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PREFACE

The importance of multilayer printed circuit boards to the electronics
industry is at long last becoming more widely recognised, and this
internationally multi-authored book is an attempt to offer in one volume
authoritative advice on the design, manufacture and use of these vital and
often expensive components.

Whilst all chapters of the book are written primarily about multilayer
boards, it must be borne in mind that double-sided and non-plated boards
are merely multilayer boards reduced to their simplest possible form, and
most of the chapters concerned with board manufacture are equally
applicable to all simpler types of boards. This book, however, differs from
all others so far published on printed circuit boards in general in that,
whereas the information offered in other books may sometimes cover
multilayer boards, it is usually aimed at the simpler types of boards or at
general problems of board assembly, and often does not emphasise the
particular requirements of the more sophisticated types. Throughout, this
work offers information on the most complex types, and it confines its terms
of reference to the design and manufacture of multilayer boards, mentioning
only essential differences between multilayer and non-plated boards in
subjects such as assembly, which are well covered elsewhere in the literature.

All the individual authors have been selected as being widely recognised
as leading authorities in their particular fields, and many are familiar as
speakers at international conferences and symposia. Some of the authors
express slightly differing views of aspects of multilayer technology, and
some chapters may duplic: areas covered in other chapters. In places,
there may be what appear to be disagreements or contradictions. These are
not accidental, nor do they indicate any errors by any of the authors. They
are different views of the same subject, and they serve to highlight the fac
that good design and good manufacture may be in direct conflict with
requirements for the best electrical, mechanical or thermal performance
Every equipment designer must set his own standards and adopt those
compromises which best suit the requirements of the particular equipment
being designed

Editing of the authors’ texts has been confined to the minimum necessary
to present a reasonably unified overall style. Generally, dimensions have
been left in the units chosen by the authos ome metric, some Imperial,
and some dual. In certain cases, where dual dimensions are quoted, the
metric figures are not exact conversions of the Imperial values, but are those
approximations which a designer thinking in one of the tems would
naturally use.




Preface

In offering this book to the industry, thanks must be expressed to all the
authors who have collaborated in its compilation, and who have dealt so
patiently with the many queries which have arisen. I hope that the efforts of
all concerned will prove to be of value to the electronics industry as a whole
and that this book will help to answer at least some of the many queries
which arise over. multilayer boards. i

June, 1984
John A. Scarlett, F.Inst.C.T
Galashiels
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Chapter 1

NTRODUCTION

J. A. SCARLETT
STC Exacta Ltd., Selkirk, Scotland

1.1,1 Printed Circuit Boards

Printed circuit boards (PCBs) are key components in almost all electronic
assemblies. Their basic concept is simple enough. A pattern of metal tracks
which serve to interconnect the components is bonded onto an insulated
plastic substrate which provides mechanical support for the components.
When the density of the interconnect is such that all the tracks required
cannot be fitted onto one side of the plastic substrate, the second side can
also be used. When the tracking on two sides becomes inadequate, a
multilayer structure of alternating layers of plastic and patterned metal
tracking is used. Components can be mounted with their leads through
holes in the board and their leads soldered to pads around the holes on the
interconnect tracking or they can be re-flow soldered to pads on the surface.

The functions of a board can be summari:

1 To provide a mechanical support for the components;
2 To provide an electrical interconnect for the components;
3 To provide a safe working environment for the components.

All of these can be provided in other ways, but only a printed circuit board
can offer the user the advantages of:

(i) predictability of electrical performance;

(ii) repeatability of manufacture (if all the interconnections are right on
the prototype, they will be right on all boards that are properly
made);

(iii) reliability;

(iv) low volume;

(v) light weight;

(vi) ease of replacement in field servicing (most boards carry some form
of plug which can be inserted into a socket on the frame of the
equipment);

(vii) ability to carry a printed legend to aid assembly and field servicing;
(viii) ease with which modifications can be made;
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(ix) low unit cost compared with other possibilities;
(x) ease of cooling;

(xi) ability to use mass jointing techniques;

(xii) ability to carry a thermal conducting path

=

1.1.2 History

Like so many everyday items, the multilayer board as it is widely used
today was not invented all at once. A number of different developments,
processes and materials have been involved, and in a brief account such as
this only a few of the main developments can be mentioned Apologies are
offered to any readers who feel they have made a major contribution which
has been ignored.

