Published by

All Rights Reserved,
First Edition, January 2018

Printed in India at

Copyright © 2018
Electronic Sector Skills Council of India (ESSCI)
602-608, 6th Floor, Ansal Chambers-II. Bhikaji Cama Place, New Delhi-110066
Email: info@essc-india.org
Website: www.essc-india.org
Phone: +91-11-46035050

Disclaimer
The information contained herein has been obtained from sources reliable to ESSCI. ESSCI disclaims all
warranties to the accuracy, completeness or adequacy of such information. ESSCI shall have no liability
for errors, omissions, or inadequacies, in the information contained herein, or for interpretations thereof.
Every effort has been made to trace the owners of the copyright material included in the book. The
publishers would be grateful for any omissions brought to their notice for acknowledgements in future
editions of the book. No entity in ESSCI shall be responsible for any loss whatsoever, sustained by any
person who relies on this material. The material in this publication is copyrighted. No parts of this
publication may be reproduced, stored or distributed in any form or by any means either on paper or
electronic media, unless authorized by the ESSCI.

ii

Skilling is building a better India.
If we have to move India towards
development then Skill Development
should be our mission.
Shri Narendra Modi
Prime Minister of India

iii
iii

Participant Handbook

iv
iv

Acknowledgements
The need for having a standard curriculum for the Job Role based Qualification Packs under
the National Skills Qualification Framework was felt necessary for achieving a uniform skill
based training manual in the form of a Participant Handbook.
I would like to take the opportunity to thank everyone who contributed in developing this
Handbook for the QP Pick and Place Assembly Operator.

The Handbook is the result of tireless pursuit to develop an effective tool for imparting the
Skill Based training in the most effective manner.

I would like to thank the team of KontentEdge for their support to develop the content, the
SME and the team at the ESSCI along with the industry partners for the tireless effort in
bringing the Handbook in the current format.

CEO
Electronics Sector Skills Council of India

v

Participant Handbook

About this Book
This Participant Handbook is designed to enable training for the specific Qualification Pack (QP).
Each National Occupational (NOS) is covered across Unit/s.
Key Learning Objectives for the specific NOS mark the beginning of the Unit/s for that NOS.
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•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Describe a pick and place machine operator
Explain the basics of active and passive components
Explain the basics of a PCB
Describe the process of mounting components on a PCB
Explain Surface Mounting Technology (SMT)
Explain the basics of PCB assembly (PCBA)
Describe the parts of a pick and place machine
Explain the setting up the pick and place machine software
List the elements to be inspected
Identify problems with a pick and place machine
Execute preventive maintenance tasks
Explain the need of documentation in PCB manufacturing
Define reporting structure for smooth flow of tasks
Identify target setting and achievement process
Identify the correct way of interacting with supervisors and colleagues
Identify soft skills required for doing the job of an assembly operator

The symbols used in this book are described below.
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Key Learning Outcomes
At the end of this module, you will be able to:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Describe a pick and place machine operator
Explain the basics of active and passive components
Explain the basics of electromechanical components
Describe the characteristics of electronic components
Explain the basics of a PCB
Describe the process of mounting components on a PCB
Explain Surface Mounting Technology (SMT)
Explain the basics of PCB assembly (PCBA)
Describe the (PCB) assembly process
Explain the types of PCB assembly process
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UNIT 1.1: Role of Pick and Place Machine Operator
Unit Objectives
At the end of this unit, you will be able to:
1. Describe a pick and place machine operator
2. Explain the basics of active components
3. Explain the basics of passive components
4. Explain the basics of electromechanical components
5. Describe the characteristics of electronic components

1.1.1 Who is a Pick and Place Operator?
A pick and place machine operator is a person responsible for operating the automated pick
and place machine. The following figure lists the responsibilities of a pick and place assembly
operator:
Run the programming of the machine
Set up the machines and the tools required for assembling the
components
Identify the surface mount technology (SMT) components

Check the loading and unloading of the components

Clear the reel path in case of improper flow of components
Visually check the solder paste and assembled board and ensure that
components are according to the design chart
Fig. 1.1.1: Responsibilities of a pick and place assembly operator

To perform his/her job role properly, it is important that the pick and place operator has a
thorough knowledge of the various electronic components used in the process. These
components are mainly of three types. The following figure represents the types of electronic
components:

Active
Components

Passive
Components

Fig. 1.1.2: Electronic components
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1.1.2 Active Components
Active components depend on a source of energy to perform their functions. These
components can amplify current and can produce a power gain.
The following figure lists the different types of active components in a circuit:

Diode

Light Emitting
Diode(LED)

Active
Components

Transistor

Integrated
Circuit(IC)

Fig. 1.1.3: Active components

Diode
A diode is a specialized electronic component with two terminals known as the anode and the
cathode. It has asymmetric conductance, which means that it conducts mainly in one
direction. It has very less resistance, ideally zero, to the flow of current in one direction
whereas it has high resistance, ideally infinite, in the other direction. Diodes are usually made
up of semiconductor materials such as germanium, silicon or selenium. The following image
shows diodes:

Fig. 1.1.4: Diodes
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Transistor
A transistor is an electronic device, made up of a semiconductor material. Usually, it consists
of three or more terminals for connecting to an external circuit. It is utilized to amplify or
switch electrical power and electronic signals. The following image shows a transistor:

Fig. 1.1.5: A transistor

IC
An IC, also known as a microchip, is a semiconductor wafer on which a number of small
resistors, capacitors and transistors are fabricated. It can work as an oscillator, an amplifier, a
timer, a counter, a microprocessor or as computer memory. The following image shows an
IC:

Fig. 1.1.6: An IC

LED
An LED is made of a p-n junction diode which releases light when it is activated. It is a twolead semiconductor source of light. Energy is released as photons when a suitable voltage is
applied to the leads. The following image shows an LED:

Fig. 1.1.7: An LED
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1.1.3 Passive Components
Passive components are those components which can perform their specific functions
without any power source. These components are incapable of controlling current.
The following figure lists the different types of passive components in a circuit:

Transformer

Thermistor

Resistor
Passive
Components

Inductor

Capacitor

Fig. 1.1.8: Passive components

Generally, resistors, capacitors, inductors are used as SMT components.
Resistor
A resistor is a component in an electronic circuit which is built to resist or limit the flow of
current in that circuit. It may be a small carbon device or a big wire-wound power resistor. Its
size varies in length from 5mm up to 300mm.
The following image shows resistors:

Fig. 1.1.9: Resistors
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Capacitor
A capacitor is a device which is made up of one or more pairs of conductors and an insulator
separating them. It is used to store electric charge. The following image shows capacitors:

Fig. 1.1.10: Capacitors

Inductor
An inductor consists of a coil or a wire loop. This component is used to store energy in the
form of a magnetic field. The more the turns in the coil, the more will be the inductance.
The following image shows inductors:

Fig. 1.1.11: Inductors
[

1.1.4 Electromechanical Components
Electromechanical components convert electric energy into mechanical energy (mechanical
movement) or vice versa for carrying out electric operations. The following figure lists various
electromechanical components:
Electromechanical Components

Motor

Printed
Circuit
Boards

Relay

Circuit
Breaker

Switch

Connector

Starter

Timer

(PCBs)

Fig. 1.1.12: Electromechanical components

Of all these electromechanical components, a pick and place operator needs to know only
about PCBs.
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PCB
A PCB acts as a base for the components that are mounted on its surface and are
interconnected with wires, conductive tracks and so on. The components are generally
soldered on the circuit board according to the specified design. Some common PCB
components include battery, resistor, LEDs, diodes, switches, inductors and so on. The
following images show arrangement of different components on PCB:

Fig. 1.1.13: Arrangement of different components on PCB

1.1.5 Characteristics of Electronic Components
When the electronic components are added to a circuit, their colour coding, polarity,
orientation and tolerance need to be taken under consideration.
Colour Coding
Colour coding was formulated to indicate the value of electronic components such as
resistors, capacitors, diodes and ICs.
Resistors
In a resistor, colour coding is read as follows:
•
•
•
•

Colour bands should be read from that end which has the bands nearest to it.
The 1st and 2nd bands stand for the ﬁrst two digits.
The 3rd band represents the power-of-ten multiplier (the number of zeroes after the
second digit).
The 4th band represents the manufacturer's tolerance (accuracy of the resistor).
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The following image shows colour coding in a resistor:

Fig. 1.1.14: Colour coding in a resistor

Capacitors
Capacitor colour coding is mostly similar to resistor colour coding. In a capacitor, colour
code is read as follows:
• Colour bands should be read from left to right.
• The 1st and 2nd bands stand for the ﬁrst two digits and represent significant digits.
• The 3rd band represents the power-of-ten multiplier (the number of zeroes after the
second digit).
• The 4th band represents the manufacturer's tolerance (accuracy of the resistor).
• In case of a five band capacitor, the first band represents the temperature coefficient
and then the remaining four bands are the same as discussed above, starting from the
significant digits to tolerance.
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The following image shows colour coding in capacitors:

Fig. 1.1.15: Colour coding in a capacitor

Diodes
In diodes, colour coding is read as follows:
• Colour bands should be read from that end which has the bands nearest to it.
• The 1st and 2nd bands are for prefixes.
• The 3rd and 4th bands represent significant digits.
The following image shows colour coding in diodes:

Fig. 1.1.16: Colour coding in diodes
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ICs
In ICs, colour coding is read as follows:
• Colour bands should be read from left to right
• The 1st band represents prefixes.
• The 2nd band represents the first set of significant digits.
• The 3rd and 4th bands represent the second set of significant digits.
The following image shows colour coding in ICs:

Fig. 1.1.17: Colour coding in ICs

Polarity
In electronic components, the polarity of a component means whether the component is
symmetric to the circuit or not. A non-polarized component can be connected in the circuit in
any direction. A polarized component can only be connected in the circuit in a specified
direction as a polarized component can have two to more pins and each pin has its own
unique function. Therefore, it needs to be attached to a specified position in the circuit. In
case a polarized component is connected incorrectly, then the component will not work or
may get damaged. The following figure shows polarity in electronic components:

Fig. 1.1.18: Polarity in electronic components

Orientation
Every electronic component has a symbol present on it. This symbol is referred to as
orientation and it enables every pin to be matched to the circuit board according to the pin
numbers.
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The symbols which are present on the components are:
• Stripe
• Notch
• Dimple
• Number
• Wedge
The following images represent some orientation symbols present in electronic components:

Fig. 1.1.19: Some orientation symbols in electronic components

Tolerance
Every electronic component has a range of specified value or percentage of error within which
it can vary its value. This is known as the tolerance of an electronic component.
The following table lists the tolerance values of some of the electronic components:
Component

Tolerance

Resistor

Printed on the body of a resistor

Capacitor

Between +20% to -20%

Diode

Between +5% to -5%

ICs

0

Fig. 1.1.20: Tolerance values of some electronic components
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Activity
Identify the different electronic components and write down their names in the boxes given
below them:
1.

2.

3.

4.

5.
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Activity
Categorize the following components as active or passive:
1.
2.
3.
4.
5.
6.
7.

Resistor
Transistor
Capacitor
Diode
LED
Inductor
IC
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Activity
Calculate the resistance and tolerance of the following four-band resistor:
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UNIT 1.2: Basics of PCB
Unit Objectives
At the end of this unit, you will be able to:
1. Explain the basics of a PCB
2. Describe the basics of a PCB design
3. Identify the types of PCBs
4. Describe the process of mounting components on a PCB
5. Explain Surface Mounting Technology (SMT)

1.2.1 PCB
A PCB is found in almost all electronic devices. It is at the heart of all motherboards and
graphic cards used in electronics. It acts as a base for the components that are mounted on
its surface and provides electrical connections between these components with wires,
conductive tracks and so on. Components are generally soldered on the circuit board
according to the specified design. The following image shows a typical PCB:

Fig. 1.2.1: A typical PCB
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1.2.2 PCB Design Basics
The design of a PCB starts from the base of a PCB that contains many layers. The function of
each of these layers is to integrate the functionality of the circuit board. The following figure
shows the basic layers of a PCB:
Substrate

•It is the base layer of a PCB which gives it rigidity to
support all the components.

Copper

•It is a conductive copper foil added to each functional
side of a PCB, whether it is a single or a double-layered
PCB.

Soldermask

•It is the signature green colour of a PCB.
•It masks the copper traces obtained from contact with
conductive material.

Silkscreen

•It is the final layer which adds labels to the PCB, like
characters and symbols, to indicate function of each
component.

Fig. 1.2.2: Basic layers of a PCB

1.2.3 Types of PCB
The following figure shows the classification of PCBs:
Single-layer
On the basis of
layers

Double-layer
Multi-layer
Rigid

Types of PCBs

On the basis of
substrate material

Flexible
Flex-rigid

On the basis of
application fields

Fig. 1.2.3: Classification of PCBs
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Single-Layer PCB
A single-layer or single-sided PCB has a single layer of base material or substrate. One side of
the base material is coated with a thin layer of metal, usually copper, as it is a very good
electrical conductor. A protective solder mask is usually applied on top of the copper base
plating followed by a silk-screen that marks out all of the elements on the board. Singlelayer/single-sided PCBs are very easy to design and manufacture as the circuits and
components are soldered onto one side only. The following diagram shows the design of a
single-layer PCB:

Fig. 1.2.4: Single-layer PCB

Double-Layer PCB
Double-layer or double-sided PCBs have a thin layer of conductive metal such as copper,
applied to both sides of the base material. Holes are drilled through the board to connect the
circuits on one side of the board to the circuits on the other side. The following diagram shows
the design of a double-layer PCB:

Fig. 1.2.5: Double- layer PCB

Multi-layer PCB
Multi-layer PCBs consist of a series of three or more double-layered PCBs. Specialized glue is
used to secure these boards together. The boards are then sandwiched between pieces of
insulation to ensure that excess heat doesn't melt any of the components. Multi-layer PCBs
can be as small as four layers or as large as ten or twelve. The many layers of PCBs enable the
designers to make complex designs suitable for a broad range of complicated electrical tasks.
The following diagram shows the design of a multi-layer PCB:

Fig. 1.2.6: Multi- layer PCB
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Rigid PCBs
Rigid PCBs are made out of a solid substrate material. This prevents the board from twisting.
The most common example of a rigid, multi-layer PCB is a computer motherboard. The
motherboard allocates electricity from the power supply and at the same time enables
communication between the parts of the computer, such as CPU, GPU and RAM. The
following diagram shows the design of a rigid PCB:

Fig. 1.2.7: Rigid PCB

Flexible PCBs
Rigid PCBs use unmoving materials such as fibreglass. In contrast, the flexible PCBs are made
of materials that can flex and move, such as plastic. The flexible PCBs come in single, double
or multi-layer formats but are more costly than rigid PCBs. Still, they offer many advantages.
The most prominent advantage that flexible PCBs have over rigid PCBs is that they are flexible
and can be folded over edges and wrapped around corners. The following diagram shows the
design of a flexible PCB:

Fig. 1.2.8: Flexible PCB

Metal Core PCB (MCPCB)
MCPCB are the circuit boards which have a base metal (aluminium alloy) to dissipate heat.
To lower the thermal resistance, MCPCBs have dielectric polymer layer. One advantage of
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these PCBs is the reduction in errors of routing and assembly. The following image shows a
metal core PCB:

Fig. 1.2.9: A metal core PCB

1.2.4 Spike Correction in PCB
The flow of current in a PCB determines the functioning of electronic components mounted
on it. Sometimes, there can be a fluctuation in the voltage being supplied to these individual
Components; which results in malfunctioning. To prevent any circuit board failure or damage
to electronic components, spike correction is done.
When the power supply jack is inserted, there can be spikes caused by high frequency debounce or when equalization of ground between the power adapter and the battery-powered
system occurs. The electronic circuits majorly affected by spikes are ones which monitor
power line for variation or ones for tamper detection.
To correct such spikes, a fast oscilloscope can be used. Also, the right probe needs to be
selected that has sufficient voltage rating.

