots or other accurate surfaces may be used for locating the 
printed circuit board on the workboard holder for insertion. Regardless of the method 
used, it is required that two locations be utilized, and that the distance between them be 
the maximum permitted by the length of the board. The same locating references from 
which all the holes are drilled or punched should be employed for this purpose. 

Pins through two locating holes are the most common and preferred locating method; 
they may be mounted directly into the workboard holder or into inserts which are 
mounted on to the workboard holder. Inserts allow insertions to be made closer to the 
locating references than do workboard holder-mounted locating techniques, as well as to 
provide necessary support in a relatively limited support area (see Figure 2.6). 

2.4.3 Hold-down devices 

Hold-down devices are used to maintain board position during table movement and 
component insertion. The most common of these are clamp assemblies which must be 
positioned manually, during board load and unload or spring stops which use spring
loaded plungers to apply pressure to the edges of the board to hold it in position. Both are 
shown in Figure 2.6. Hold-down devices are mounted at any place where the board is 
supported and, most advantageously, at opposite sides of the printed circuit board near 
the locating pins. 

2.4.4 Rotary workboard holder design 

Rotary workboard holders usually have one, two, or four board openings. These 
locations are usually arranged in a symmetrical pattern about the centre of the workboard 
holder to allow component insertion in both 0° and 90" axial positions (Figure 2. 7). For 
manually loaded machines, 'finger room' for board loading and unloading should be 
provided in both the X and Y axes if the workboard holder is to be rotated. 
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2.5 Layout considerations 
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When designing a single printed circuit board it is clearly a great advantage to create a 
layout which will be optimum for both the final product and for rapid reliable insertion 
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26 Printed circuit board assembly 

and high percentage test passes first time. There are a number of features in the layout of 
the board which should be borne in mind irrespective of the machine. Below are 
highlighted a number of the areas which designers should be aware of: 

Ensuring that any holes used for reference, either for bare-board testing, final 
testing or ACI are located accurately with respect to the holes used for component 
insertion. These reference holes are used throughout the assembly process, and 
therefore it is sensible to locate them on the same grid and drill at the same time, so 
that registration between machine and printed circuit board is held to the best 
tolerance possible. 

2 In the case of soldering, cleaning, and ACI machines it is sensible not to place 
components near the edge of the board, as this can cause problems with fingers on 
machines contacting the component. With ACI machines the bend mechanism 
beneath the board and the placement mechanism can interfere with the platen 
which of necessity must hold the board in place, and in the case oflarge components 
they can come outside the limits of the printed circuit board which makes for an 
untidy appearance apart from possibly creating mechanical problems in use. It is 
wise to leave perhaps 0.2in. around the edge of any board. 

3 From the point of view of the circuit operation it is wise not to route tracks under 
components or route tracks in such a way that testing an operation on a circuit can 
cause problems. This, of course, relates to the electronic design of the circuit rather 
than its mechanical usefulness and assembly. But bearing in mind that automatic 
component insertion machines place components without reference to any of the 
tracks, it is possible to place components over tracks and then find on final test a 
fault because a track has open-circuited or short-circuited underneath a component 
and thus cannot be seen. This, of course, applies only to those boards which are not 
tested before assembly. A way to circumvent this problem is to provide test pads on 
the board so that track continuity can be tested from one side of the component to 
the other; but this seems an unnecessary addition if it can be avoided altogether. 

4 Check that the hole sizes are appropriate to the lead diameter and the assembly 
methods being chosen. Depending upon the type of ACI machine, a different 
tolerance may be required between the lead diameter and the hole diameter. Some 
machines can operate down to an annulus of 0.04 in. and others require rather 
more; thus it would be wise to establish which type of machine is to be used for 
assembly before committing to the hole diameter. It is not necessarily sensible to 
increase hole size simply for automatic assembly; doing so has the knock-on effect 
that bend mechanisms which rely on bending the lead against the side of the hole 
become Jess efficient. 