The first practical printed circuit boards, which were double-sided, are
usually considered to have been those made by Dr Paul Eisler of Pye Ltd in
1942, patented on February 2nd, 1943. The widespread adoption of this
new technology was delayed by the lack of really suitable materials, and it
was not until the 1950s that boards made by etching copper foil bonded to a
glass reinforced epoxide resin substrate were widely used.

The effective use of double-sided boards required an efficient means of
making an electrical connection through the board at a point where no
component lead is to be mounted (a via hole). Work on this continued
through the later 1950s.

Meanwhile, the advent of the transistor as a replacement for the
thermionic valve began to tax the capabilities of the PCB as an
interconnect. The smaller size and lower dissipation of the transistor made
it possible to reduce the overall size of equipments by more than an order of
!nagni(ude, and most or all of the components could be mounted on boards
instead of, in the case of larger, heavier components and sockets for valves,
on a metal chassis. By the late 1950s electronics engineers were finding that
the two outer faces of a board were inadequate to carry the necessary track
patterns.

The main problem which delayed the universal adoption of multilayer
boards was the difficulty of making a reliable interconnection to the buried
tracking on the inner layers. Four possibilities were:

(i) access holes
(i) plated pillars
(iil) metal stakes
(iv) plating through the holes (see Section 1.2).

Multilayer technology as it is known today can really be said to date from
the 1961 patent by Hazeltyne in the USA of the seeded plated-through hole
in a multilayer structure.

Erogress in the development of electroless plating solutions was fairly
rapid, and by the mid 1960s the bonded multilayer board with through-
Pla(ed holes was firmly established as the preferred medium for high density
interconnections. By the end of the decade most of the variants in present-
day use had b_een adopted, and the developments throughout the 1970s have
been mainly in production techniques and materials. Sizes of boards used
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have increased steadily and feature sizes have been reduced to enable very
high packing densities to be achieved.

1.1.3  The Electrical Importance of Multilayer Boards

When printed circuit boards first came into use the operating speeds of
electronic equipment were low, and the performance of any digital system
was governed by the switching speed of the valves or transistors used.
Delays in a few decimetres of wire or tracking could be ignored. The
development of planar silicon transistors and then of integrated circuits
altered this situation. With dev capable of changing their output state in
less than a nanosecond, the effects of a few centimetres of track can be
critical and, instead of being merely an interconnect with no electrical
significance other than its current carrying capacity and voltage breakdown
capability, the PCB became a component whose electrical properties of
inductance, capacitance and line impedance had to be considered along with
the properties of the semiconductor devices used.

Kolias of IBM has suggested that, for a rise time of 1 nanosecond, only
lines shorter than 0:0033 in. (under 01 mm) can be regarded as purely
resistive; up to 1-67 in. (42-4 mm), the lumped characteristics may be used,
but beyond this length the characteristic impedance of the line must be
considered.

With densely packed boards and relatively low line impedances, cross-
talk and the effects of ring and line surge currents have to be considered
very carefully in the design of any PCB for a digital system. When the
importance of the interconnect is considered, it is apparent that the shorter
the tracks can be kept for a given type of interconnect, the lower will be the
chance of electrical malfunction. Conversely, the lower the packing density,
the higher the probability of malfunction (Figure 1.1). It must be noted that
this single line graph is valid only for any one specific type of interconnect
Higher packing densities achieved by changing the nature of the
interconnect, such as by replacing double-sided boards with multilayers,
may introduce discontinuities into the curve as the electrical properties will
be different. A gain in packing density achieved by the use of a different
style of interconnect may be more than offset by increased signal delays in
the denser packing style (see Chapter 23).

1.1.4 Costs and Applications
1.1.4.1 COSTS OF BOARDS

Printed circuit boards, including multilayers and flexi-rigids, usually
provide the most cost-effective method for mounting and interconnecting
components, but this does not necessarily mean that they are cheap. The
simpler single-sided boards in which all holes can be punched and the
profile formed with a single press tool can cost only tens of pence each in
quantity, but double-sided boards with through-plated holes and gold
plated edge connector fingers may cost several pounds, running up to over a
hundred pounds each for small quantities of larger, more densely packed
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boards. Even in large quantities a board can cost almost as much as the total
cost of the components it carries.

Multilayer boards cost significantly more than double-sided boards of
comparable size and complexity. Obviously, costs will vary depending on
the size and nature of the boards concerned and the quantities involved, but
as a very rough guide it can be taken that a four layer board could cost
somewhere between half as much again as a comparable double-sided board
to two and a half times as much. The use of six layers raises these figures to
two and a half up to three and a half times as much as a double-sided, with
comparative costs rising as further layers are added. The use of flexi-rigid or
other more specialised types such as those described in Section 1.2.5
onwards raises these cost ratios significantly, some of the more complex
types of multilayers costing several hundreds of pounds in production
quantities.