1.2.5 Mounting Components on a PCB
The electronic components are mounted on the PCB according to the circuit drawing. The
following images show a circuit drawing on a PCB and mounting components on it:

Fig. 1.2.10: Circuit drawing on a PCB
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Fig. 1.2.11: Mounting components onto a PCB

The circuits and components of a double-layer PCB board can be mounted using one of the
ways
Thru-hole Mounting

Surface Mounting

Electronic components having
leads at the ends are inserted
through the tiny holes in the
board for soldering.

This mounting method is used in
the case of components which are
very small in size. For example,
this method can be used to mount
components which are the size of
a pencil point onto a PCB.

Fig. 1.2.11: Mounting techniques

Thru-hole mounting of electronic components can be done by employing two methods, as
shown in the following figure:

Wave Soldering
•In this method, solder in the form of a solder bar is exposed to high
temperature; the solder then forms a wave which is robust and long
lasting.
•It is best suited for one-sided PCBs.
Hand Soldering
•In this method, soldering is done delicately with hand by an expert.
•This method results in durable soldering but is not as long lasting as wave
soldering.
Fig. 1.2.12: Thru-hole mounting
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1.2.6 Surface Mounting Technology (SMT)
SMT is an electronics technology which mounts components on the surface of PCBs instead
of inserting them through the holes. All the mass-produced electronics these days use SMT to
increase performance and reliability, and to reduce production costs. The following figure
shows the SMT:

Fig. 1.2.13: SMT

The components mounted on the boards are called surface mount devices. Instead of using
the wires as connectors, the surface mount PCBs use the board itself as a wiring surface for
the different components. Small leads are soldered directly to the board; which allows circuits
to be completed using less space. This freed space enables the board to complete more
functions, usually at speeds higher than a through-hole board would allow.

22
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Activity
List the basic layers of a PCB.
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UNIT 1.3: PCB Assembly Process
Unit Objectives
At the end of this unit, you will be able to:
1. Explain the basics of PCB assembly (PCBA)
2. Describe the (PCB) assembly process
3. Explain the types of PCB assembly processes

1.3.1 Printed Circuit Board Assembly (PCBA)
PCBA, refers to the process of soldering or assembling the electronic components onto a PCB.
A bare circuit board, before the electronic components are mounted on it, is known as PCB.
Once the electronic components are soldered on it, the board is called Printed Circuit
Assembly (PCA) or Printed Circuit Board Assembly (PCBA).
The assembly of a circuit board is very different from manufacturing a circuit board as it
involves PCB designing and creating a PCB prototype. The type of assembly depends on the
purpose and the type of the circuit board and the electronic components that need to be
integrated on the circuit board. The following figure lists some of the essential
components/materials required for the process of PCB assembly done by a pick and place
machine:
Electronic
components

Soldering
material

Soldering flux

PCB

Fig. 1.3.1: Essential components/material required for a PCB assembly process

Once all the parts required for a circuit board assembly are ready, the assembly process is
initiated.
Essentials for PCB Assembly
PCB assembly is a very delicate process and any glitch can lead to malfunction or short-circuit
of the board. Before beginning with a PCB assembly, there are a few important things such as
Design For Manufacturability (DFM) check, colour code identification and polarity check that
need to be done.
DFM Check
This is a safety process which checks for any design flaws, such as missing or problematic
features or leaving little space between PCB components which results in a short-circuit. This
check eliminates unnecessary manufacturing costs and time lags.
Colour Codes
PCB colour codes tell a lot about the circuit board. Normally, PCBs are green in colour because
of the anti-conductive coating called solder mask, which protects the copper layer from
corrosion and accidental contact with conductive material. Apart from this, colour codes of a
circuit board can give other information as well.
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The following figure lists Restriction of Hazardous Substances (RoHS) & Drop-on-Demand
(DoD) colour codes of a PCB:
Green (lead solder board that should not
be run on RoHS line)
Blue (RoHS and the temperature profile
need to be set accordingly)

Internally

Red (prototype and not meant for
customers without engineering approval)

(To identify the printed circuit
board on first look)

Colour Codes

Black (commercial avionics)
Gold (DoD equipment requiring special
documentation)
Green (low voltage)
Externally
Yellow (120V line voltage)

(To ensure proper connection in
the field)

Violet (multi-phase high voltage)
Fig. 1.3.2: Colour codes of a PCB

Polarity
While placing the electronic components on PCBs, the polarity should be kept in mind.
Adjusting the negative and positive ends should always be initiated to prevent any shortcircuits or functional failures of the circuit board. The part polarity needs to be assigned in the
silkscreen layer to help reduce the turnaround time (TAT) for DFM checking in PCB assembly.
The polarity should be visible even when the components are soldered onto the board for
easy identification later on. The following image shows the polarity of major electronic
components:

Fig 1.3.3: Polarity of electronic components placed on PCBs
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1.3.2 PCB Assembly Process
The following figure shows the steps of the PCB assembly process:

Solder Paste
Stenciling

Pick and Place

Reflow Soldering

Inspection and
Quality Control

Through-Hole
Component
Insertion

Final Inspection and
Functional Test

Fig 1.3.4: Steps of PCBA

Solder Paste Stencilling
The first step of PCB assembly is applying a solder paste to the board. In this process a thin,
stainless-steel stencil is placed over the PCB. The assemblers then apply solder paste only to
those parts of the would-be PCB where components will sit in the finished PCB. The following
figure shows the composition of a solder:

Fig 1.3.5: Composition of solder

In a professional PCBA line, a mechanical fixture holds the PCB and solder stencil in place. An
applicator places specific amounts of solder paste on the intended areas. The machine
spreads the paste across the stencil, applying it evenly to every open area. After the stencil
is removed, the solder paste remains in the intended locations.
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Pick and Place
After applying the solder paste to the PCB board, the PCBA process moves on to the pick and
place machine. It is a robotic device that sets the surface mount devices (SMDs) on a prepared
PCB. The following image shows a pick and place machine:

Fig. 1.3.6: Pick and place machine

Reflow Soldering
Once the solder paste and surface mount components are in place, the solder paste needs to
solidify, to adhere the components to the board. After the pick and place process, the PCB
board is transferred to a conveyor belt. This conveyor belt moves through a large reflow oven
which consists of a series of heaters. These heaters gradually heat the board to temperatures
around 250 degrees Celsius, or 480 degrees Fahrenheit.
Once the solder melts, the PCB continues to move through a series of cooler heaters, which
allows the melted solder to cool and solidify in a controlled manner. This creates a
permanent solder joint to connect the SMDs to the PCB.
Inspection and Quality Control
After the surface mount components are soldered in place, the assembled board is tested for
functionality. Many a times, the movement during the reflow process results in poor
connection quality or a complete lack of a connection. Another common side effect of this
movement is shorting of connections. The misplaced components sometimes connect
portions of the circuit that should not connect.
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These errors and misalignments need to be checked with the help of different inspection
methods. The following figure shows the most common inspection methods:
Manual Checks

•An in-person visual inspection by a designer is an effective method to
ensure the quality of a PCB after the reflow process. However, this
method becomes increasingly impractical and inaccurate as the number of
inspected boards increases.

Automatic Optical Inspection (AOI)

•AOI is used for inspecting larger batches of PCBAs. An AOI machine uses a
series of high-powered cameras, arranged at different angles, to view
solder connections. Different quality solder connections reflect light in
different ways, allowing the AOI to recognize a lower-quality solder. The
AOI does this at a very high speed, allowing it to process a high quantity of
PCBs in a relatively short time.

X-ray Inspection

•This inspection method is used for complex or layered PCBs. The X-ray
allows a viewer to see through layers to identify any hidden potential
problems.
Fig. 1.3.7: Common inspection methods

Through-Hole Component Insertion
In addition to the SMDs, the board may also include a variety of other components such as
plated through-hole or PTH components.
A plated through-hole is a hole in the PCB plated all the way through the board. These holes
are used by the PCB components to pass a signal from one side of the board to the other. In
such cases, the soldering paste is not effective as the paste will not adhere and will run straight
through the hole.
Final Inspection and Functional Test
A final inspection known as a "functional test” puts the PCB through its paces, simulating the
normal circumstances in which the PCB will operate. Power and simulated signals are run
through the PCB and its electrical characteristics are monitored with the help of testers.
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The following image shows the PCB with SMDs:

Fig. 1.3.8: PCB with SMDs

If any of the characteristics such as voltage, current or signal output, show unacceptable
fluctuation or hit peaks outside of a predetermined range, the PCB fails the test. The failed
PCB is then recycled or scrapped.

1.3.3 Types of PCB Assembly Processes
There are two types of PCB assembly processes:
• Thru-Hole Technology (THT) Assembly Process
• Surface Mount Technology (SMT) Assembly Process
The following figure shows the steps of THT assembly process:

Components
Placement

Inspection &
Rectification

Wave Soldering

Fig. 1.3.9: THT assembly process

The following figure shows the steps of SMT assembly process:

Solder Paste
Printing

Components
Mounting

Fig. 1.3.10: SMT assembly process
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1.3.4 PCB Assembly Workflow
Making of PCB’s is an extensive process, which begins with design specifications, electrical
design of the circuit and then the real physical design. Thereafter, manufacturing of the
boards takes place and in the end the assembly of the PCB is complete. The following image
shows PCB manufacturing:

Fig. 1.3.11: PCB manufacturing

The following figure lists the steps of the workflow of a PCB assembly:

Specification

Electrical
Design

Physical
Design

Manufacture

Assembly

Fig. 1.3.12: PCB assembly workflow

For a smooth workflow of a PCB assembly, the manufacturing process needs to be fine-tuned
right from the phase when feasibility is sorted out to the final package delivery stage. The
following figures shows the steps of PCB manufacturing process:
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Document
Request

Feasibility
Assessment

Materials
Purchase

Sample
Production

Sample
Confirmation

Volume
Production

Check/Burn
-in Test

Package
Delivery

•This is the first stage where all the required documentation for a PCB assembly is done.
It includes PCB Gerber files, Bill of Material (BOM) and lastly the product sample.

•The next step is to check the feasibility of manufacturing the PCB. The engineering
process is also assessed to ensure that the manufacturing of the product is done
effectively.

•Based on the BOM list, the purchase order of the materials is initiated. The procured
materials should be of good quality to make sure that the PCB is flawless.

•Samples are designed to check their functionality in real-life conditions.

•The samples are moved to the production lines. If the samples are not good, then the
PCB assembly moves to the first stage.

•Manufacturing is initiated, which includes SMT, THT, AOI and burning program or
cleaning.

•The final manufactured product is put through the burn-in test in an extreme
environment for reliability.

•The last step in the PCB assembly workflow is the packaging of the product and
delivering it safely to the client.

Fig. 1.3.13: PCB manufacturing process
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Activity
1. Write down the steps of PCBA.

_____________

_______________

_____________

_____________

_______________

_____________

2. State the differences between THT Assembly Process and SMT Assembly Process.
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
__________________________________________________________________________
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Activity
1. Write down the essential components of PCBA.

__________________

__________________

__________________

__________________

2. List the common inspection methods for PCBA.

____________________________________

____________________________________

____________________________________
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2. Working of a Pick
and Place Machine

Unit 2.1 – Introduction to Pick and Place Machine
Unit 2.2 – Responsibilities of Pick and Place Machine
Operator
Unit 2.3 – Programming Pick and Place Machine
Unit 2.4 – Pick and Place Machine Operations
Unit 2.5 – Visual Checking of the Assembly
Unit 2.6 – Machine Maintenance
Unit 2.7 – Achieving Productivity and Quality
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Key Learning Outcomes
At the end of this module, you will be able to:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

Describe the parts of a pick and place machine
Explain the basics of standard and metric measurement
Describe the process of soldering components onto a PCB
Identify the hand tools required for a PCB assembly
Describe programming of PCB software for loading components
Explain the assembly plan with the corresponding program values
Execute troubleshooting of errors in the software program
Explain the setting up the pick and place machine software
Define necessary adjustments according to the PCB design
Explain operating time and speed of a pick and place machine
Execute visual inspection of PCB manufacturing
Identify problems with a pick and place machine
Execute preventive maintenance tasks
Identify problems with a pick and place machine
Execute preventive maintenance tasks
Explain how to clean a stencil
Explain the need of documentation in PCB manufacturing
Define reporting structure for smooth flow of tasks
Identify target setting and achievement process
Explain stocking and handover for PCB production
Describe the quality standards in PCB manufacturing
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UNIT 2.1: Introduction to Pick and Place Machine
Unit Objectives
At the end of this unit, you will be able to:
1. Explain the basics of a pick and place machine
2. Describe the parts of a pick and place machine

2.1.1 Pick and Place Machine
Pick and place machines are basically robotic machines that place surface-mount devices
(SMDs) onto a PCB. Also, known as SMT component placement systems, these machines are
used for precision positioning of electronic components like integrated circuits, resistors,
capacitors or ICs on PCBs. Traditionally, this was a manual process where the assemblers
picked and placed the components by hand with the help of a pair of tweezers. Nowadays, it
is an automated process. The major reason of this change is that the machines are more
accurate and consistent than humans. Further, in case of humans, working with such small
components leads to fatigue and eyestrain after a few hours. Machines work around the clock
without such fatigue.
Pick and place machines are essentially used in consumer electronics, computers and also in
industrial, telecommunication, automotive and military equipment. The following image
shows a pick and place machine for a PCB assembly:

Fig. 2.1.1: A pick and place machine for PCB assembly
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2.1.2 Parts of a Pick and Place Machine
A pick and place machine is a robotic style machine that places different types of components
onto the PCB. It includes features such as: component pickup feeder locations, vacuum
pickup, vision system, automatic component realignment, repeatable placement accuracy,
and transportation system for PCBs.
The pick and place machine is very important part of the PCBA process as it places the
components reliably and accurately to meet throughput requirements.
Feeder
The feeder is used to supply the components to the movable pick-up mechanism. It also
moves the components to a fixed location and aids the pickup head in removing
components. The following image shows a feeder:

Fig. 2.1.2: A Feeder

Depending on the kind of components to be placed on the PCB, the feeder can be classified
as shown in the following figure:
Tape & Reel Feeder

Stick Feeder

Matrix Tray Feeders

Bulk Feeder

Direct Die Feeder

•Most commonly used feeder in which tape-on-reel feeders
are loaded with a reel
•Designed for components that come packed in linear
sticks, and the components are moved to the pick-up
location via gravity or vibration
•Used for placing large or expensive components. This
process is a little slow as the level of accuracy required is
quite high.
•Used for chip like components used in large numbers. It is
cheaper as compared to other feeders.