5 Check component sizes and the capability of the machinery to handle those 
components. In many cases a component can be second sourced by one of a 
different mechanical size or shape; therefore once again check back from the ACI 
requirement to the circuit design and layout in order to choose optimum mechanical 
configurations for the component. Examples of this include avoiding the use of 
0.4in. pitch DIL components (which are in any case rare, and therefore many ACI 
machines are unable to handle them). Often an equivalent in 0.6in. or 0.3 in. pitch is 
available. 
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Similarly with transistors - three-legged transistors are often available ban
doliered in radial form which gives the three leads an in-line configuration on 0.1 in. 
pitch; if this is the case then radial assembly machines will often be able to insert 
these transistors automatically. The traditional layout of transistor leads such as the 
TO 92 are often un-insertable by ACI machines other than very specialist machines, 
which inevitably will increase cost. 

The use of dual in-lines for resistor packs also eliminates the need to consider an 
ACI machine handling single in-line resistors packs - which is another option 
available to the designer. If an ACI machine handles dual in-lines then it is possible 
to put down virtually all types of resistor pack. If an ACI machine does not handle 
single in-lines then the penalty may be that these require manual or semi-automatic 
insertion - an extra process. 

A table is attached showing the various alternatives and preferred arrangements 
without referring to any particular ACI machine. What the user will have to do is go 
back to his ACI machine specification and then create a 'preferred list' of 
components. The other mechanical considerations with components include the 
height of the component above the board, and also the lead diameter, as most · 
machines have a maximum lead diameter capability. 

6 When considering the layout of the board one also has to consider solder-mask 
requirements, although this is dealt with in Chapter 13. When designing the layout 
one should bear in mind that the solder-mask not only has an impact on the 
soldering function, but also on the test function, and the bare-board test function. 
One should therefore be careful in considering solder-mask design and layout so as 
not to create insulation areas over test pads for example! In addition there is the 
layout of the screen ident for the components, and it is wise if possible to identify the 
component by its number outside the area which the component will occupy when 
the board is assembled. This serves a number of purposes. One of these is in field 
service, where the field service engineer may need to be able to refer to a particular 
component from the circuit diagram or vice versa. Another is for the identification 
of components for inspection and test purposes, and of course the identification of 
components for rework should this be required. It is nearly always vital to include 
component idents on the board design because most ACI machines will require 
some form of component ident in order to digitize that component and locate it on 
the board. The component ident often forms the link between the component type 
and its location on the board. Although ACI machines will operate without this it 
does form a vital link when checking boards or when machines stop and indicate on 
the screen why they have stopped. The operator can then rapidly refer back to the 
component ident on the board and see why the machine has stopped. 

7 Depending upon the application it may be necessary to have an earthplane on the 
solder side of the board. The design and layout of this earthplane should be 
considered in conjunction with the soldering operation, as a large earth plane could 
effect the soldering operation such that adjacent components downstream from the 
earthplane may not be soldered properly due to a change in local temperature, or 
local conditions, caused by a sudden excess requirement for solder and flux. 
Although this is dealt with under the soldering section it is wise to consider it at the 
design stage. 
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28 Printed circuit board assembly 

The manufacture of bare printed circuit boards is carried out in several ways depending 
on the required end result. It is not the purpose of this book to go into that manufacturing 
technique - suffice it to say that in the Appendices there is further information available 
on screen printing and companies related to si;reen printing and processing of printed 
circuit boards, as well as reference to the printed circuit board association and all the 
standards. 

When considering the various points made above one should add the tolerances within 
the production of printed circuit boards which might help the designer to understand 
some of the problems involved with, for example, hole position. If one refers to the 
specifications of ACI machines, hole position tolerance for these machines is anything 
from 0.002 in. to 0.02 in. - a rather staggering variation of 10 to I. Those machines with 
vision correction systems are clearly much more likely to allow a larger tolerance than 
those without. Factually, the production of printed circuit boards for most uses will result 
in the positional tolerance of a component hole being held within ± 0.003-0.004in. from 
its true position. 

Although this is the norm there are many areas in which this becomes difficult or 
impossible. Bearing in mind that the datum hole should be drilled at the same time as the 
component holes and that there are probably two datum holes in order to give the printed 
circuit board orthogonal stability, then the tolerances begin to add up. The reasons for the 
tolerance are: drill wander when the boards are drilled in a stack, the drill can wander off 
its normal axis by the time the drill has reached the bottom of the stack of boards; also 
changing drill sizes from one to another can add a further tolerance. Always assuming 
that the drilling machine is perfect (and despite one's enthusiasm to believe all machines 
are perfect, that it not the case), the drilling machine table and the machine spindle both 
have operating tolerances, which can in many cases be as much as 0.002in. from where 
they are expected to be. Thus the general result from a normally specified high-quality 
printed circuit board is in the region of 0.003 to 0.004in. 