It cannot be over-emphasised that these comparative costs are only rough
guidelines and that more accurate quotations should be obtained before any
detailed design work commences.

Whenever board costs are being considered, the costs of design, the
generation of film work, and other tooling costs must not be overlooked.
Design and film costs for a complex multilayer or flexi-rigid may amount to
thousands of pounds, and when only small quantities will be required the
influence of these costs will be considerable. In the Author’s experience, a
break-even with other possible interconnection methods usually occurs
when approximately four boards have been made, but it has been shown
that the superior, predictable and controllable electrical properties of
multilayer boards can make their use justifiable, even with all the design
costs, for a single system.

1.1.4.2  COSTS OF ALTERNATIVES TO BOARDS

With unit costs for large, complex multilayer boards running into
hundreds of pounds, plus design and film costs, such boards may seem
expensive, but only until the true costs of other possible options are
considered. At the smaller end of the size range, epoxy-glass based
multilayer PCBs may be in competition with multilayer ceramic substrates
for hybrid assemblies, but in general the choice of substrate will depend on
the physical properties of the materials rather than on the costs, which tend
to favour the epoxy-glass laminates. With larger multilayer boards the usual
alternative is some form of discrete wiring or cable harnesses. First,
consideration must be given to the provision of some form of mechanical
support for the components or sockets likely to be carried by a multilayer
board. On back wiring panels for rack mounted systems the cost of
providing an accurate, secure mounting for all the connectors is likely to
approach that of a simple PCB, whilst for plug-in units the provision of an
alternative component mounting in any form other than an untracked
board could exceed the costs of a simple board.

All the costs of making and verifying the complex interconnect must then
be considered. On a multilayer board there may be two or three thousand
points to be interconnected. If a board is not used, each of these points must
have a durable, reliable connection made to it, verified, and repaired or
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replaced if necessary, at a cost per connection of only two or three pence.
Wires must be cut to length, terminated, and dressed into channels or tied
into bundles. All this can be automated, but the equipment required is
expensive and often its inflexibility imposes limitations on future
generations of the basic product.

These obvious direct comparisons consider only a part of the true savings
realisable by the use of multilayer boards.

A board contains the interconnect, usually within the volume which
would be occupied by any other purely mechanical form of mounting for
the components. The use of a board permits mass soldering techniques to be
employed, usually with gains in joint reliability of an order of magnitude or
more as well as a substantial cost saving. One major advantage of a
multilayer or double-sided board is that the electrical properties of the
interconnect can be predicted and controlled at the design stage, and will be
substantially the same for all units made. The improvements in
performance and the reduction in development times made possible by the
use of boards may be considered more than adequate justification for their
cost, even if an alternative discrete wiring interconnect were available at
Zero cost

Flexi-rigid boards offer the benefits of the elimination of connections,
either plugs and sockets or wires on pins or in holes, This economises on
materials and labour, but of even greater significance it gives appreciable
increases in overall system reliability coupled with reductions in size and
weight which may be difficult to achieve by any other means.

1.1.4.3  CHOICE OF BOARD TYPE

For any given style of board, such as single-sided, double-sided with
through-plated holes, conventional multilayer, or flexi-rigid, there will be a
range of packing densities beyond which the cost per unit.area of a board
will not be significantly affected by the density. Then, as the number of
holes increases and track and gap widths decrease, the costs begin to rise
more steeply with increased packing density until a cut-off point is reached
at the current limit of the technology (see Figure 1.2).

‘When a new system is being designed, such a graph of costs for the
various possible styles of interconnect can be combined with a graph of the
probability of electrical malfunction (Figure 1.1) to demonstrate the range
of choices open to the designer (Figure 1.3). The curve for electrical
malfunction may have to be broken or stepped to allow for the differing
electrical characteristics of double-sided and multilayer boards, and it may
also have to be sharply biased or cut off to take into account factors like
long-term reliability.

The choice of board type may well be dictated by electrical requirements
or by limitations on space or weight. Any demand for accurately controlled
line impedances or for earth screening will usually necessitate the use of a
multilayer board with internal planes, and limits on the available space for
the equipment can call for the use of high density multilayers or flexi-rigids.
Multilayer boards are occasionally used instead of double-sided because
they are a more recent development or sometimes simply because they cost
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more and are therefore assumed to be ‘better’. The use of a graph such as
Figure 1.3 should help to prevent such costly mistakes.