•Used for flip-chip or chip on board PCBs. It is a much
economical placement method and has higher speed.

Fig. 2.1.3: Classification of feeders
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The following figure shows different types of feeders:

Tape and Reel Feeder

LED SMT Feeder

Direct Die Feeder

Stick Feeder

Fig. 2.1.4: Different types of feeders

Placement Head
The placement heads of the machine are used to place the components on the board. The
various types of placement heads are as follows:
Overhead Gantry
Overhead gantry-style machine is used primarily for flexible placements as it offers greater
flexibility and accuracy.
The placement head of overhead gantry-style positioning system is mounted on a gantry
beam (X-axis). The beam moves perpendicular to the direction of the placement head
movement. This offers two degrees of freedom (X and Y alignment) in a plane parallel to the
machine table. The PCB and feeders are kept stationary during placement. The placement
head moves along the axis beams to pick components from a feeder, and then moves into
position to place the components.
Stationary Turret
Stationary turret system has a series of identical heads rotating on a single turret. The feeder
moves in the X direction to a fixed pickup location. Vacuum nozzles around the perimeter of
the rotating turret provides alignment. The turret rotates multiple heads between pickup and
placement locations. The PCB moves in X and Y direction under the rotating heads, pausing
beneath the correct placement location.
Revolver head
This system combines the advantages of both stationary turret and overhead gantry. The
stationary turret with multiple pickup heads performs simultaneous functions while moving
components from pickup to placement locations. The independent gantries have multiple
revolvers mounted on it to pick multiple parts from stationary feeders before moving to the
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printed wire board (PWB). The following figure shows a revolver head SMT placement
machine:

Fig. 2.1.5: Revolver head SMT placement machine

Split-axis
In a split-axis system, the placement head moves in the X, theta and Z directions, while the
PCB moves in the Y direction. As two moving components are involved, split-axis machine
improves the placement speed but makes it difficult to achieve high accuracy as compared to
the overhead gantry machine.
Vacuum Nozzle and Grippers
Vacuum nozzles are commonly used for handling all the components during the placement
operations. The vacuum pickup has a spring-loaded tip to ensure compliance in the Z
direction. Since the force depends on the cross-sectional area of the nozzle bore, different
sizes of nozzles are used for different parts.
For handling small components, positive pressure is supplied in addition to vacuum at the
moment of placement. This ensures that the component is completely released from the
nozzle. A camera is used to check the position and orientation of the component on the
nozzle.

40

Pick and Place Assembly Operator

The following image shows some typical vacuum nozzles:

Fig. 2.1.6: Some typical vacuum nozzles

In addition to vacuum nozzles, mechanical grippers are required for handling odd-shaped
parts. Self-centring mechanical grippers simultaneously pick up the components and centre
them automatically without using a vacuum. A pair of tweezers-type grippers holds the part
while centring it along one axis.
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Activity
1. Write down the types of feeders.

_______________

_______________

_______________

_______________

_______________

2. List two types of placement heads available for the pick and place machine.
_________________________________________________________________________
_________________________________________________________________________
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UNIT 2.2: Responsibilities of Pick and Place Machine
Operator
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.

Explain the basics of standard and metric measurement
Identify basic SMT components
Describe the process of soldering components onto a PCB
Identify the hand tools required for a PCB assembly

The operator should have the knowledge of positioning the components, of basic maths and
measurements, of soldering techniques and of various hand tools used in the mounting
process.

2.2.1 Standard and Metric Measurement
The accuracy of a PCB design can be attributed to the use of the metric unit system. During
the period from 1974 – 1991, the PCB assembly used inch units. Then, from 1991-2001, Mil
units came into use. Currently, the unit used for PCB measurement is millimetre. These days,
the metric system of measurement of PCB’s is used, as it is easier to work with.
X-Y Coordinates on PCB
The X-Y coordinate values on a PCB are obtained by dividing it into the plurality of sections.
The number of electronic components is printed, based on the X-Y coordinate values of the
corresponding section serial number. Basically, the X-Y coordinate gives the corresponding
section serial number of the component for accurate mounting on the circuit board. The
following image shows the mapping of X-Y coordinates on a PCB:

Fig. 2.2.1: Mapping X-Y coordinates on a PCB
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Once the PCB is assembled, the X-Y coordinates come-in handy at the time of repair,
maintenance or board artwork. Also, if a new component has to be added or removed, then
it can be easily identified on the section of the PCB.
Basic Math Skills
Pick and place operators need to have knowledge of mathematics, especially linear algebra,
to solve resistive circuits. Also, the operators need to have an in-depth knowledge of
Boolean algebra, to understand the math involved in digital systems.
The following figure lists the topics about which the pick and place operators need to have a
basic understanding:
Communication theory of signals
•The methodology of conveying information via digital signals to the
electronic components.
•Digital signal is a sequence of codes with only two possible values, 0 or 1
representing the variable electric current/voltage, polarization and so on
•Helps in understanding the working of electronic components
Probability and statistics
•Helps in determining the lifespan of a circuit board
•Helps in determining the probable operating hours of an electronic gadget
Fig. 2.2.2: Knowledge required for a pick and place operator

2.2.2 Basic SMT Component Identification
The method of identifying the electronic components by looking at the package is known as
SMT component identification. This helps to identify the basic function of a board in the
PCB. To make it easy to identify the electronic components known as surface mount devices
(SMD), an SMD code book is used. Cleaning the circuit board also helps in identifying the
mounted components on the circuit board. The following image shows SMT component
identification:

Fig. 2.2.3: SMT component identification
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The SMT components can be categorized as shown in the following figure:
Passive SMDs

Transistors and
diodes

Integrated
circuits (ICs)

Fig. 2.2.4: Types of SMT components

Passive SMDs
The passive SMDs consist mainly of resistors or capacitors. With time, the size of SMT
components has reduced. Other components such as coils and crystals are also included as
per the requirements. The various passive SMD packages can be classified according to their
sizes. The following table lists various standardized packages:
SMD Package Type
1812
1206
0805
0603
0402
0201

Dimensions (Inches)
0.18 × 0.12
0.12 × 0.06
0.08 × 0.05
0.06 × 0.03
0.04 × 0.02
0.02 × 0.01

Fig. 2.2.5: Standardised packages of SMD

Transistors and Diodes
The connections of these SMT components are made through leads that come in the package
and are bent a little to be able to be mounted on the circuit board. There are three leads for
the packages and this way it is easy to identify which way the devices need to go.
IC
The following figure shows the major types of ICs:
Logic chips

•For iCs, different kind of packages are used depending on the level of
interconnectivity.
•Simple logic chips require only 14-16 pins, whereas the VLSI processors need
200 or more pins.
SOIC/SSOP
For much smaller chips, Small Outline Integrated Circuit (SOIC) can be used or
the Thin Small Outline Package (TSOP) and Shrink Small Outline Package
(SSOP) can be used.
VLSI/BGA
Very Large Scale Integration (VLSI) chips need quad flat pack which has a
square/rectangular shape with pins on all four sides.
Ball Grid Array (BGA) has connections on the sides of the package and the
connection pad.
Fig. 2.2.6: Major types of ICs
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2.2.3 Soldering Basics
Soldering is used to make a permanent connection between electronic components by
melting the soldering metal and filling it into the joint. The melting point of the solder metal
is lower than the electronic components; therefore, only the solder melts and then solidifies.
The following image shows soldering components on the PCB:

Fig. 2.2.7: Soldering electronic components onto a PCB

The following table lists different components required in soldering:
Component

Description

Soldering Iron

Used as a tool for melting
the solder and applying it to
metals for joining them
together

Rosin Core Solder

Used for combining the
metal alloy with the pitchlike organic compound

Solder Stand

Used to hold the soldering
iron safely in one place

Sponge

Used to clean corrosion on
the tip of the soldering iron

Fig. 2.2.8: Soldering components
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How to Solder?
The following figures list the steps of the soldering process:
Clean the surface of the PCB
with a steel wool and
remove any oil, wax or
debris

Heat the connection with
the soldering iron tip and
then apply the solder

Keep the soldering tip on
the connection to ensure
that the solder material
flows into and around well
heated connections

When the solder has flown
completely, remove the tip
and then the iron

Inspect the joints closely to
ensure that the soldering
has been done properly

Fig. 2.2.9: Steps for soldering

Tips
•
•

Never move the connection when the solder is cooling down.
Make it a point to not overheat the connection as it might damage the electronic
component.
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Pick and place operators should take care of the following points while soldering:

Soldering should always be done on a clean PCB. Remove any dirt or other
debris with a fine sandpaper or soft cloth before proceeding

When soldering a wire onto a PC board, it should have a volcano shape. If
it doesn't, then reheat it and solder again

Fig. 2.2.10: Key points to be considered while soldering

Precautions
The following figure lists the precautions that are to be kept in mind while soldering:
Operating a soldering iron
should be done with care
as high temperatures are
involved.

The iron must always be
unplugged when not in
use.

The tip of the soldering
iron should never be
touched.

Soldering must be done in
a well-ventilated area.

The flux creates smoke, so
the head must be kept
away from it.

Hands should be washed
after soldering as it
contains lead, which is
poisonous.

The connection must not
be tampered while it is
cooling.

Some components like
transistors can be heat
damaged, so a crocodile
clip should be used as a
heat sink.

Bulky components must
be soldered before the
smaller ones to allow
soldering of smaller
components with help of
tweezers and adhesives.

Fig. 2.2.11: Precautions to be considered while soldering
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Troubleshooting
While soldering, there are some common problems that are encountered and require
troubleshooting. Some of the common issues that can occur while soldering on a PCB are
shown in the following figure:

The solder is not flowing from
the soldering tool

•The parts need to be cleaned of all dirt.

The connection looks
grainy/crystalline

•Reheat to form a good joint, preferably, with a
larger soldering iron.

The tip is oxidized

•Avoid keeping the iron unplugged when not in
use and always clean the tip with a damp
synthetic sponge.

Adjacent joints are accidently
connected or the electrical
conductivity is low

•Use of a large or less amount of solder accidently
connects the adjacent joints.
• If the amount of solder is too less it causes low
conductivity.
•Always use the right amount of solder material.

Fig. 2.2.12: Common issues while soldering

2.2.4 Hand Tools
To accurately complete the assembly of PCB for electronic components, some basic precision
hand tools are needed. These tools are made for PCB assembly requirements and have perfect
balance for precision work. The following image shows different hand tools for a PCB
assembly:

Fig. 2.2.13: PCB assembly hand tools
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The following table lists different hand tools:
Tool

Description

Callipers

Used to measure two sides
of an object

Microscope

Used in a PCB assembly
process for viewing very
small (microscopic)
components

Screwdrivers

Used for tightening small
screws on a PCB

Tweezers

Used for handling various
devices/part sizes and
shapes

Pliers

Used to handle small wires
connected to PCB
components

Wire Cutters

Used to cut small wires
connected to the PCB
components

Image

[

[
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Stencils

Used to transfer solder
paste to the circuit board

Feeders

Used to feed electronic
components to be mounted
on a PCB

Micro Spatulas

Used to dispense adhesives
in electronics assembly and
to apply lubricants

Supporting Pins

Used to secure electronic
0 the
components to
supporting circuit board

Fig. 2.2.14: Various hand tools

The small components must be placed on the board by using the right tools and must be
handled with care. Otherwise, the components may be broken. The following image shows
placement of components using tools:

Fig. 2.2.15: Placement of components using tools
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Activity
Choose the correct answers.
1. Which of the following sets of components are SMT components?

□

Switch, Resistor, Capacitor

□

IC, Transistor, Switch, LED

□

Transistor, Diode, Resistor, Capacitor

2. Which hand tools are used to place components on a PCB?

□

Tweezers

□

Stencils

□
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Activity
Match the following.
1.

It is used to handle small wires
connected to PCB components

a.

2.

It is used to measure two sides of an
object

b.

3.

It is used to view very small
components

c.

4.

It is used to clean corrosion on the
tip of the soldering iron

d.
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Practical
Mount the components on the circuit board and solder the components.
Components:
•
•
•
•
•
•
•
•
•
•

A PCB
Resistors
Capacitors
Transistors
Diodes
ICs
Soldering Iron
Solder
Soldering Flux
Sponge

54

Pick and Place Assembly Operator

UNIT 2.3: Programming Pick and Place Machine
Unit Objectives
At the end of this unit, you will be able to:
1. Describe programming of PCB software for loading components
2. Explain the assembly plan with the corresponding program values
3. Execute troubleshooting of errors in the software program

2.3.1 Introduction
A pick and place machine uses a vacuum grip to pick up a PCB board and move it to the pick
and place station. The robot then orients the PCB at the station and begins applying the SMTs
to the PCB surface. The components are placed in pre-programmed locations on top of the
soldering paste.
The pick and place machine need to be programmed so as to precisely mount components on
to a PCB. For this, the software program of a pick and place machine needs to communicate
effectively with the hardware. The following image shows a PCB layout:

Fig. 2.3.1: A PCB layout

The operator should check the printed solder paste on the board to ensure that it is applied
to the board at exactly the right places and in precisely the right amounts.
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2.3.2 Basic Programming
Programming of an SMT machine is done in accordance with the PCB design layout. The
following figure lists the requirements for programming of the machine:
A text file
•It contains component names along with their location and the rotation
angle required.

