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Risen Saviour,
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yet chose to make me worthy of

being called HIS child.



PREFACE

This book is the first, in the series of books that has been planned on Electronic Product

Design. The book has been named Basics of PCB (Printed Circuit Board) Design as it

provides the bare minimum requirements that is required to get familiar with PCBs and

the steps required to become a PCB designer quickly. This book has been written for the

thousands of electronic engineers who come out of the Engineering Colleges every year

with stars in their eyes with a desire to get into the fancied electronics industry. This

book gives the user the basic understanding of the history of PCBs, basics of the design

and the procedures and best practices that are followed in the PCB design industry. This

book will help the engineers to get direct employment into the PCB design Industry and

enable them to be productive right from the very beginning of their design careers. The

Electronic Product Industry is growing every day and the need for new PCBs is

constantly growing. Newer components and advanced technologies have bought about

the need for engineers familiar in board re-spins and re-engineering. This book is not

only to be used as a text book in engineering colleges and polytechnics but also as a

hand book of PCB designers. Watch out for the next in the series of Electronic Product

Design – Basics of FPGA design.

MEHTA S.D.
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1

After you have studied this
chapter you should be familiar
with the following

 Printed Circuit Board and
its History

 Types of PCBs

 Mounting Technologies

 Soldering and Solder
Masking

 Common Terminologies
Faced in PCB design

 Overview of PCB design
flow

C h a p t e r 1
PRINTED CIRCUIT BOARD

—AN OVERVIEW

O B J E C T I V E S NEXT GENERATION ELECTRONIC PRODUCT
DESIGN

Electronics Technology is evolving at a
tremendous pace that is growing along with the
growing need for miniaturization and faster
products. The other factor that is driving the product
design is the increased focus on products that can be
cheaper yielding a quicker return on investment, and
the need to remain one step ahead of the
competition.

Developing the products for the next generation
is witnessing a totally new approach; the days of
developing products in an "ad-hoc" manner are
slowly disappearing. The focus is more on the
process and best practices that have evolved over a
period of time. The need to have products that are
cheaper has taken the electronic product design to
new heights, Each and every stage of the product
design needs a collaborative effort across wider eco-
systems and is more and more software-centric. This
is the key to achieve a sustainable product which
will last its life time with the key differentiation
factors

WHAT IS A PCB?
Printed circuit board, more commonly known

as PCB is a stratum on which electronic components
are electrically conducted using conductive
pathways, tracks, traces etched from copper sheets
laminated on to a non conductive substrate. It is also
known as printed wiring board or etched wiring
board. A PCB populated with electronic components
is called Printed Circuit Assembly or Printed Circuit
Board Assembly.
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2 Electronic Product Design Vol. I — Basics of PCB Design

This assembly normally requires more initial effort and cost towards design and layout
but is much cheaper as it moves towards mass production. IPC the Association Connecting
Electronics industries is responsible for setting the standards for the electronics industry's
PCB design, assembly, and quality control.

HISTORY OF PCB
In the early 1850s Large electrical components were placed on large wooden boards

and were connected by electrical wires, this was the beginning of modularity in electrical
systems. In due course the electrical wires were replaced by metal strips connected to screw
terminals while metal chassis replaced the wooden blocks as they were lighter and easier to
handle. These systems gave way to creating a conducting path on an insulated surface by
printing through stencils, this was the actual beginning of the usage "printed circuit"

The Invention of PCB has been credited to Paul Eisler, an Austrian engineer who made
the PCB as a part of a radio set in 1936. During In 1943 during the World War II there was
need for a mass production of radio sets and the PCB technology developed was put into
use. USA made effective use of the technology to churn out rugged radio sets that could be
used during the war. The wartime utility was identified and was released for commercial
purposes in 1948 but became widely used only by 1950. In the initial period and to some
extend prevalent even today, holes were drilled into the boards and the components were
physically inserted and soldered with lead to establish the connectivity. This method of
assembly was commonly called "Through hole assembly" technique.

 Two engineers in the US army, Moe Abramson and Stanislaus F. developed the Auto-
sembly process in which the connecting ends (leads) of the component would be inserted
into a copper foil interconnection which would then be dip soldered. The evolution of the
PCBs with advanced lamination and etching techniques would pave way to standard PCB
fabrication process that is prevalent even today - Wave soldering.