1.1.4.4 THERMAL PROBLEMS

When the use of multilayer boards is being considered to help to achieve
higher packing densities, it must be borne iq mind U!al not only may the
usually lower line impedances of a mull!layer' offset or _negate any
improvements over the performance of lower dcn_sny double-sided boards,
but the higher packing density may create expensive thermal problems.

Overheating is a notorious cause of unreliability in electronic systems,
and whilst double-sided boards are usually designed at densities such that
air cooling, either natural convection or fan blown, will suffice to keep the
commonly used dual in-line packages at a safe temperature, the higher
component densities achievable on a multilayer may make some form of
conduction cooling essential. )

The first stage of any such cooling is normally a copper or aluminium
heat ladder etched or punched out of sheet 0-5 to 1 mm thick and bonded to
the components side of the board. The heat ladder must have adequate
clearances for all component leads to pass through it, and the obvious need
to maximise the area on which the heat generating components will be
seated, plus the necessity to allow clearance between the metal of the heat
ladder and the live pads on the surface of the board, usually means that the
tolerancing on the manufacture and bonding in position of the ladder is
critical. Such ladders are generally bonded to the face of a finished board
with a low flow prepreg (see Section 1.4.8).

Heat generated by the components is carried by the ladder to the board
edges, where specially designed metal board guides clamp onto the face of
the ladder and conduct the heat away from the board assembly. The design
of the clamping mechanism, which must ensure the best possible thermal
contact when in use but which must open to allow easy insertion and
extraction of boards for servicing, is often a difficult exercise, and
manufacture of the necessary metalwork is seldom cheap. The side plates of
the unit which carry the guides may have to be deeply finned in order to
provide adequate surface area to radiate the heat to the outside air, or on
large systems with multiple rows of boards they may have to be provided
with channels for pumped liquid cooling.

In most systems, the heat generated by the components will ultimately
have to be dissipated to the outside air, which implies that there will have to
be a certain area of radiating surface. It can be found that attempts to
minimise the overall volume of an equipment by the use of high density
conduction-cooled boards may result either in no ultimate saving or even in
a unit with greater overall dimensions. Whether space is gained or lost, a
conduction cooled unit will be considerably more expensive than a simple
air-cooled unit.

Attempts to improve electrical performance on a large system by the use
of high density packaging can have the reverse effect, because the need to
provide cooling channels within the equipment means that some of the
essential inter-board or inter-unit connections must be significantly longer
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than they would have been had a more uniform, lower-density packaging
been adopted.

1.1.4.5 SYSTEM ARCHITECTURE AND BOARD TYPE

Situations can arise in which some early decisions on system architecture
may dictate the use of multilayer boards. Bit or byte split units or boards
may have quite different tracking density requirements from function split
units, and bussed systems also influence the density of their interconnect.
The allocation of board connector pins can have a major impact on the
tracking density of both back wiring panels and plug-in boards. A unit
should be studied as a three-dimensional entity, and the interconnections
can then be organised to provide the best overall tracking density to suit
electrical performance, reliability and cost.

Systems in which a limited number of standard plug-in boards can be
grouped into different overall configurations will usually require multilayer
back wiring panels, as it can be difficult or impossible to organise the
connector pinning on the boards to suit all likely applications. However, on
single-purpose systems which use dedicated boards it may not be necessary
to use a multilayer back wiring. Figure 1.4 shows a typical, small back panel

l:lD
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Fig. 1.4 A back-wiring panel layout which will almost certainly have to be
multilayer to contain the necessary tracking along and across the board sockets on
the left

layout with sockets for nine boards, two round cables, and three ribbon
cables. There can be little doubt that to complete an interconnection on
such a layout, with tracks linking the nine board sockets crossed by tracks
out to the cable sockets, a six or eight layer board will have to be used.
However, if the length of each of the nine board sockets is increased to
allow redundant pins over which tracks can be routed and more spaces
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between pins, and if the cable philosophy is changed to allow the use of in-
line instead of round connectors, then it is possible that the necessary
interconnect could be accommodated on a double-sided board (Figure 1.5).
The savings in board costs should more than offset the increase in connector
costs.