Software
•A programming software such as EAGLE creates the corresponding machine
understandable files.
•For example, if a PCB software such as EAGLE is used, then the files that will
be generated are going to be in .mnt or .mnb format.
Fig. 2.3.2: Requirements for programming of the pick and place machine

In the software, the component data files are chosen and the output directory is specified.
Then, the .prg file is generated for use in the pick and place software. In case the file doesn’t
follow standard Eagle format that Auxiliary Power System (APS) import tool can detect, then
the custom mapping needs to be created. This will specify the representation of columns in
the component file.

2.3.3 Programming as Per Values
When the custom mapping has to be entered in the file, there are certain parameters that
need to be programmed as shown in the following figure:

The column number in the text
file corresponding to the Xcoordinate component and the Ycoordinate component

The designator label

The rotation angle

The feeder number

Fig. 2.3.3: Parameters to be programmed
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Tips
•
•

The feeder number is not an input in the EAGLE text file and it can be manually set on the
machine once the component tapes are loaded.
If a hole of diameter 0.115 mm needs to be created at the coordinates (2.1 0.325) on the
circuit board, the command will be:
HOLE 0.115 (2.1 0.325)

Once everything is in place, importing the file in the .prg format is done, and it is saved in the
output directory.
Values on Wheel and Program
The values on each feeder wheel need to be specified. The values in the program are fed for
all the coordinates. Depending on the values in the feeder wheel, the corresponding
coordinates define precisely where the electronic components are going to be placed.
PCB Assembly Plan
Once the PCB design is decided in a blueprint, the PCB assembly plan is chalked out to have a
general idea of the kind of feeder wheel needed for PCB manufacturing. For the data needed
by the SMT programming software, a minimum set of data and the format is necessary. This
is important for PCB assembly to avoid wasting material and time.
Gerber Files
Gerber is an open American Standard Code for Information Interchange (ASCII) vector format
for two dimensional (2D) binary images used in PCB manufacturing for describing the copper
layers, the solder mask and the legend. The file format communicates the design information
to the pick and place machine for printing circuit boards.
The Gerber files require precise data for smooth functioning. Once the Gerber files have all
the elements for pick and place machine to start mounting components, the operator can
proceed with the task.
For accurate placement of components using SMT, fiducial alignment is very important,
otherwise it can result in a faulty placement. For this, PCB has fiducials (circular bare board
area exposing copper plating) to allow the pick and place machine robots to determine the
alignment of the board.
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For PCB manufacturing, each circuit board has three fiducials to determine X and Y axis. For
this, certain elements are needed as shown in the following figure:
Solder Paste Master
Layer(s)

•It is required for centroid extraction and to procure the
solder paste stencil.
•The solder paste master should display all the surface
mount component pads.

Silkscreen Layer(s)

•To match the component location designators with the
BOM, the silkscreen layer is important.

Outer Circuit
Layer(s)

•To identify the fiducial alignment marks that orient the pick
and place machine according to the circuit design, this layer
is important.

Panelize
Information

•When the circuit boards are in the panel, Gerber files are
needed to generate SMT programs and also to produce the
stencil.

Through Hole Drill
File

•This helps distinguish the surface mount parts from the
through-hole parts

Fig. 2.3.4: Elements needed for Gerber file data

2.3.4 Program Loading
To make the pick and place machine operate without any errors, right text files containing the
component’s name, location and rotation angle are needed.
The following figure lists the steps for program loading:

Collect the right text
files containing
information about the
name and position of
the components.

Choose the
component data files
and the output
directory.

Enter the column
number in the text file
along with the X
coordinate, Y
coordinate and the
designator label of the
corresponding
component.

Fig. 2.3.5: Steps for program loading

The operator should keep in mind that:
• The component coordinates should be read properly.
• If there is a deviation even in millimetres, the scale factor in XY scaling field should be
used.
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2.3.5 Troubleshoot and Optimize Program
Pick and place machine can encounter software errors just like the hardware errors, and the
machine operator needs to troubleshoot at the earliest to avoid any downtime. Some of the
most common occurring errors that are attributed to software glitches are listed in the
following figure:
Machine Cover Open
Error
•There can be instances
when the pick and place
machine cover is closed
but still, the program
shows the error that it is
open.
•To solve this issue, realign the permanent
magnet on the hood.
•If that does not solve the
issue, then try and install
a strong magnet on the
side of the cover, which
will then be sensed by
the proximity sensor.

Pick Retry Fault
•This error is encountered
when there is a
component on the tip,
due to inadequate
vacuum pressure
threshold or a misaligned
piece.
•To resolve it, drop the
component by turning
off the tool suction and
moving the head
manually to an empty
spot.

Fig. 2.3.6: Common software errors
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Adjusting Number Failed
Attempts
•Sometimes there can be
an error in the Pick Retry
attempts in pick and
place operations.
•To solve this, the feeder
needs to be advanced
manually with controls
on the reel or feeder
control in the computer
program.
•Another method is that
one can change the Pick
Retry attempts in the
Parameters window to
make the machine try for
more attempts after the
initial failure.
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Activity
1. Which one of the following options lists the correct sequence of steps of program loading?
a.

1. Collect the text files containing
information of the components.
2. Choose the component data files
and the output directory.
3. Enter the column number, X
coordinate, Y coordinate and the
designator label.

c.

1. Enter the column number, X
coordinate, Y coordinate and the
designator label.
2. Choose the component data files
and the output directory.
3. Collect the text files containing
information of the components.

b.

1. Choose the component data files
and the output directory.
2. Enter the column number, X
coordinate, Y coordinate and the
designator label.
3. Collect the text files containing
information of the components.

2. Which one of the following options is the correct meaning of the command HOLE 0.115 (2.1
0.325)?
a. HOLE diameter (X coordinate, Y
coordinate)
c.

b. HOLE area (Y coordinate, X
coordinate)

HOLE X coordinate (Diameter, Y
coordinate)
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UNIT 2.4: Pick and Place Machine Operations
Unit Objectives
At the end of this unit, you will be able to:
1. Explain the basic components of the machine
2. Explain the role of a pick and place machine operator
3. Describe the setting up of tools for machine operation
4. Explain the setting up of the pick and place machine software
5. Describe loading of components into the feeder
6. Define necessary adjustments according to the PCB design
7. Explain operating time and speed of a pick and place machine

Since a pick and place machine is accurate to the millimetre in placing electronic components
onto a PCB, therefore, it is used in mass manufacturing of PCBs. It eliminates the need to
manually place the components and solder them onto the board; hence, reducing time and
labour requirement. Pick and place machine is a robotic assembly device that requires
specialized skill for operating; so, there are certain things that need to be kept in mind. The
following image shows a pick and place machine operating on a PCB:

Fig. 2.4.1: A pick and place machine operating on a PCB
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2.4.1 Components of a Pick and Place Machine
The following figure shows different parts of a pick and place machine:

Working
Head

Working
Zone

Feeding
Zone

Reel Rack

Nylon Spool
Wheel

Operation
Panel

Fig. 2.4.2: Parts of a pick and place machine

Working Head
The working heads of a pick and place machine are:
• A Pick and Place Head: Used to pick the components and place them in their correct
position.
• A Vacuum Indicator: Used for visualizing the working status with the help of an air
pressure sensor.
• A Laser Positioner: Used for editing the coordinates of a component manually.
The following image shows the working heads of a pick and place machine:

Fig. 2.4.3: Working heads of a pick and place machine

Working Zone
The working zone of a pick and place machine consists of the followings:
• A PCB Holder: Used to hold and fix the PCB. It should always be kept clean and flat.
• A Clamp Fixture: Used for holding down the PCB and keeping it fixed.
• A Spring Load Tension Adjuster: Used for adjusting the tension of the holder by moving
the spring clamp. It must be kept light while working on a thin circuit board.
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The following image shows the working zone of a pick and place machine:

Fig. 2.4.4: Working zone of a pick and place machine

Feeding Zone
The feeding zone of a pick and place machine consists of the followings:
• A Feeding Slot: Used as a fixture to accommodate different sizes of reel tapes.
• A Front Load IC Plate: Used to accommodate large size components other than the reel
tape package.
The following image shows the feeding zone of a pick and place machine:

Fig. 2.4.5: Feeding zone of a pick and place machine
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Reel Rack
The following image shows a reel rack which is used to hold the reels:

Fig. 2.4.6: Reel rack of a pick and place machine

The operator needs to identify the components to be placed on the reels accurately and put
them on the reels efficiently.
Nylon Spool Wheel
It is used for collecting the nylon string that is on top of the tape. The two types of grooves on
the spool wheel are:
• V-groove: Used to keep the nylon string head secured.
• U-groove: Used for adjustment of the tension of the nylon string.
The following image shows a nylon spool wheel of a pick and place machine:

Fig. 2.4.7: Nylon spool wheel of a pick and place machine
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Operation Panel
The operation panel of a pick and place machine is used to control the functions of the
machine. This panel consists of the following parts:
• An SD Card slot: Used to insert the standard SD card containing the data for the
placement of the components.
• An LCD: Used as an interface to input the information about the positioning of the
components.
• Control Switches: Used to turn to the next or previous items with the help of Right and
Left and to go to the items in the rows above or below with the help of Up and Down.
The following image shows the interface of a pick and place machine:

Fig. 2.4.8: Interface of a pick and place machine

2.4.2 Role of a Pick and Place Machine Operator
The following figure lists the various kinds of operations that a pick and place machine
operator need to perform:

Setting up tools for
machine operation

Loading/Reloading

Fig. 2.4.9: Different operations of a pick and place machine operator
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2.4.3 Setting up Tools for Machine Operation
Setting up a pick and place machine requires certain steps to be performed, as listed in the
following figure:
Choose the vacuum tip

Position the circuit
board
Route reels and tape via
the feeders

Fig. 2.4.10: Steps for setting up a pick and place machine

Routing Reels and Tape Via the Feeders
Proper care should be taken when routing the tape via the component feeder. Setting up
tools for machine operations is important to avoid any time or material wastage.
The operator should consider the following points while doing so:

Make sure to get extra length of component tape/reels to avoid wasting
electronic components in the process of routing

Have 6-8 inches of dead tape for proper movement until the clear
covering is pulled back and clamped into the gold-coloured wheel

Note down which electronic component is put in each of the feeders

Fig. 2.4.11: Points to consider when adding tape to the feeder
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The following image shows getting the feeder ready for operation by adding tape and reel to it:

Fig. 2.4.12: Getting the feeder ready for operation by adding tape and reel to it

Positioning the Circuit Board
The circuit board is positioned on the machine by using the guide rails. The placement of the
board must be locked down with the stopper. The operator must ensure that the guide rails
are set perpendicularly to the rails across the machine’s length.
Even if the guide rails are slightly tilted, the components cannot be properly placed as the
board would not line up with the X and Y axes of the machine. The following figure shows
positioning of the circuit board:

Fig. 2.4.13: Positioning of the circuit board

Choosing the Vacuum Tip
Sometimes, it is not possible for the software to pick any tool from the tool holder and attach it
to the machine. Hence, the parts such as the vacuum tip must be selected as per the specification
and attached manually to the vacuum or the placement head.

2.4.4 Setting up the Pick and Place Machine Software
The machine initialization steps are as follows:
• When the machine is plugged in, it starts initializing itself.
• It performs self-checking, after which the working head moves to the top right corner and
makes a beep sound once.
• If there is any error during self-checking, it will pause and keep on beeping.
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The operator needs to check the working head that is turning the machine off. After the
machine starts successfully, the operator needs to enter the home screen that may contain:
• Task: It displays the files of the SD card. Any of the files can be selected using the touch screen
or the direction keys. The operation buttons (NEW, LOAD and EDIT) are used to create a new
file, import files and edit the selected one.
• Manual: It is used for testing the working status of every module, such as:
o Movements of the pick and place head
o Fixed position of the working head
o Calibration of the laser position indicator
o Position of the needle
• Setting: It is used to set some basic parameters of the pick and place machine. The
parameters include the working speed of vacuum detection switch and the machine.
The following image shows snapshots of the Home screen options:

Fig. 2.4.14: Snapshots of the Home screen options

The following image shows snapshots of the work area of the system software:

Fig. 2.4.15: Snapshots of the work area screen

68

Pick and Place Assembly Operator

The screen contains the component list which shows various information such as:
• Number of components
• Number of heads and stacks
• X and Y coordinates
• Angle of placement and so on
If the machine is controlled using a computer, the component information must be imported
from the files (typically .mnt) and then the file is converted to .prg format to be used in the
pick and place machine control software. The following image shows a snapshot of the
mapping interface:

Fig. 2.4.16: Snapshot of a mapping interface

The operator needs to enter the required information from the text file. Then, he/she needs
to do the following steps:
• Start and initialize the software
• Calibrate the vacuum head
• Instruct the machine to attach the vacuum tip and apply pressure. The following snapshot
shows loading tools:

Fig. 2.4.17: Loading tools
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•

Set the feeder for each component. The following snapshot shows setting up the feeder
for each component:

Fig. 2.4.18: Setting up feeder for the components

2.4.5 Loading/Reloading
Loading of components into the feeder is a very important stage of PCB assembly.
Therefore, it needs to be done with utmost caution. The following figure lists the steps for
loading the components into the feeder:

Choose the required
program of the
machine.

Load the
components
according to the
chosen program by
adjusting the PCB
transport rails.

Check the values
loaded on the
individual wheels of
the machine and in
the software.