This is always assuming that the board has been designed using CAD and has been 
programmed under grid control. If the board has been laid out manually and then 
digitized without reference to grid, of course these errors can rapidly escalate. For AC! 
applications where the requirement is to control the hole accurately without the use of 
vision systems it is clear that this drilling tolerance has to be added to the AC! machine 
tolerance so that the 0.004in. may now become 0.006in. and thus the tolerance of lead 
diameter to hole diameter starts to escalate. Once the hole diameter escalates, then the pad 
diameter (to give good soldering) also has to increase, and this might have a knock-on 
effect in reducing the component density on a board. 

Referring back to the question of pad diameter relative to hole diameter, one also has to 
bear in mind that there are tolerances on the film and production of the masters for 
printed circuit boards and these have to be allowed for. Most CAD Systems will allow for 
what might be described as 'normal' pads and therefore the designer using CAD will have 
no problem. It is only when the design requirement compresses the component density so 
that pad diameter, grid size, etc. comes under pressure that the limitations of the assembly 
process must be borne in mind when considering the design. 

In order to clarify some of the aspects of printed circuit board manufacture a table is 
included in order to illustrate the various parts of the process. 

When one considers surface mount technology then the problem becomes multiplied in 
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Figure 2.8 Part of a typical printed circuit board 

terms of errors but of course the requirement for hole tolerances disappears as a truly 
surface mount technology (smt) product has no requirement for holes at all, other than 
via holes. However, with the advent of mixed technology (that is insertion and surface 
mount (sm) placement) then we run into a situation where the tolerance requirements for 
insertion are such that have been described above, but the placement grids can come down 
as low as 0.01 in. The pitch of grids used in surface mount products is typically between 
four and ten times finer. Typically, lead centres, instead of being 0.1 in., are 0.05 or 
0.025 in. and, with the enthusiasm of component manufacturers to diversify as much as 
possible, there are other standards as well. It is therefore necessary for the designer of 
mixed technology products to be aware of the limitations of all assembly machines as they 
relate to sm as well as insertion. 

Rather than go inlo all Lhe details at th.is stage which would tend to confuse and cloud 
the issue, the reader is referred to the chapter covering automatic component insertion 
machines and clarify that situation, then to Chapter 14 on sm technology and then 
produce an intermediate technology specification for his requirement before setting out 
\\ith the design. 

The need to use sm components is being driven by the need to make high-density boards 
for such applications as communications, military and space and so on, and not so much 
for economic reasons. At the time of preparation of the data for this book, statements 
have been emerging from some companies indicating that the advance into smt has indeed 
slowed down rather than accelerated because of the problems of testing sm boards. 

Figure 2.8 shows a typical well-designed pcb during the process of assembly. It 
illustrates virtually all types of component- axial, radial, DIL, connectors, switches, edge 
connectors, and a device with a heatsink. 
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The Complete Works 

Preface- P. G. Davey, Meta Machines Ltd 

Printed Circuit Board Assembly has been developed from knife and fork 
techniques (using human hands, fingers and odd mechanical tools, 
soldering irons, etc) to a very sophisticated fully automated process over 
the past thirty or forty years. This book describes the modern techniques 
available to the company or organization wishing to assemble printed 
circuit boards. These techniques vary from the manual techniques for the 
very small operation to the fully automatic systems which take the 
components, the printed circuit board, assemble them under vision 
control, solder the components in place and produce the finished high 
quality board. The ground covered includes the programming of the 
machines, a description of the machines and their operation, the various 
vision correction systems, the economics of assembly - and references to 
standards, techniques and the various machines available worldwide. 
Further material on manual. semi-automatic and robotic assembly, 
together with recommended approaches to board design and component 
selection for assembly, planning, staff training and surface mounted 
components make this a comprehensive book. The book should appeal to 
the engineer, student, accountant, designer - indeed any member of a 
team who needs to know more and understand the complexities and 
economics of printed circuit board assembly. 

There are 100 figures and illustrations, a glossary of terms, a listing of 
standards, and their sources, and much technical detail for the engineer. 

Peter Noble (CEng, CPhys, MIERE, MINSTP, MBIM) i~ a Technology 
Consultant. -
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