Fig. 1.5 A modification of the back-wiring layout of Fig. 1.4 which might be
implemented on a double-sided board

1.1.4.6 PROBABLE NEED FOR MULTILAYERS

With multilayer boards costing substantially more than double-sided and
the possibility of thermal problems, it may be felt that there is only a limited
field of application for multilayers. Figure 1.6 illustrates very roughly the
probable need to use a multilayer depending on the type of equipment being
made and its application. It can be seen that UHF analogue and fast, high
power digital logic boards, both of which types require controlled
impedance lines, will almost always use multilayers. Military portable and
industrial FHP logic boards are shown with their squares divided vertically
instead of horizontally because there is only a limited likelihood of such
systems being manufactured, but if they were it is almost certain they would
use multilayers.

Two columns are shown for back wiring panels, one to cover situations in
which a system concept may be amenable to alteration to allow the use of
double-sided boards as already described, and the other for thos i
which other requirements preclude any such structuring in order to
minimise the cost of the back wiring.

Figure 1.6 reveals a surprisingly high percentage of board types as being
likely to require multilayer construction. However, this figure is misleading
as it shows equal areas for all types of boards. Figure 1.7 indicates the
approximate market split predicted for the various types of through-hole
plated boards in the foreseeable future. This graph cannot be regarded as
being accurate, as clearly it will be influenced by national and international
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Fig. 1.6 Probability of the need to use a multilayer board for various types of
electronic systems.
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Fig. 1.7 Probable market for electronic systems using through-hole plated boards.

policies on defence spending and in the UK by the future of CB radio.
However, the graph does at least give a crude indication of a possible Splil-

When the two diagrams are combined (Figure 1.8), it can be seen that i i;
probable that between a quarter and a third of the market for lhrough-holé
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ds will be for multilayers of various types. As these diagrams
mbers of boards and not value, and as the multilayers may well
have an average price towards three times (_hat of the average doublc—sldsd}
board, it can be appreciated that the multilayer board will become one of
the most critical components of the electronics industry
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Fig. 1.8 The probable need for multilayer boards.

‘1.2 TYPES OF MULTILAYER BOARD

The term ‘multilayer board’ is usually understood to imply a board
which has been bonded up from separate thin laminations, with holes plated
through the bonded assembly (see Section 1.2.4), other types normally
being qualified by a further description. Strictly speaking, however, a
multilayer board can be any array of more than two layers of tracking, with
or without internal layer-to-layer connections, and such boards can be
constructed from a variety of materials by various methods. In this Section
some of the major variants are described, but no claims can be made that
the list is fully comprehensive.

1.2.1 Access Hole Boards

Access hole boards are probably the oldest type of multilayer board. The
general principle is that the necessary interconnect pattern is designed on a
number of thin, single-sided laminates with all tracking to any given point
completed on one layer. Connections to tracks on all but the outer (solder
side) layer are made possible by drilling large clearance holes in all layers
between the one requiring the connection and the solder side of the board
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(see Figure 1.9). These access holes are usually drilled somewhat larger than
the pads used, to allow for misregistration in assembly of the board, and
their diameter is also influenced by the need to provide adequate access to
the pads for a soldering iron.
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Fig. 1.9 Access hole board.

On a board with three or more layers it may be advisable to use larger
holes for access to the layers nearer the components side. In fact, some
designers prefer to use progressively larger holes in each lower layer of the
board. When all the access holes have been drilled, the board is bonded with
alow flow prepreg or adhesive, and then the holes for the component leads
are drilled. Control of the flow of the bonding layer during assembly is
critical, as it must be sufficient to encapsulate all the tracks on the inner
layers, but not so much as to flow out over the etched copper pads to which
joints will subsequently be formed.

Boards on which all interconnection nets are completed on one layer do
not necessarily have to be bonded, but can be assembled layer by layer onto
the component leads, leaving adequate space between the layers to avoid
moisture retention. Such an assembly constitutes multilayer interconnect,
but it is doubtful whether it should be classed as a multilayer board.

1.2.1.1  ACCESS HOLE BOARDS WITH INTERNAL CONNECTIONS

Situations can arise in which the completion of all tracking to any given
point on one layer of a board can be impossible without using an
impracticably large number of layers. As a simple example, it may be
necessary to interconnect with minimum length tracking four points at the
corners of a square. This can be achieved using a simple X pattern.
However, if the total interconnection requires a multiplicity of such X

REPETITIVE X PATTERN

1.10 A repetitive X pattern which requires as many layers in the board as there
are repeated patterns if via holes are not used

INTER LAYER CONNECTIONS

SAVE EXCESSIVE LAYERS

Fig. 1.11  The use of via holes enables the pattern of Fig. 1.10 to be implemented on
two layers only.