Fig. 2.4.19: Steps for loading the components into the feeder

When loading components, it is important to keep in mind that:
1. There should be just the specified gap between two PCBs for accurate placement of
electronic components.
2. Once everything is ensured, no further movement or alteration should be done.
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Similarly, reloading of components for the next batch needs to be taken forward following the
same guidelines. The following image shows components loaded on the feeder tape:

Fig. 2.4.20: Components on feeder tape

Placement of Components
All the electronic components that need to be printed onto the PCB by creating
interconnections can be done by a pick and place machine by configuring the hardware and
the software optimally.
The placement of electronic components on a PCB and the adjustment of the component
feeder and the transport rail needs to be done with utmost precaution. Thankfully, most of
the component placement tasks are automated these days, with specialized machines making
the task easier for pick and place operators. For accurate placement of components, some
specialised machines, as shown in the following figure, are used:

Flexible Placer

Chip Shooter

Used to place passive and
small active components
with a fast speed of 20,000 –
80,000 components per
hour but having
comparatively low accuracy

Used to place high I/O
active components like Quad
Flat Packages (QFPs) that
require high accuracy. There
are three types of flexible
placers - overhead gantry,
revolver head and split axis

Fig. 2.4.21: Specialized machines for component placement
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The components are supplied by the feeder and the computer files control the location of
each component on the PWB. The following figure lists the determinants of component
loading:

Feeder inventory
levels

Placement
machine vacuum
holder capability

Automatic
component
realignment

Transportation of
PCBs through the
lime

Fig. 2.4.22: Determinants of components loading

2.4.6 Adjustments/Configurations
The configuration and adjustment of values according to the planned design of a PCB is
important for smooth manufacturing of circuit boards in a facility. For this, a pick and place
machine has to be fed with the right values in the programming software and correspondingly
the correct components in the reel.
The following image shows the placement head of a pick and place machine on the PCB:

Fig 2.4.23: Placement head of a pick and place machine on the PCB

PCB Transport Rails
For proper mounting of electronic components on the PCB, it is important to take care of the
configurations and positions of the rails. If the guide rails are slightly tilted or out of position,
then the PCB will not line up correctly with the machine’s X and Y axes. This will either result
in inadequate placement of electronic components or make the whole process difficult and
time consuming.
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The following figure lists the steps of adjusting the transport rails:

Set the guide rails
perpendicular to the
long rails running
along the length of
the machine.

Once the alignment
is right, position the
circuit board on the
machine using the
guide rails.

Lock down the
placement of the
circuit board with the
gold stopper.

Fig. 2.4.24: Steps of adjusting the transport rails

2.4.7 Monitoring the Operations
The pick and place machine require constant monitoring to avoid any downtimes or faulty
placement of components. A checklist needs to be followed to strictly adhere to the PCB
design and use the feeder mechanism accordingly.
Loading List
To place all the components on a PCB, all parts including transistors, LEDs, ICs or any other
electronic components need to be mentioned in the loading list. The corresponding files for
the pick and place programming machine also need to be updated in the programming
software that controls the pick and place operations.
Component Reels
The component reels of a pick and place machine carry the components forward in the rail.
This is used to accurately match the X-Y coordinates of the surface mounting machine.
Operating Speed and Temperature
It is very important to maintain the operating temperature of a pick and place machine inside
the manufacturing facility. Not only the temperature, but humidity levels should also be
maintained at all times to avoid any operating complications. Ideally, a temperature ranging
from 70-77° F and humidity level of 35-65% is recommended.

73

Participant Handbook

Any more variation in the temperature than what is recommended can lead to problems that
are listed in the following figure:

Low Humidity

Low Temperature

High Humidity

High Temperature

•The solder paste solvent evaporates quickly causing the
paste to dry, which leads to poor stencil release and
insufficient joints.

•The paste viscosity increases, creating poor printing
behaviour that results in weak solder joints.

•The solder paste accepts water and may begin to slump,
creating additional bridging defects.

•The solder paste viscosity decreases, creating excess of
paste smearing and slumping that causes bridging or solder
balling defects.

Fig. 2.4.25: Problems due to variations in the operating temperature

The placement speed of a pick and place machine is affected by a lot of factors. The following
figure lists some examples:
Feeder Problems
•Account for the maximum downtime
PCB Design
•Affects the operating speed, as the components that need to be loaded
require different kinds of feeder mechanism
Improper Setup Procedure
•Contributes to the downtime, which in turn reduces the operating speed of
the machine
Fig. 2.4.26: Some factors that affect the operating speed
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The assembly operator should be aware of the feeder problems. Some common ways to
detect feeder problems are shown in the following figure:

Does
not achieve
desired
output

Inconsistent
output

Operates
noisily

Feeder

Turbulent
flow of
material

Amplitude
gradually
fades

Fig. 2.4.27: Ways to detect feeder problems
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Practical
Set up the tools for machine operation and make the pick and place machine ready to place the
components.
Components:
•
•
•
•

A pick and place machine
A tape or reel feeder
SMT components like resistors, capacitors, ICs
A circuit board
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Practical
Set up the pick and place software for machine operation.
Components:
•
•
•
•

A pick and place machine with SD card slot
Related software
An SD card
A computer
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Practical
Configure the position of components in the pick and place software and load the components
in the feeder.
Components:
•
•
•
•
•

A pick and place machine
Pick and place software
An SD card
A computer
Components such as resistors, capacitors, transistors
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Practical
Diagnose and troubleshoot the problem when:
•
•
•

The machine starts beeping after initialization.
The needle gets stuck and the machine keeps on beeping.
The system pauses at the location of the feeder and keeps on beeping.
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UNIT 2.5: Visual Checking of the Assembly
Unit Objectives
At the end of this unit, you will be able to:
1. Execute visual inspection of PCB manufacturing process
2. List the elements to be inspected

Visual Inspection
Before starting the pick and place operation, there is a visual inspection checklist that needs
to be kept in mind. The operator needs to check for all the components required to operate
the pick and place machine. Otherwise, it may lead to:
• Malfunctioning of the SMT
• Increased turn-around-time.
In both the cases, automatic tool picking and manual tool loading SMT machine inspection is
important. The following image shows inspection of PCB manufacturing process:

Fig. 2.5.1: Inspection of PCB manufacturing process
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The following figure lists the elements to be inspected:
Components
•The components received from screen printing need to be thoroughly
inspected.
•The screen solder mask should be administered with care.
Installed Components
•All the installed components on the PCB need to be double-checked according
to the design and requirements set by the client.
Missed Components
•The missing components can be identified with the Automated Optical
Inspection (AOI) system.
•They need to be noted down and loaded onto the PCB again.
PCB
• The AOI system is used to improve process efficiency and quality.
•An automated visual inspection camera scans the PCB for missing components
and quality defects. This non-contact method is used in PCB manufacturing
stages, including bare board inspection, pre-reflow and post-reflow.
Solder Paste
•The solder paste used to connect the surface mount components to pads on
the board for electrical connection should be inspected by the technician or
the AOI system.
•The process includes checking for excessive solder joints, insufficient solder
joints and solder bridges.
Cross Checking the Assembly with Design
•The high-quality PCBs have to adhere to the parameters set by the designers
and have to be free from errors.
•PCBs are complex in nature. It is important to implement visual inspection and
AOI.
Fig. 2.5.2: Checklist for visual inspection

Visual inspection is a process that requires concentration; therefore, visual inspection
operators need to be very skilled and thorough. The rate of success of visual inspection is
80% due to the microscopic nature of the components that need to be mounted on the PCB.
Hence, AOI is a far reliable method of inspecting the PCB manufacturing process.
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Activity
Create a checklist for visual inspection of the manufacturing of a PCB.
Components

Inspected (Yes/No)
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UNIT 2.6: Machine Maintenance
Unit Objectives
At the end of this unit, you will be able to:
1. Identify problems in a pick and place machine
2. Execute preventive maintenance tasks
3. Explain how to clean a stencil

2.6.1 Machine Defects and Associated Causes of Such Defects
Just like any other machine, SMT and PCB assembly technology has its share of glitches. With
time one is bound to encounter defects which can hamper the functioning of the machine.
Some common problems encountered with pick and place machines and their associated
reasons are given in the following table:
Problem

Reason

Solder balls

Smearing on underside of the stencil

Oxidized paste

Exposure to the environment

Solder beads

Slowing down of reflow profile ramp

Bridging

Cold slumping

Open and insufficient space between
lead and pad

Scooping during printing

Tombstoning

Unequal placement of the components
on the pads before reflow results

Unmelted paste

Cold reflow profile or improperly
melted solder paste

Excessive fillet

Excessive solder paste on the pads

Cold Slump

Too low viscosity of the paste or the
metal content

Hot slump

Slow ramp up in reflow profile

De-wetting

Unwanted material on the surface

Disturbed joints

Vibration in the PCB during liquid state
of the reflow

Orange skinning

Burning of residue or extremely high
peak zone

Fig. 2.6.1: Problems with pick and place machine
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2.6.2 Undertake Preventive Maintenance
A pick and place machine is a reliable and cost-effective industrial automation solution that
has to undergo maintenance tasks to ensure the longevity of use. The maintenance ensures
that the pick and place machine can be detected for any faulty parts at an early stage for
smooth running of operations in manufacturing.
Benefits of Regular Maintenance
Just like any other mechanical machine, a pick and place machine needs frequent
maintenance tasks to be in top running condition. For SMT machines, the underlying benefits
of maintenance are listed in the following figure:
Reduces the amount of wear and tear of the components with time

Decreases the chances of sudden breakdown

Prevents hazards that can occur due to overheating or electrical faults

Reduces the machine downtime which can affect manufacturing
Decreases the chances of hefty costs incurred in replacing nonmaintained components

Fig. 2.6.2: Benefits of regular maintenance

The following figure shows the process flow for preventive maintenance:

Safety
Inspection

Trace out
Faults

Resolve
Hardware/Software
Glitches

Fig. 2.6.3: Process flow for preventive maintenance

Routine Safety Inspection
Safety is one of the major concerns when it comes to industrial automation system like a pick
and place machine. The safety switches need to be inspected, and the workplace barriers and
light curtains need to be evaluated frequently. Any malfunctioning component also needs to
be figured out as it can be a safety hazard in the manufacturing facility.
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The following figure lists a safety inspection checklist:

Regular Cleaning

Weekly Greasing

Parts Inspection

Electrical Aspects
Inspection

Fig. 2.6.4: A safety inspection checklist

Regular Cleaning
The amount of load on the mechanical components of a high-speed pick and place machine
is significantly higher. Therefore, the frictional forces need to be minimized to ensure
longevity of the machine. Regular cleaning of all the components (such as the nozzles)
thoroughly is one way to maximize the operating life of the machine. Also, extensive cleaning
of cumulative abrasive-trapping grease and lubricants is important.
Cleaning of Stencil
The stencils of a pick and place machine accumulate solder pastes. Hence, they need frequent
cleaning as compared to other components. Depending on the placement of the stencil, the
procedure for cleaning also varies. Cleaning can be done:
• With a wet wipe
• With isopropyl alcohol (IPA) wipe
• With alcohol depending on the flux level
The following figure shows the methods for cleaning the stencil:
When stencil has to be removed from the machine, a
stencil cleaning machine should be used to do the task

Another method is to use compressed air to dry any
unwanted moisture from the stencil

Fig. 2.6.5: Cleaning the stencil

The cleaning tasks should always adhere to the manufacturers’ instructions, otherwise they
can lead to faulty components of the pick and place machine.
Weekly Greasing
Part of pick and place machine maintenance is to lubricate all the components after cleaning.
This decreases the frictional forces exerted on the mechanical components; therefore,
ensuring the longevity of the machine. It is very similar to cleaning the components of a car
and changing the oil.
Parts Inspection
The components of a pick and place machine, such as the vacuum pickup devices, shock
absorbers, grippers and so on, are perishable due to the amount of frictional forces and load
on them.
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This is caused by:
• Impact loads
• Frictional contact with manipulated parts
• High stresses due to inertial loads
• Change in movement
The operator needs to keep the following points in mind while inspecting the parts:
To inspect components like vacuum cups, the contact surfaces and
sidewalls need to be checked for wear and tear on a weekly basis.

Any components that require cleaning and lubrication should not be
ignored as it will reduce the operating life.

The vacuum generators and the incoming compressed air system should
have filtration element changes on a regular basis.

Fig. 2.6.6: Inspection of the Parts

Inspecting Electrical Aspects
In a pick and place machine, electrical components, such as controllers mounted in panels,
need to be inspected regularly for proper ventilation and filtration. Similarly, cable
connections and cable tracks also need inspection for signs of wear and tear. The integrity of
electrical connections also needs to be checked to avoid any short circuits. The operator
should make it a point to keep a check on the memory-related battery life issues.
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Activity
Match the problems with their reasons.
Problem

Reason

1. Cold Slump

a. Vibration in the PCB during liquid
state of the reflow

2. Hot Slump

b. Burning of residue or extremely high
peak zone

3. De-wetting

c. Unwanted material on the surface

4. Disturbed Joints

d. Too low viscosity of the paste or the
metal content

5. Orange Skinning

e. Slow ramp up in reflow profile

87

Participant Handbook

UNIT 2.7: Achieving Productivity and Quality
Unit Objectives
At the end of this unit, you will be able to:
1. Explain the need of documentation in PCB manufacturing
2. Define reporting structure for smooth flow of tasks
3. Identify target setting and achievement process
4. Explain stocking and handover for PCB production
5. Describe the quality standards in PCB manufacturing

2.7.1 Documentation
The foremost essential to achieve productivity and quality in production starts with proper
documentation of all the processes that take place in the manufacturing facility. Proper
documentation of the day to day tasks performed in the facility should be kept. Every
document pertaining to the design layout and the subsequent PCBs should be maintained.
This helps in recovering any data that might be helpful in the future.
Assembly Records
As an SMT machine operator, the technician also needs to keep all the assembly records of
the setup, operations and routing maintenance tasks. The following figure lists the documents
that need to be understood and maintained:
Production
schedules

Operation
manuals

Verbal
instructions

Sequential
start-up and
operation tasks

Daily tasks

Fig. 2.7.1: Documents that need to be understood and maintained

All the daily tasks need to be maintained in the form of a log file. Other tasks that need to be
documented include:
• Cleaning activities
• Visual inspections
• Production reports
• Procurement of materials
• Repurchase of components
Delivery Standards
The delivery standards have to be met for quality assurance and reduced time in PCB
manufacturing units. Depending on the client’s requirement, the PCBs should adhere to the
strict guidelines and the specified design layout. Time is also a factor that needs to be kept in
mind for quality delivery assurance. PCB manufacturing should be managed in such a way
that the product is delivered before or on the deadline promised to the client.
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Incentives
The company policies should be strictly adhered when taking decisions on incentives for the
subordinates. All the company’s documentation regarding the incentive policies need to be
considered, as it will motivate the workers to work efficiently.
Intellectual Property Rights (IPR)
Any new inventions, industrial designs or other innovations pertaining to PCB manufacturing
are well documented in the company documents and they are dubbed as IPR. IPR should be
safeguarded during manufacturing, and it should be conveyed to all the production line
supervisors that any attempt to steal or tamper with the IPR should be strictly dealt with. IPR
for manufacturing technique or an innovative method to reduce machine downtime are
documented in the secret company files, and needs to be protected from any exploitation.
Reporting Structure
The reporting structure for PCB manufacturing facility has to be laid down clearly in proper
documents to avoid any confusions. The reporting structure of a company is laid down in a
well-documented form and needs to be consulted in case of confusions. Every individual in
the production line should be clear about the role assigned and the chain of command should
also be clear. Proper flow of responsibility from top to bottom is necessary for efficient
workflow. The reporting structure in a PCB manufacturing organization is shown in the
following figure:
Executive Management
The executive management is responsible for manufacturing, strategy building and decision
making for real time issues.