MORE HISTORICAL FACTS ABOUT PCB
The advent of transistors led to the shrinking in the size of components that could be

mounted on the PCB. Evolution of better PCB design practices led to the reduction in size
of the PCB itself and the overall size of the electronic package itself.

The mass production of a large number of rugged radio sets for the world war II led to
the popularization of the use of PCBs. This was perhaps the first time the true value of
PCBs came to the fore, the need was large, the operating conditions were not exactly ideal,
and much depended on the need for communication to relay strategies from the different
sectors of the battle field. In the post war scenario, the technology was released as an
invention for commercial use in 1948. By 1950 the usage of Printed Circuits became
common with the development of the Auto-Sembly process developed by the US army, this
was to be followed by the through hole technology replaced later by surface mount
technology

TYPES OF PCB
Single Sided PCB: Single Sided boards have components on one side of the board and

normally the copper traces on the opposite side of the components
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Printed Circuit Board—An Overview 3

Double Sided PCB: Double Side PCBs have the components and circuitry on both
sides if the board. The Electrical connections between the circuits on each side are made by
drilling holes through the substrate in appropriate locations and plating the inside of the
holes with a conducting materials

Multi Layer PCB: A Multi-Layered board has a substrate made up of layers of printed
circuits separated by layers of insulation. The components on the surface connect through
plated holes drilled down to the appropriate circuit layer. This greatly simplifies the circuit
pattern.

Flexible PCB: A Printed circuit board produced on a thin flexible substrate allowing
it to be folded or bent in order to fit in the available space or allowe relative movement

MULTI-CHIP MODULES (MCM)
MCMs are essentially miniature PCBs. Miniaturization is achieved by removing

components like ICs from their package and mounting them directly to the substrate using
wire bond flip chips

THRU-HOLE TECHNOLOGY
Through hole technology is also called as Thru-hole technology refers to the technique

used for mounting of electronic components on a printed circuit board using a lead solder.
The lead soldering normally happens on the reverse side of the PCB by either manual
assembly i.e., physically placing the components on to the board before soldering it on to
the board. The alternative method is by using the assembly line technique which involves
the use of automated insertion mount machines. This technology was prevalent from the
1950s till the early 80’s, effectively replacing the earlier electronic assembly techniques.

SURFACE MOUNT TECHNOLOGY
Surface Mount Technology (SMT) was the technology that was developed as early as

1960 but became popular in the late 80’s. SMT used the concept of constructing the
electronic circuits where the components could be directly pasted on the surface of the
PCBs. The devices used for this purpose was called Surface Mount Components (SMC)
and the Electronics Devices thus manufactured were called Surface Mount Devices (SMD).
The SMT Components are normally very small and required very small quantities of lead or
no lead - this led to virtually lead free PCBs. Some dialects commonly used in Surface
mount practice is given below.

SMT DIALECT                                        Expanded Form

SMD Surface Mounted Devices (active, passive and electromechanical
components)

SMT Surface Mounted Technology (assembling and montage technology)

SMA Surface Mounted Assembly (module assembled with SMT)

SMD/C Surface Mounted Devices / Components (components for SMT)

SMP Surface Mounted Packages (SMD case forms)

SME Surface Mounted Equipment (SMT assembling machines)

Fig 1.1. Different SMT Dialects
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4 Electronic Product Design Vol. I — Basics of PCB Design

WAVE SOLDERING
Wave soldering is a large scale soldering process used to solder electronic components

to the PCB. The process uses large quantity of molten solder filled in a tank which is then
exposed to PCBs fitted with the components in a wave or waterfall form. The solder wets
the areas that are not exposed to the solder mask creating a reliable electrical connection.
This process is very popular as it is reliable and aids in achieving board with higher quality
compared to manual soldering. The process also helps the companies to obtain better
throughput (Read as, manufacture more assembled PCBs)

SOLDER MASKING
Solder masking is a process of mechanism developed and commonly used for the

purpose of wave soldering in order to protect the copper traces on a PCB from getting
bridged. Solder mask is a protective coating that provides a permanent coating for the copper
traces of a PCB. It is a polymer which prevents the solder from bridging between two
conductors, preventing short circuits.

There are different kinds of solder masks available, the solder mask of Epoxy is the
cheapest while the Liquid Photoimageable solder mask (LPSM) inks and Dry film
Photoimageable solder masks(DFSM) are expensive but are easy to use. LPSM can be
silkscreened or sprayed onto the PCB exposed to the pattern before being developed while
DFSM is vacuum laminated one the PCB before being developed. Once the PCBs are
developed and the patterns are defined they go through a process of thermal curing.