14 Introduction

connections, all superimposed but stepped down the board, then the pattern
will require as many layers as there are superimposed Xs (see Figure 1.10).
On the other hand, if layer-to-layer connections can be made within the
board, this pattern is obtainable on only two layers of nested Vee tracks (see
Figure 1.11).

Layer-to-layer interconnections can be achieved on access hole boards by
using stepped hole and pad sizes as shown in Figure 1.12. With this method
itis not essential to have a small hole right through the board, though some
engineers prefer to insert a headed pin into the hole before soldering and to
bend the pin so that it contacts the faces of the two pads to be connected.
Without such a pin the joint will depend solely on the ability of the solder to
bridge the dielectric material.

& Lee %ﬁﬁ
L " W/Wg

N N I

Fig. 1.12 Access hole board with layer-to-layer connection

1.2.1.2  DISADVANTAGES OF ACCESS HOLE BOARDS

The major disadvantage of an access hole board is the amount of space
occupied by the access holes. The land around the component holes must be
at least that which would be used on a single-sided board (i.e., a minimum
metal condition of more than 0-25 mm), and the access holes must be larger
to allow for all manufacturing tolerances and for easy soldering. A double-
stepped hole as in Figure 1.12, which is not to scale, increases the space
taken up by the hole.

Good bonding which does not flow over the pads is not easy to achieve.
The ability to make connections to inner layers by small diameter plated-
through holes has rendered the access hole board obsolete for many
applications. However, there are instances, especially in dev elopment
projects, in which an access hole board can provide an elegant, cost
effective solution to an interconnect problem

1.2.1.3  SOLDER BUTTONS

One frequently used variant of the access hole board is found on non
through-plated flexible circuits, where the dielectric base can be etched
away from behind pads on the component side of the flexible to allow
access for soldering either to a component lead or to another flexible layer
(see Figure 1.13).
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Fig. 1.13  Back-etched flexible circuit

When employed in flexible circuits such connections are usually called
«solder buttons’. Layer-to-layer connections of this type are generally
successful on flexible circuits because the dielectric material wh_m_h has to be
iy‘ridged by the solder is normally very much thinner than the rigid laminate
and prepreg on an access hole board.

1.2.2 Plated Pillar Boards

Before the plated-through hole became w_idely acgep(ed asa r_ellable inter-
layer connection, there was considerable interest in plated p_lllar boards.
These boards are similar in many respects to ceramic subsfrale
interconnects, with the board being built up. layer by layer b\ successwel:{
plating layers of copper to form the trackxpg, apd depositing layers of
dielectric material through which the plated pillars interconnect these layers

of tracking (see Figure 1.14).

Fig. 1.14  Pillar plated multilayer.

Plated pillar boards have two major advantages over the more
conventional through-hole plated boards, the first being that the layer-to-
layer pillars can be of any suitable shape and size and need not be.any wider
LI\‘un the tracks to which they connect. Their second advantage is that the
pillars can be placed at any convenient point without regard to the positions
of the pillars between other pairs of layers in the board, and the internal
connections are not confined to those between adjacent layers; the pillars
can be built up to any required height.

With care during manufacture these advantages combine to offer the
capability of forming a very high density interconnect.

Opposed to these advantages are the disadvantages that the boards must
be built up layer by layer, making their manufacture slow and expensive (see
Section 1.4.1), and that the dielectric is usually relatively thin, which gives
the tracks on a plated pillar board a fairly high capacitance and low
characteristic impedance.

This electrical disadvantage may be offset by the reduction in track length
achievable compared with other forms of interconnects, and the possibility
of using a plated pillar board as an alternative to a ceramic substrate should
not be overlooked. The fact that the layer-to-layer interconnections can be
effected without drilling can make the use of plated pillar boards especially
attractive when all the components to be interconnected can be surface
mounted.
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When employed in flexible circuits such connections are usually called
‘solder buttons’. Layer-to-layer connections of this type are generally
successful on flexible circuits because the dielectric material which has to be
bridged by the solder is normally very much thinner than the rigid laminate
and prepreg on an access hole board.

1.2.2  Plated Pillar Boards

Before the plated-through hole became widely accepted as a reliable inter-
layer connection, there was considerable interest in plated pillar boards.
These boards are similar in many respects to ceramic substrate
interconnects, with the board being built up layer by layer by successively
plating layers of copper to form the tracking, and depositing layers of
dielectric material through which the plated pillars interconnect these layers

of tracking (see Figure 1.14).