Production Line Manager
Production line manager is the leader of production workers and supervisors. He/she gets
feedback from supervisors and workers about the effectiveness of production strategy set by
the top management.

Production Line Supervisor
They are the link between the production line manager and the production workers. He/she is
the one responsible for production quality.

Production Workers
The production workers need to complete their task efficiently and can be the reason for
success or failure of a manufacturing strategy.
Fig. 2.7.2: Reporting structure
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Client Proofing
Once the batch of manufactured PCBs is complete, the client needs to verify the quality. In
most cases, a small batch of the promised PCB units is manufactured and then sent to the
client for proofing. If the client agrees to the sample, manufacturing of the complete batch is
undertaken. In case there are any issues, feedback from the client is taken and necessary
changes in the PCB design are implemented. Thereafter, the PCBs are manufactured again as
per the guidelines.
Component Stocking Policy
Stocking policies need to be adhered to maintain inventory set by the company. This is
important for maintaining the stock of PCBs in storage at all times. As a production line
manager, one needs to constantly maintain the stock according to the company policies.

2.7.2 Setting Target and Achieving Productivity
Setting targets is the golden rule for achieving production goals (short term and long term) in
an organization specializing in PCB manufacturing. The targets are set by the higher
management and relayed to the production workers, who then work on these targets.
The target setting and achievement process comprise of the elements listed in the following
figure:

Goal
statement

Breaking
down goals

Motivation
and
commitment

Timely
reminders

Review and
reassessment

Fig. 2.7.3: Target setting and achievement process

Goal Statement
Formulating the goal statement is an important step in achieving the long-term goals in terms
of manufacturing PCBs with the least possible monetary and time investment. A well-defined
goal statement can help an organization considerably in increasing sales, which is the ultimate
motive of any business.
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The following figure lists the features of a goal statement:

Specific

Resource
Constrained

Measurable

SMART Goal
Statement

ActionOriented

Time Bound

Realistic

Fig. 2.7.4: Features of a goal statement

Breaking down Goals
After the formulation of the goal statement, steps of breaking down the goals into smaller
goals is the key. These smaller targets should have a weekly or fortnightly timeframe. The
goals need a certain action plan and tracking of progress, which is done by production
supervisors.
Motivation and Commitment
No target can be achieved without proper motivation. The desire push and resilience to
complete the steps in the goal process is as important as putting in the effort for the task at
hand.
Timely Reminders
To achieve the targets, constant reminders and push is needed. It is the task of the production
managers to keep reminding the supervisors about the targets. The supervisors, further, keep
a check on the production workers and keep pushing them for target achievement.
Review and Reassessment
Frequent reviewing of short term and long-term goals is important for providing feedback in
the organizational chain. These include:
•
•

Short term goals that are not being achieved by the production team need to be explained
and a viable solution for the same should be pondered over.
Also, the long-term goals should be reviewed time and again to achieve the targets.
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2.7.3 Quality Standards
Maintaining quality standards in PCB manufacturing is important to build a loyal client base
and have a reliable brand name in the market.
The following figure lists some of the underlying benefits of implementing quality standards
in PCB manufacturing:
Creates customer loyalty and repeated business
Builds new customer base from referrals
Improves production safety
Decreases downtime in manufacturing
Results in overall branding of the product
Fig. 2.7.5: Benefits of implementing quality standards

Quality assurance has to be implemented at every step of manufacturing. This is done at the
different stages of manufacturing a PCB batch using SMT. The following figure lists the stages:
Acquiring raw materials

Purchasing third-party components

Designing the PCB layout

Adhering to the production process
Reassessing the faults and defects that occur in real time

Fig. 2.7.6: Stages for quality assurance

Another aspect of quality assurance is to spot disrupts and delays so as to resolve them on time.
All the personnel employed on the production line have to work as a unified team to achieve the
quality standards set by the production managers. The production workers have to be skilled to
work on multiple machines, and also have the aptitude to enhance machine performance by
making slight adjustments.
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The following figure shows the steps for achieving productivity and quality:
Use of correct, damage free components
•The raw materials need to be scanned properly for any damage.
•Damaged electronic components need to be discarded.
•Components have to be correct in their build and need to be filtered out for 100%
quality assurance.

Ensure zero defect in assembly

•The mounting procedure should be error free to avoid any wastage of components as
well as raw printed boards.
•The assembly procedure should be monitored by production supervisors.
•The assembly line needs to be inspected for any faulty parts or malfunctioning software.
•Routine maintenance tasks need to be carried out to replace any faulty or old parts.
•There should be zero defect in the assembly to avoid any untimely downtime and
production anomalies.
•The target should be to achieve 100% target board manufacturing.
Fig. 2.7.7: Achieving productivity and quality

2.7.4 Handover
Handing over the daily task sheet to the reflow operator with all the jobs designated for the
shift should be error free and smooth. It is the responsibility of the reflow operator to ensure
that all the protocols are followed when it comes to machine safety and use of hazardous
materials in the facility.
Stocking Location
The stocking location of the components used in PCB manufacturing, like component reels,
needs to be at a safe location. After use, the components need to be placed in the exact same
location. This is important because when shift handover is there, the components should be
exactly where they are meant to be.
Reflow Machine Operator
The proper daily task sheet needs to be handed over to the reflow operator during shift
change. Since reflow operators load, operate and maintain the reflow oven soldering
machine, program the reflow oven and perform the preventive maintenance of the SMT
machine, it is important that there is proper handover of all the task description and
documentation.
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Activity
List the features of a SMART goal statement.

SMART Goal
Statement
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3. Interact with Coworkers
Unit 3.1 – Interact with Supervisor
Unit 3.2 – Interact with Colleagues
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Key Learning Outcomes
At the end of this module, you will be able to:
1.
2.
3.
4.
5.
6.
7.

Explain work requirements of a pick and place assembly operator
Identify the guidelines for formulating the Standard Operating Procedure (SOP)
Describe the issue escalation process
Explain interpersonal communication
Identify the purpose of interacting with colleagues
Identify the dos and don’ts for working in a team
Explain how to resolve personnel issues
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UNIT 3.1: Interact with Supervisor
Unit Objectives
At the end of this unit, you will be able to:
1. List the documents needed to be understood by a pick and place assembly operator
2. Explain work requirements of a pick and place assembly operator
3. Identify the guidelines for formulating an SOP
4. Describe the issue escalation process
5. Explain interpersonal communication
6. Determine how to act on feedback received from superiors

Interacting with the supervisor to have a clear idea about what the job description demands
is vital in having clarity about what has to be done.

3.1.1 Understanding the Role of a Pick and Place Operator
Every individual in the organization needs to know his/her role for the ultimate goal of
increasing productivity and sales. The job roles are predefined; thereby, the importance of an
individual’s role in the workflow for the achievement of targets is established. The following
figure lists the documents that need to be understood by the operator:

Job Sheet

Load Plans

Production
Drawings

Assembly
Drawings

Fig. 3.1.1: Documents used while working

Job Sheet
A job sheet describes the task flow to be undertaken by production workers in the PCB
manufacturing facility.
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The following figure lists some of the characteristics of a job sheet:

It defines the daily workflow to be followed.

It can vary from day to day depending on the targets set by the production
manager.
Fig. 3.1.2: Some characteristics of a job sheet

The production workers need to interact with the supervisor(s) to clear any doubts or enquire
about the tasks at hand. The task at hand can be communicated verbally, in written form or a
proper schedule form which describes the task in detail.
Load Plans
Load plans in PCB manufacturing refers to the distribution of quantity of work to the
assembly operators. This is vital in determining how many PCBs are going to be
manufactured each day. The load plans are an integral part of capacity requirements
planning (CRP) and each load is decided by a certain time frame. Load plans are generally
determined by selecting the earliest start date or last start date. The following image shows
a project plan:

Fig. 3.1.2: A project target plan

The factors affecting load plans are unforeseen events, such as complete disruption in working
due to a major faulty module or hazards such as fire. Determining the load plans pre-emptively
is the task of supervisors or floor managers.
Production Drawings
Assembly operators need to have complete understanding of working drawings that detail-in
on the manufacturing and assembly of products. The production drawings are available with
the operators, production line workers and supervisors. Pick and place assembly operators
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need to read production schedules and operations manuals giving information about the
sequential start up and operation to avoid any machine errors.
The following figure lists the characteristics of a production drawing:
Defines the reference of shape, size, location and production of a building component.
Suggests the preferred order in which the components are assembled.
Fig. 3.1.3: Characteristics of a production drawing

When the components of a PCB are assembled or disassembled, the production drawings
come in very handy for a quick, problem free assembly/disassembly. To avoid any
discrepancies, pick and place assembly operators should always interact with their supervisors
regarding any production drawing issues.
Assembly Drawings
The following figure lists the features of an assembly drawing:
It shows the structure of a PCB machine in working mode.

The manual for installation of the equipment is also elaborated
in it.
Fig. 3.1.4: Features of an assembly drawing

Pick and place assembly operators should be able to interpret the assembly drawings clearly,
with knowledge of each and every component in detail. In case, there are any doubts
regarding the assembly drawings for PCB manufacturing, consultation with the production
supervisors is always recommended.

3.1.2 Understanding Work Requirements
Work requirement document defines the quantity of PCBs to be manufactured in a stipulated
time frame and also the slated date for delivery. Essentially, work requirement is created
based on a process plan, in which operations with the related details are jotted down and the
information is populated. The work requirements can be created either manually or
automatically depending on the manufacturing plan.
Understanding SOP
In an organization, it is important to understand the work requirements and the SOP to ensure
consistent and quality output. Basically, an SOP is a set of instructions (a complete document)
on how to perform a routine activity. Also, an SOP communicates corporate policies,
government regulations and best found practices for quality manufacturing standards. A
properly laid down SOP has visually understandable content like annotated illustrations,
flowcharts and so on.
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The following figure lists the reasons for understanding the SOP:
It ensures strict adherence to instructions for intended output.

It is a reference document for production.
It communicates the company's short term and long term goals for
manufacturing PCBs.
It helps the production workers to hone their skills for each task.

It helps to reduce errors and variations in mass production of PCBs.

It makes the replication of the process across the organization easy.

It creates proper business structure and standardization in procedures.
Fig. 3.1.5: Reasons for understanding the SOP

Formulating an SOP
An SOP needs to be formulated with utmost care. There are a few guidelines which can be
followed to create understandable SOPs in an organization. The following figure lists the
guidelines for creating SOPs:
Consider the format
of an SOP

•An SOP can be formatted in the form of a step by step guide, a
flowchart or a hierarchical format for better understandability.

Consider the
audience

•Workers for whom the SOP is being formulated need to be
kept in mind.
•The understanding capabilities, kind of language used and the
size of the audience help in formulating the SOP.

Understand the
purpose of an SOP

•The basic purpose of formulating an SOP can be anything from
ensuring compliance with production standards or ensuring
safety in the facility to maximizing production or preventing
failures in manufacturing of PCBs.

Cover necessary
material

•The document should cover things like the scope, applicability,
methodology, terminology, safety guidelines and equipment
needed.

Fig. 3.1.6: Few guidelines for creating SOPs
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Escalating Issues
Often, there can be certain issues in an organization that need to be resolved at the earliest.
The first step in resolving issues is the escalation of issues. Pick and place assembly operators
need to communicate with their supervisor regarding any process issues that might be
affecting their performance. The following figure lists some of the issues that need to be
escalated to the supervisor as soon as possible:

Potential
hazards
Machine
failures

PCB defects

Process
disruption

Issues to be
Escalated

Requirement of
repairs

Fig. 3.1.7: Some of the issues that need to be escalated

Personnel issues that are directly related to the job description as well as ones that are not
related to work need to be attended by the supervisors. Also, maintenance issues need to be
communicated to the maintenance personnel.
The following figure shows process of issue escalation:
Understand the problem

Communicate the issue with the supervisor
•Present facts based information without any emotional bias
•Highlight bottlenecks regarding issues
•Put forward suggestions
Accept the decision taken by the management

Fig. 3.1.8: Process of issue escalation
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The following figure lists some key considerations regarding issue escalation that must be
kept in mind while communicating with supervisors:
Reporting structure should be considered while escalating issues.
If the issue involves more than one person, the other people involved
also need to be consulted.
The raised issue should be related to the goals of the organization (short
term and long term).
The higher management needs to promptly communicate the solutions
for the issues.

Fig. 3.1.9: Some key considerations regarding issue escalation

Receiving Feedback
Once the issues are escalated in the organization, it is important to get feedback from the
supervisors. Giving and receiving feedback is important for the success or failure of a job.
Supervisors need to give an honest feedback to the production workers about the tasks at
hand and any kind of shortcoming in achieving the organizational goals.
The assembly operators in PCB manufacturing units need to constantly interact with their
superiors regarding the performance. The work done has to be reported in the prescribed
format and feedback from the supervisor has to be received.
Handling Situation
Depending on the kind of issue and situation, the worker should make the decision on whether
to report the same to the supervisor or handle the issue on his/her own. If there is a
misunderstanding with a colleague, it can handled on his/her own; while for serious issues,
consultation with the supervisor is the only solution.

3.1.3 Inter-Personal Communication
Communication and the aptitude to solve problems, as and when they occur, is an important
skill set which helps in the long run. The ability to report problems in accordance with the
guidelines and understandability of the supervisors and the higher management is preferred.
Interpersonal communication between the superiors and subordinates is important in
manufacturing facilities to exchange information and to understand what the goals are.
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The following figure lists the purpose of inter-personal communication:
Rectify errors
•The feedback given from supervisors regarding any errors in machine operation or
programming glitches should be kept in mind.
•In the future such errors should be avoided, and mistakes should be kept down to zero.
Communicate process flow
•The process flow improvements should be communicated across all channels of PCB
manufacturing.
•Production workers need to maintain the quality of output and analyze product defects
received from the previous process.
•The workers can also initiate minor repairs, maintenance of tools and machinery as and
when required. They can also find technical solutions on specific issues pertaining to
pick and place machine operations.
•All these activities should be undertaken in consultation with the supervisor of the
production facility.
Report completed work
•Daily reporting of the tasks undertaken in the manufacturing facility should be done to
the supervisors.
•The completed work (of the quality set by the superiors) should be forwarded to the
concerned superior and the tasks should be completed despite constraints.
Fig. 3.1.10: Purpose of inter-personal communication

The following figure lists the ways of inter-personal communication:

Face-to-face interaction

Telephonic conversation

Email conversation

Fig. 3.1.11: Ways of inter-personal communication

Effective Communication
Effective communication is important in an organization for smooth workflow and clear
delegation of tasks. When there is no communication gap between the subordinates,
supervisors and managers, it results in improved productivity.
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The following figure lists some ways to ensure effective communication in an organization:
Conducting open meetings with all the team members helps eliminate
bottlenecks and bring out small issues which can be solved at the earliest.
Having direct interaction with each of the team members to convey
important messages.