Drilling holes into the PCB was difficult wasteful and expensive, the process also
included cutting of the protruding wires which was also cumbersome. This technology gave
way to another which is commonplace today - the use of surface mount parts on PCB which
reduced the need to drill holes into the PCBs. The use of surface mount parts was also
spurred by the need to have smaller, lighter components. This led to the reduction in the
size of the modules, which resulted in much sleeker instruments, the other major advantage
derived out of this was the significant reduction in power requirement and reduction in heat
generated by the components. The other side of this was however increased complexity in
designs, signal integrity and thermal related challenges. The Increase in the component
density and closeness in electrical connectivity led to the evolution of a new era in PCB
design - Integrated circuit chips.

COMMON TERMS AND TERMINOLOGIES IN PCB DESIGN
PCB design for the next generation electronic products is an art as well as a science, it

is a collaborative effort by various individuals, depending on the complexity associated with
it. There are many terms and terminologies that a designer / designing team would use, let
us understand in brief what these terms are and what they mean w.r.t PCB designing.

MILESTONES
Milestone is a general term used to denote the distance traveled from a particular point

of starting/beginning in the direction of the destination. In the scenario of a software/
hardware development, milestone is a project management term used to denote the
completion of a task or a package or a phase e.g., sign off of System Requirement
Specifications.
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Printed Circuit Board—An Overview 5

Apart from denoting the completion of a key deliverable, it can also signify an
important decision which affects the future outcome of a project. Thus the milestone is not
just an indicator of how far one has traveled but also how far he is from the destination and
whether or not the progress is in the right direction.

INTEGRATED CIRCUIT CHIPS
Integrated Circuit Chips commonly called ICs or chips were introduced in the early

1970s and they contained a few thousand to a few million transistors. They consist of semi
conductor devices and passive components to form a micro electronic circuit. They are
manufactured in the surface of a thin substrate of semiconductor material evolved from
silica (from Sand) - The process of manufacturing chips or ICs from sand is an interesting
process that can be viewed at http://www.youtube.com/watch?v=Q5paWn7bFg4

 Fig 1.2.  Sample PCB design using Altium Designer, A popular PCB CAD tool

The ICs quickly made its way into the PCB designing and manufacturing process and
today's PCBs typically connect these ICs with limited discrete components.

FPGA
FPGA a commonly used term for field programmable gate arrays, is an integrated

circuit that is designed in a way that it can be re-programmed or re-configured to give a new
functionality even after it was manufactured. FPGA is an evolution from a common platform
called Programmable Logic Devices (PLD), which was developed as a glue logic device
intended to help 2 ASICs (Application Specific Integrated Circuit) with different
communication protocols to exchange information with each other for the benefit of the
system. FPGAs have traveled a long distance from being just a glue logic device to entering
into the main stream of Electronic Products. Many a high speed design of PCBs involve
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6 Electronic Product Design Vol. I — Basics of PCB Design

FPGAs whose packaging is different from the conventional ICs, it is good for PCB
designers to understand FPGAs. Present day FPGAs are packaged in a Ball Grid Array
(BGA) format and are not possible to be soldered by hand. The FPGA configuration is
generally specified using a Hardware Description Language (HDL), the most commonly
used Hardware description Languages are VHDL and Verilog.

Fig. 1.3. Sample FPGA design using Altium Designer an Industry standard PCB CAD tool

CROSS TALK
In Electronics Cross talk is considered as a phenomenon by which when a signal is

transmitted through one channel creates an undesirable or unexpected result on another
channel. Crosstalk is caused by capacitive, inductive, or conductive coupling from a part of
the circuit to the other. Similarly on a PCB which has traces of the metal on a non
conducting substrate it is essential to study the effects of the signals passing through one
trace, communication channel on the other. It is very important that these challenges are
resolved for the PCB system to produce the desired effect or result

MULTI-LAYER PCBS
In the early days of PCB design and manufacture single sided PCBs were common and

later gave way to 2 sided PCBS, they helped in reduction of the space required for 2 PCBs
in an electronic system, this also improved the reliability of the system as the connecting
wires that were soldered could give away owing to rough handling. Technology has
advanced quite appreciably that we have multi-layer PCBs being designed and
manufactured today.
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