Fig. 1.14 Pillar plated multilayer

Plated pillar boards have two major advantages over the more
conventional through-hole plated boards, the first being that the layer-to-
layer pillars can be of any suitable shape and size and need not be any wider
than the tracks to which they connect. Their second advantage is that the
pillars can be placed at any convenient point without regard to the positions
of the pillars between other pairs of layers in the board, and the internal
connections are not confined to those between adjacent layers; the pillars
can be built up to any required height.

With care during manufacture these advantages combine to offer the
capability of forming a very high density interconnect.

Opposed to these advantages are the disadvantages that the boards must
be built up layer by layer, making their manufacture slow and expensive (see
Section 1.4.1), and that the dielectric is usually relatively thin, which gives
the tracks on a plated pillar board a fairly high capacitance and low
characteristic impedance

This electrical disadvantage may be offset by the reduction in track length
achievable compared with other forms of interconnects, and the possibility
of using a plated pillar board as an alternative to a ceramic substrate should
not be overlooked. The fact that the layer-to-layer interconnections can be
effected without drilling can make the use of plated pillar boards especially
attractive when all the components to be interconnected can be surface
mounted.
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1.2.3 Staked Boards

The theory of a staked board is that connections can be made to the inner
layers of a multilayer stack by metal stakes which are driven dow n through
the board, deforming and making contact with the copper pads on inner
layers (see Figure 1.15), thus obviating any need for through-hole plating
and for drilling via holes. The stakes can even be driven through an

undrilled board.
e
/7>

—

Fig. 1.15  Staked multilayer.

Although many tests have been carried out to demonstrate the reliability
of staked connections, field results have not been satisfactory, and in the
Author’s experience the use of staked connections is best confined to
double-sided boards where the Jjoint provided by the deformed metal can be
supplemented by soldering. The mass of metal of the stakes can lead to
problems with thermal retention during wave or dip soldering of
components, which can cause blistering or delamination of multilayer
boards. The possibility of using staked connections should not be ignored,
but in the Author’s opinion they are unlikely to provide a viable alternative
to the through-plated hole which has superseded their use on double-sided
boards.

1.2.4  Bonded Through-hole Plated Boards

Usually when multilayer boards are mentioned the automatic assumption
is that they will be bonded, through-hole plated boards. This widely
accepted convention has been followed throughout this book where, unless
stated otherwise, the terms ‘multilayer’, ‘multilayer board’, or
‘multilayer circuit board’ do refer to this type.

These boards comprise a number of track-carrying, thin rigid laminates
bonded together, with layer-to-layer connections and component mounting
holes formed by plated-through holes which are drilled after the boards
have been bonded (see Figure 1.16). They may have any number of layers
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Fig. 116 Conventional bonded, through-plated hole mulilayer with six layers.

1.2.5 Buried Via-hole Boards

One of the limitations of a bonded PTH board is that a via hole Much
interconnects tracks on two layers must pass through all ([!c other la}?;s]i
The minimum size of such a via hole is d \,ta[‘cd_by the reqmrcmcn;‘ x‘o ( n1
and to plate through the full thickness of the finished board, with t va\"LS\J t
that a via hole often severely restricts the tracking on all the board layers to

C| oes not connect.
x‘lzl";}llzi:;zelian[age of the conventional multilayer board can b_c ov crconvxe
by using inner rigid laminates which have through-hole plal.cd via holes }Ihd&
interconnect the tracking on their two sides instead of using plain etche
laminate. Component mounting holes, and any via holes which must
interconnect tracks on non-adjacent layers are drilled and plated after
bonding in the usual manner (see Figure 1.17).
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Fig. 1.17 Buried via-hole board.
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As on a pillar plated board, via holes between one pair of layers can be
superimposed on the same sites as those between other pairs of layers, but
the internal connections are restricted to those between pairs of layers which
will be formed on the two sides of a rigid inner layer laminate.

The use of buried via holes provides a significant increase in the tracking
density compared with that of a conventional multilayer, but the cost
involved is also significantly higher.