Giving presentations on topics with picture and sound enriched
content.
Communicating tasks, guidelines and policies on a regular basis via
email.
Giving all the team members a chance to express their thoughts and
engaging in unrestricted two way communication.

Receiving honest feedback from team members from time to time.
Fig. 3.1.12: Ways to ensure effective communication

Interpersonal Skills Required in an Organization
Interpersonal skills are the most important tools for increasing efficiency and productivity of
team members. There are certain essential interpersonal skills which leading team members
require. The following figure lists the skills required for working in an organisation:
Verbal
Communication

•This includes the way communication is done with superiors
or subordinates. It includes correct tone and appropriate
manner. Good verbal communication clears
misunderstandings and helps maintain a positive
environment in the organization.

Non-Verbal
Communication

•This includes communicating through hand gestures, body
language and facial expressions. Non-verbal communication
is very important in conveying the point without even saying
a word.

Listening

•This includes the ability to listen and then process the
information correctly. A good communicator is a good
listener, and listening is a vital part of interpersonal
communication.

Problem Solving

•This includes the ability to understand the problem and
then come up with viable solutions for the problem.

Decision Making

•This includes analysing the situation and then taking the
right decision, which benefits the organization in the short
and long run.

Fig. 3.1.13: Skills required for working in an organisation
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Role-play
A new employee has joined your organisation. Your supervisor has asked you to train the
employee in the issue escalation process. How will you train him/her?
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UNIT 3.2: Interact with Colleagues
Unit Objectives
At the end of this unit, you will be able to:
1. Identify the purpose of interacting with colleagues
2. List the guidelines to resolve conflicts in the organisation
3. Identify the dos and don’ts for working in a team
4. Explain how to resolve personnel issues

3.2.1 Inter-Personnel Communication with Colleagues
Interpersonal interaction with colleagues is important in an organization to maintain a
productive environment and flourish healthy competition amongst workers. Effective
communication in the workplace reduces the chances of misunderstandings amongst
colleagues and increases work efficiency. Interpersonal skills involve clear narrowing down of
the tasks and goals which are in line with the long term and short-term objectives. As a pick
and place assembly operator, supervisor or production manager, the focus is always on
understanding what the other person is trying to convey.
Similarly, while conveying some important guidelines or helping colleagues with things they
are finding hard to understand, communication is an important tool. The following figure lists
the purpose of interacting with colleagues:

Resolve conflicts

Receive equipment/tools from stores

Assist colleagues

Fig. 3.2.1: Purpose of interacting with colleagues

Resolve Conflicts
Conflicts are inevitable in any organizational setting and resolving them is important to
maintain work etiquette and organizational environment. To achieve a smooth workflow in
production, resolving conflicts among personnel of the organization is a priority.
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The following figure lists the guidelines to resolve conflicts in an organization:
Establish guidelines for interaction of both the parties and help them
understand the importance of knowing each other’s perspective

Create an environment for open communication where both the parties can
openly express their viewpoint
Understand the situation from both the sides and investigating the root cause
of the problem

Acknowledge the issue and come up with all the probable solutions

Refrain from rushing into decision making and use wisdom in resolving a
conflict

Keep the focus on the problem and not the individual

Ensure prompt and decisive decision making, so that no further issues crop up

Fig. 3.2.2: Guidelines to resolve conflicts in an organization

Receive Equipment/Tools from Stores
A certain predefined procedure has to be followed for procurement of raw materials and
spares from the storage facility. All the electronic components, PCBs, pick and place machine
components, faulty component replacements or other spares required in the manufacturing
facility have to be procured from the tool room or stores deposit.
Assist Colleagues
One important role of the personnel in a PCB manufacturing facility is to assist each other in
enhancing the performance for optimal production results. This regime can be followed by
any person in the manufacturing facility. Assisting colleagues, depending on the extent of the
problem and the knowledge regarding the subject, speeds up the workflow.
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The following image shows assisting a colleague in PCB manufacturing:

Fig. 3.2.3: Assisting a colleague in PCB manufacturing

Another important aspect is to interpret instructions, furnished in written, oral or schedule
form, for better understanding at all the levels of organization.

3.2.2 Working in a Team
Working as a team is the most important aspect of any organization, and PCB manufacturing
facility needs to inculcate team building skills in its personnel for maximum productivity and
quality potential. The following table lists some dos and don’ts of working in a team:
Do’s
Be respectful and courteous

Don’ts
Engage in banters with racial or abusive
tones

Keep voice levels normal

Be immodest and brag about previous
achievements

Offer help whenever possible

Expect undue favours from superiors

Maintain work etiquette

Go around the code of conduct

Maintain dignity

Engage in unproductive gossips

Make communication a conversation

Complicate a conversation

Have frequent communication

Spread bad words about colleagues or
superiors

Fig. 3.2.4: Dos and don’ts of working in a team
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Resolve Personnel Issues
Resolving personnel issues involves the followings:
• Communicating effectively with the personnel ensures positive feedback in the
organization. Two-way communication within and beyond the facility is also advised for
the workers in any organization.
• All conflicts of interest, misunderstandings and personnel grievances need to be
understood and then reported to the higher authority.
• Suggestions on resolving the problems is important, as it helps the facility staff to
concentrate on the job at hand.
Any personal issue or grievance also needs to be attended by the employee himself/herself
before he/she pushes it to the supervisors. Managing the personnel is the most important
part of team effort towards a unified goal.
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Role-play
There is an argument going on between two of your colleagues. You found that the situation
is getting worse. How will you handle the situation?
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4. Maintaining Safe
Work Surrounding

Unit 4.1 – Understanding Potential Hazard
Unit 4.2 – Safety Measures and Standards
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Key Learning Outcomes
At the end of this module, you will be able to:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Identify the types of hazards
Explain the causes of electrostatic discharge (ESD)
Explain handling of various materials
Identify the guidelines for being safe
Identify the responsibilities of employees and employers
Execute safety procedures
Describe ESD handling procedures
List safety measures
Explain how to maintain good health
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UNIT 4.1: Understanding Potential Hazard
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.

Identify the types of hazards
Explain the causes of ESD
Describe reporting of potential hazards
Explain handling of various materials

4.1.1 Potential Hazard
The word hazard is often confused with the word risk, and some people even tend to use the
terms interchangeably. There are many ways to define hazard. It can be defined as any source
of potential damage, harm or adverse health effect on someone or something. The following
figure lists the types of hazards at a workplace:

Safety Hazards

•Death or any type of illness or injury caused due to unsafe conditions
such as:
•Spillage on floor or a person tripping due to cords lying loose across
the floor
•A person accidently touching any unguarded machinery or moving
parts of a machinery
•Electrical hazards as a result of frayed cords, improper wiring or
missing ground pins

Biological
Hazards

•Any biological substance that may threaten health of humans
•These are caused by bacteria, virus, animals, insects, birds or humans

Chemical
Hazards

•Any exposure to chemicals at a workplace
•This could be caused by accidental leakages, tampering or
mismanagement of toxic materials

Physical Hazards

Ergonomic
Hazards

•An occupational hazard caused by environmental factors
•Physical hazards occur because of radiations, electric currents,
magnetic field, pressure and so on
•Any hazard due to single/multiple factors within the working
environment that pose a threat to the musculoskeletal system of an
individual.
•This may be caused by improper set up of workstation, improper
working environment and repetitive movement

Pscychological
Hazards

•Any hazard caused because of stress, peer pressure and violence

Technological
Hazards

• Hazards that can occur due to breakdown and malfunctioning of
machinery and equipment

Fig. 4.1.1: Types of Hazards
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A pick and place assembly operator is highly exposed to chemical, ergonomic, psychosocial,
safety and technology hazards. It is important for the operator to be vigilant about the
working condition and the workplace. If there is any potential hazard looming, the same
should be immediately reported to the superiors.
ESD
ESD is the sudden build-up of static electricity when two differently charged objects are
brought together. While manufacturing electronic products, ESD is one of the issues that
arises, as it can cause damage to the electronic devices and components. The following
figure represents some causes of ESD:
Absence of
electrostatic
wrist strap

Unshielded
cables and
components

Use of
synthetic
materials

Causes of ESD

Improper
grounding

Movement of
air

Human
negligence

Fig. 4.1.2: ESD causes

4.1.2 Report Potential Hazard
Each working condition is prone to hazards. A pick and place assembly operator must be aware
of the potential sources of accidents so that he/she can avoid them or ensure minimizing their
impact at the workplace.
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The operator needs to ensure the safety of the workplace by doing the followings:
Spot and report a potential hazard timely.
Follow rules related to hazardous materials as per the company’s policy.
Handle all equipment and tools with care.
Avoid mishaps that may be a result of dangerous gases, chemicals or sharp tools.

Avoid any potential hazard that may be an outcome of probable injuries such as
minor burns or cuts.
Fig. 4.1.3: Ensuring safety at workplace

Whenever a pick and place assembly operator notices some kind of hazard possibility, it
should be immediately reported to the superior. The operator should not wait for the
inspection team to arrive. In fact, he/she needs to report directly and immediately to the
superior. This will result in quick corrective action without dependence on regular inspection
(carried out over a fixed period) and thus, ensuring safety of employees and the working
environment.
Employees can report hazards instantly either verbally or by filling up a sample form. The
following image shows a sample form that is generally available on company’s bulletin boards:

Fig. 4.1.4: Sample form for reporting hazards
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The foremost role of a hazard reporting program (mentioned in the company’s policy) is to
prevent injuries to employees, which may occur because of unaddressed / unreported
hazards. Delay in reporting or neglecting to report hazards are the main reasons for this.
It is imperative to report all hazardous possibilities/hazards immediately to the superior or
any other person in authority. The following figure shows a process flow diagram for reporting
a hazard:

Fig. 4.1.5: Process flow diagram for reporting a hazard

Where the hazard is believed to present immediate danger, whether it is in direct work area
or not, it becomes a duty to report the same to the concerned authority or superior
immediately.

4.1.3 Handle Material Carefully
Handling of loads manually may cause cumulative disorders such as back pain and
musculoskeletal disorders due to continuous lifting/handling activities. The factors, shown in
the following figure, make manual handling of heavy and hazardous materials difficult:
Too heavy
The load

Too large

Factors that make loads
handling diffucult

Difficult to grasp
Too strenuous
The task
Involves difficult postures
Less space
The workplace
Slippery/dirty floors
The individual

Improper handling technique

Fig. 4.1.6: Factors making handling of loads difficult
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Common injuries that can be caused due to lifting heavy loads include back ache, neck strain,
wrist sprain, back sprain and shoulder pain. Similarly, some common injuries associated with
handling of hazardous material include skin dermatitis, occupational issues, respiratory
problems and lung diseases. Therefore, it is mandatory to follow the standard safety
procedures while handling an equipment, some hazardous material or a tool.
Handling Hazardous Material
It is important to understand how to handle potentially dangerous materials at work. These
are those materials which are labelled as unreasonable threat to the workers or the
environment. The following figure lists some examples of hazardous materials:

Hazardous
substances

Hazardous
waste

Pollutants

Elevated
temperature
materials

Fig. 4.1.7: Some examples of hazardous materials

The following figure lists some basic rules for all employees for handling hazardous
materials:
Follow established company's policies

Perform duties as trained

While working, pay attention to possibilities that could inflict injury. Work
cautiously.
Ensure all containers with hazardous materials are properly labeled to avoid
accidents
Use hazardous materials solely for their intended purpose

Do not eat or drink while handling hazardous materials or sharp tools

Read all machine related manuals carefully before using a new machine

Fig. 4.1.8: Some basic rules for handling hazardous materials
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Follow Company Policy
Every company has policies laid out to make the employees aware of how to handle hazardous
materials safely. Employees can follow policies and ensure hazardous material is dealt with
safely, minimizing employee exposure to chemicals, gases, sharp tools and hazards from
machines. If the set policies are followed carefully and all employees are working accordingly,
then exposure to possible injuries such as cuts, burns or injuries caused by using electrical
drills and sharp tools can be minimized considerably.
Dealing with hazardous material is covered under the company’s policy, and all that is
required of employees is to follow them. However, preventing injuries when working with
machines and equipment is not defined; it is self-explanatory.
Minimizing Risk
Employees can reduce the risk of working with machines and other equipment. The following
figure lists the steps for reducing risks:
•Before installing or using a work equipment or machinery, carry out a
considerate risk assessment to identify the risks and the associated
Assess for risk hazards.

Identify the
risk

Remove
possible
hazard

•Identify ways in which the risk that has been identified can be
removed or eliminated.

•Use the machine or equipment in such a way that the dangerous or
hazard element of the machine is not required to be used.
•If possible, other more secure measures to reduce the risk should be
considered.

Fig. 4.1.9: Steps for reducing risks
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Activity
Mention the basic rules for handling hazardous materials.
1.

2.

3.

4.

5.

6.
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UNIT 4.2: Safety Measures and Standards
Unit Objectives
At the end of this unit, you will be able to:
1. Identify the guidelines for being safe
2. Identify the responsibilities of employees and employers
3. Execute safety procedures
4. Describe ESD handling procedures
5. List safety measures
6. Describe basic first aid measures
7. Explain how to maintain good health

4.2.1 Guidelines for Safety
Safety of workplace cannot be ensured by safety policies alone. A safe working environment
is ensured by how well the management and employees adhere to the policies and safety
standards. The following figure lists a few safety tips that all employees should know and
adhere to in the workplace:

Be aware of the surroundings.
Sit up straight and maintain correct posture to protect the back.
Be cautious while using machinery. Handle it with care.
Take frequent breaks to change posture.
Report unsafe conditions to the superior immediately.
Wear proper safety equipment while working.
Fig: 4.2.1: A few safety tips

Health, Safety and Environment (HSE) Guidelines
HSE guidelines are rules, laws and processes designed to help and protect the employees and
the work environment from potential hazards. In a workplace, these guidelines are framed by
the HSE department, ideally responsible for environmental protection, safety at work and
occupational health.
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The following figure highlights some important points from the HSE guidelines:

Outline organized efforts that shall be
made to identify workplace hazards and
reduce accidents.