1.2.6 Sequential Buried Via-hole Boards
1.2.6.1 TWO.LEVEL BURIED ViA HOLES

The buried via-hole concept can be extended by taking pairs of inner layer
laminates with first level via holes plated, bonding the pairs together and
then drilling and plating further via holes before bonding the whole board
together (see Figure 1.18). This allows an interchange of track levels among
groups of four inner layers, and can help to solve some tracking problems
which may not be easily resolved by a single level of buried via holes. Whilst
this technique can simplify the design of the board and permit the
implementation of extremely complex interconnects, it is a very expensive
way of producing a board and should be used only when all simpler
techniques have failed to yield the desired interconnect.

Fig. 1.18  Sequential buried via hole.

1.2.6.2  MULTIPLE LEVEL BURIED VIA HOLES

The sequential technique of plating one level of via holes, bonding, then
plating a further level of via holes can be further extended, as in Figure
1.19, to make buried via-hole boards that offer the possibility of linking
almost any desired pair of tracks within the board at any point. It must be
noted that to avoid an excessive build-up of copper on any layer, successive
pairs of layers must be added on alternate sides of the original pair of
bonded layers. Because of their sequential manufacture, boards of this type
are invariably very expensive, and it is possible that pillar plating techniques
may prove more cost effective.
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Fig. 1.19 Fully sequential multilayer build.

1.2.7 Double-double Boards

As an alternative to a buried viarht_)le board, a high _dcnslly mullulag'erg
in{erconnccl can be formed by bondm_g together a pair of doubhe-il e
boards with through-plated via holes. Since power planes and eart p ‘ane;
do not require connections to other layers or to one anqther, a l_}:ilglple;el}(‘yc
laminate carrying a pair of planes can be .xa.udwncl\ed in th: n:;v j 01 e
board (see Figure 1.20). Component mounting holes are drille 4;1‘ p! ad d
after bonding. The essential differcr?ccs between a duuble-du; e an (f
buried via-hole board are that on the former all holes are expose Oél one '01
the outer faces of the board, and the outer fagcs carry a iuhsmmt]a‘
percentage of the tracking, whereas on a buried via-hole board the outer
layers often carry pads only.
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Fig. 1.20 Double-double board.

1.2.8 Double-multilayer Boards

A logical extension of the ‘double-double’ concept is to use a pair of thin
multilayer boards instead of double-sided boards (see Figure 1.21). Because
all the via holes in the multilayer portions are filled with resin during the
final bonding, pads can be run over the sites of the holes, rendering double-
multilayer boards particularly suitable for use with surface-mounted
components, which can now be accommaodated on both sides of the board
In such cases, it is probably better to include a power and earth plane layer
in each of the multilayer halves instead of in the centre of the stack so that
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Fig. 1.21 Double multilayer board.

and earth connec to the surface e be
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1.2.9 Flexi-rigid Boards

So far, all the types of multilayer boards described have been assumed to

ac nent ch is not co-p r with the face tasah
bet twor areas, or to ¢ electrical s toa gparto
equipment.
1 rd, -ri ve
e 1th in to

r

1.2.10 Other Forms of Multilayer Interconnects

1.2.10.1 ETCHED AND WELDED INTERCONNECTS
by
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a TRACKS ETCHED AND HOLE ETCHED IN SUBSTRATE

b TRACK END BENT OVER

Fig. 1.22 Welded nickel interconnect.

1.2.10.2 THREE DIMENSIONAL PLANAR CO-AXIAL INTERCONNECT

A very high density interconnect with excellent thermal conductivity
developed by the Bunker-Ramo Corporation of America consists basically
of stacked layers of copper sheet 0-15 mm thick containing small co-axial
interconnecting tracks. The tracks are formed by etching into one side of
the copper sheet grooves with a step in the centre of their bases (Figure
1.23a). These grooves are filled with plastic, and similar grooves are etched
from the other side and filled, thus leaving isolated centre tracks embedded
in the plastic (Figure 1.23b). Where a connection is required to another
layer, a copper pillar is left, the ends of which are plated with gold to create
a small bump (Figure 1.23c, left).

Semiconductors, either as bare chips or in flat packs or chip carriers, are
welded into the interconnect in square apertures into which the ends of
tracks project as inverse beam leads (Figure 1.23c, right). Some layers of the
stack contain the active devices, some are track layers, and alternate layers
carry only isolated pillars to provide layer-to-layer connections. The layers
of the stack are clamped together, with reliable layer-to-layer contact
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1.3.2.4 LAMINATE PREPARATION
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MECHANICAL DAMAGE












“Registered trademark of Fortin Laminating Corporation












2.6.4.2 DOUBLE TREATMENT OF COPPER

















































