Provide environmental regulations for
waste management, prevention of air
pollution and reduction of company’s
carbon footprint.

Ensure quality work environment for all
employees.

Make improvements in protecting the
environment and ensuring workplace
health and safety by improving processes,
investing in new technologies and
upgrading skills and awareness of the
employees.

Fig. 4.2.2: Some important points from the HSE policy

Responsibility of Employees and Employers
Employers are responsible for protection of health, safety and welfare of their employees, and
of other people who may be affected by their business. It is important for employers to do
whatever is reasonably possible to achieve this. To achieve this, the actions listed in the
following figure should be taken by the employers:

Ensure that the employees are protected from everything that could cause
harm, risk or injury or pose a health hazard to them.

Train for accident prevention, accident response and use of protective
clothing and equipment.

Provide maximum support to programmes and committees that promote
health and safety.

Review and complete all reports related to an accident/incident so that
appropriate action is taken to prevent recurrence.

Fig. 4.2.3: Responsibilities of employers
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Employees should discuss all unsafe conditions with their employers and ensure that there is
a healthy discussion between the two parties so that full proof HSE guidelines can be framed.
It is also
important for employees to maintain their safety at all times, and to report any unsafe
condition in the workplace to the superior without delay. The following figure lists the
responsibilities of the employees:

Work with care and
attention.

Wear protective equipment
as needed or required.

Operate equipment as per
the proper instructions.

Report injuries/symptoms to
the supervisor to ensure
possible remedy action.

Encourge colleagues to work
safely and assist them to
work safely and efficiently.

Maintain tools and
equipment in good and safe
working condition.

Adhere to all safety rules
and regulations

Take necessary steps to
improve health and
attendance to meet the
attendance requirements of
the job.

Fig. 4.2.4: Responsibilities of employees

4.2.2 Safety Procedures
Organizations should establish safe work practices and safety procedures to address
significant hazards or to deal with circumstances that may lead to other risks and liabilities for
the business. The safety procedures should reflect the organization’s approach to controlling
hazards. With a considerate process in place, an organization can improve its yield by lowering
mechanical failures and enhancing product consistency.
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The following figure lists some key points about safety procedures:
The procedures should be in the form of written instructions for all activities and
conditions.

It is important for the management and superiors to ensure active involvement.
This helps the organization to come up with an adequate framework and training
guidelines for the staff that are followed judiciously.

The safety procedure should detail the process of machine maintenance and the
process of achieving quality at work. It should focus on improving the work process
flow to reduce prospective hazards outlined in the risk assessment.

The procedural training should emphasize on educating employees to report
mishandling of tools, electrical problems as well as machine and equipment related
hazards that could result in accidents, immediately to superiors.
Fig: 4.2.5: Key points about safety procedures

ESD Procedures
The threat of electrostatic discharge and contamination can have a great financial impact, on
an annual basis, for an organization. Still, often, contamination and ESD to sensitive devices /
machinery is overlooked as a serious risk factor.
All employees in an organization involved in handling of ESD sensitive items should receive
detailed ESD control training. Additionally, personnel involved in product designing and
purchase of electronic devices should undergo ESD control training. The electrostatic
discharge control training will involve introduction to electrostatic charge and discharge.
The following figure lists the precautions to be taken for ESD procedures:
All ESD probe items should be labelled with identification symbols.
Subcontractors and suppliers of electrostatic devices must have an
effective ESD control program.
ESD protective workstations should be clearly identified.

All conductors and employees using the machines should be grounded.
Fig. 4.2.6: Precautions to be taken for ESD procedures
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The workstation and equipment must have adequate number of ground points, and all items
should be connected directly to the workstation’s common ground point. In cases where there
are workstations/machines/equipment which cannot be grounded, an ionizer must be
used to neutralize their charge. The following figure shows ESD handling procedures’ checklist:

Work with or handle ESD sensitive items in the ESD protected area only.

Use ESD sensitive workstation and equipment when grounded.

Only trained employees should be allowed near ESD sensitive items. Others
should be escorted by a trained person.

When working or handling ESD sensitive items, an employee should be
grounded via a wrist strap system or a flooring / footwear system.

Fig. 4.2.7: ESD handling procedures’ checklist

ESD protection is essential for sensitive components, during and after production, while
shipping, during assembly of the device and in the finished device. ESD can cause severe
damage to some components such as microchips.
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The following figure represents some of the ESD prevention guidelines that must be followed
to reduce the risk of ESD damage to the components:

Hold the integrated circuit or IC by its
body and not by the pins.

Hold the printed circuit board or PCB by
its edges.

Never place components on a metal
surface.

Leave all the electronic components in
their ESD-safe packaging till the time
they are not in use.

Fig. 4.2.8: ESD prevention guidelines

When working on an automated production line, the pick and place assembly operator must
be careful of the processing steps where electrostatic charges are generated increasingly. In
some machines/device datasheets, there is a caution about ESD precautions. Such devices are
prone to be affected with electrostatic charge generated by human body. It is recommended,
thus, to follow ESD precautions while dealing with them. An ESD simulator, having special
output circuit called human body model (HBM), is generally utilized to test the vulnerability
of electronic devices to ESD from human contact.
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The following protective gears should be used while handling components that are prone to
ESD:
Wire strap

Gloves

Safety Clothes

Fig. 4.2.9: Safety gears for prevention of ESD

4.2.3 Safety Equipment
Safety standards in a workplace address safety through proper precautions. Safety standards
are set right at the beginning from making appropriate equipment design to placing clear and
recognizable warning labels and signs to having number of environment specific standards for
confined spaces and hazardous environment. The vast amount of safety standards in a
workplace are suggestive of the attention given to such issues by the management.
The company’s safety policy should ensure that the employees are well protected from ESD
and hazardous materials on job. To prevent damage from static electricity when working on
sensitive electronic equipment, the employees should be provided with all possible protective
gear. The following figure shows the antistatic work kit:
Antistatic Gloves

Air Ionizer

Antistatic Shoe

Antistatic Wrist Strap

Antistatic Table Mat

Fig. 4.2.10: Antistatic work kit
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Some other anti-static work kits are:
•
•
•
•
•

Anti-static clean room paper
Anti-static testers and monitors
Grounding cords
Grounding shoe straps
Anti-static packaging materials.

Personal Protective Equipment (PPE)
Whenever possible, workplace hazards should be eliminated using proper work practices
laid out in the company safety standards. Though hazards should be adequately controlled,
but it conditions if hazards cannot be completely eliminated, use of PPE becomes necessary.
The following figure shows some PPE:

Fig: 4.2.11: PPE

Superiors should identify hazards and assess the requirement for PPE. It is also the job of the
superiors to ensure that the employees using the PPEs know how to use the protective gear
properly and that they maintain its safety and sanitary conditions to minimize contamination.

4.2.4 Safety Measures
Safety measures are the precautionary steps taken to get protection from accidents. There
are minimum safety measures that every business organization must follow to ensure
comfort and safety for everyone at work.
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The following figure lists some of the safety measures:
The organization needs to carry out a risk assessment and provide information on
places and areas that need notices and signs on safety.

The employers should ensure that the workers use the IT equipment and machines
safety.

The safety and health policy should ensure that the employees know how to report
accidents or dangerous incidents.

The organization should also take steps to protect against fire and meet all required fire
safety standards.

The organization should take all possible steps to make the staff comfortable at work.
This includes ensuring regular cleaning of the work areas.

The organization should also ensure that the building has regulated and comfortable
temperature.

The employers should carry out regular assessment of computer workstations and
machines and of the people employed to use them to ensure their specific needs are
addressed.
Fig: 4.2.12: Some safety measures

Risk Assessment
Organizations cannot eliminate all risks, but it is the job of the employers to protect the people
working for them as much as possible. The risk assessment document helps in looking for:
• Possible hazards such as instances of slips, falls while working high up, high noise levels
and exposure to fire
• Possible explosions and exposure to hazardous materials
This helps the employers to decide who might be harmed, and helps them to evaluate the
risks so that they can take all necessary precautions to ensure safety at work.

4.2.5 Fire Safety
The law makes it mandatory for all businesses to conduct a fire risk assessment and ensure
that the organization meets all the necessary fire safety standards.
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To ensure the business’ safety, an organization should ensure the following things:

There are
escape routes
in the
premises to a
place of
safety

The premises
has fire
resistant
doors and
walls

Fire alarms
are installed
in the
premises

Firefighting
equipment is
appropriately
placed
throughout
the premises

Appropriate
emergency
lighting and
safe storage
area for
flammable
materials is
present

Fig: 4.2.13: Ensuring fire safety

In case of any emergency such as a fire breakout or an earthquake, the following actions
should be done:

Take necessary
precautions

Raise an alarm

Prepare and
implement an
evacuation

Fig. 4.2.14: An emergency plan

Take Necessary Precautions
A machine operator should ensure that the work area is safe. There are certain precautions
which should be taken while working which includes:
• See if there is a risk of fire near the work area.
• Be alert and keep the work area clutter free so that, if a fire breaks out, it can be easily
noticed.
• Ensure that all exits are clear and easily accessible during emergency evacuation.
• See and report if any fire-fighting equipment, such as a sand bucket or a fire extinguisher,
is missing or not working.
• Ensure that all safety equipment is well maintained by the concerned authority and report
in case of any negligence.
• Ensure that people do not smoke near electrical equipment or machinery or any other
such material which may catch fire easily.
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Raise an Alarm
In case of a fire, the first one to discover it should immediately do the following actions:

Shout loudly that
there is a fire.

Break the glass and
press the alarm
button.

Use a fire
extinguisher only if
it is safe to do so.

Call the fire brigade.

Evacuate the work
area.

Fig. 4.2.15: Steps for raising an alarm and acting accordingly

Prepare and Implement Evacuation
In case someone is shouting that there is a fire or a fire alarm is being raised, immediately exit
the work area using the nearest exit door. Help other people, who might have been injured or
traumatized due to the incident. During evacuation, do not try and grab personal belongings
or any tools, as it may hinder the evacuation process.
After exiting from the work area, go to the designated assembly area or point. In case
someone or a colleague is missing, then immediately report to the supervisor or a fireman
present there. The following figure shows a fire exit process diagram:

Fig: 4.2.16: Fire exit process diagram

The staff should be trained for fire accidents. The organization should conduct fire drills at
regular intervals to inform all employees about emergency evacuation procedures, first aid
possibilities and the process to follow in case of a fire.
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Fire Drills
A fire drill is a practice of the procedure followed for evacuating a building in case of a fire or
other emergency. The following points should be kept in focus while conducting a fire drill:
Have a fire evacuation strategy

Get in action on hearing the fire alarm

Call the fire brigade

Identify key escape routes

Use the fire extinguisher

Follow the emergency evacuation plan
Fig. 4.2.17: Key points of a fire drill

After completion of the fire drill the following actions should be ensured:
• Record the total evacuation time.
• Silence the alarms.
• Ensure the fire alarm system is back to normal operating condition.
• Re-evaluate any concern that arose during the fire drill and discuss it.
• Keep record of the fire drill report and the notes on the evacuation checklist.

4.2.6 Workshop
To ensure that all employees in the organization have safety skills and knowledge, a business
should conduct a variety of free workshops, seminars and courses for employers and
employees. The workshops should highlight information on occupational health and safety
requirements as well as health and safety rules of the company. The following figure lists some
topics that a safety workshop should cover:

Occupational health
and safety programs

Special safety and
health seminars and
courses for managers
and employers

Fig. 4.2.18: Topics to be covered in a safety workshop
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General training for the employees should include the following aspects:
Roles and responsibilities of the workers

Threats, hazards and protective actions to be taken
Notification, warning and communication procedures in case of an
emergency
Evacuation, shelter and accountability procedures in case of an
emergency
Emergency shutdown procedures

Fig. 4.2.19: Training rules and responsibilities

The main focus of a training should be to make the people familiar with the emergency
evacuation plan. An example of this type of training is the fire evacuation plan.
Regular training, practice and instruction are a pre-requisite for an efficient fire routine. The
drills should be carried out by using different escape routes, ignoring the normal evacuation
route. All industries have an emergency plan to manage situations of accidents that could
happen at a workplace. A machine operator should be aware of the plans and procedures that
are to be followed as defined by the organization.

4.2.7 Basic First Aid
An organization must provide appropriate first aid equipment and facilities for safety of all
employees. The least every business could have for first aid supplies is a suitably stocked first
aid box. The following image shows a first aid kit:

Fig: 4.2.20: First aid box essentials
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An individual should be nominated by the company to be responsible for restocking and
maintaining the first aid kit and for taking charge of it in the case of an emergency.
An organization may need more than a basic first aid box if there are specific risks at the
workplaces, for example, hazardous material, dangerous tools or ESD sensitive machines and
equipment.

4.2.8 Maintaining Good Health
Maintaining good health is not just in the interest of the employees but is profitable for the
employers as well. A safe, healthy and positive work environment can boost the morale and
work-life balance of the employees which in turn will be beneficial for the business.
A healthy person is the one who is free from all diseases and has a sense of mental, physical
and social well-being. A pick and place assembly operator who keeps in good health will:
• Take less leave due to sickness or ill-health
• Improve work performance
• Be able to demonstrate work responsibility
• Reduce accidents and injury
Correct Posture for Working
A pick and place machine operator should ensure that while working, whether in a squatting,
standing or bending position, a correct posture is maintained. When trying to reach for a tool
or equipment, stretching the body may result in various injuries. Therefore, necessary
precaution should be taken. It becomes important to take precautions while working to
ensure that no harm is caused to the body. Some of the precautions that should be taken
while working include:
• Use the correct posture while working on a table, as shown in the following figure:

Fig. 4.2.21: Correct and incorrect postures while working on a table
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•

Use the correct posture while standing for long hours, as shown in the following figure:

Fig. 4.2.22: Correct and incorrect standing postures

•
•

Keep stretching arms, legs, neck and back while working to ensure that they are not
strained.
Use the correct way for lifting heavy boxes or other material, as shown in the following
figure:

Fig. 4.2.23: Correct and incorrect bending and lifting postures
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Role-play
Perform the steps of raising a fire alarm and explain it to your colleagues. Also, tell them the
necessary precautions to be taken for ensuring fire safety.
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Activity
Maintaining good health is essential as an employee.
What healthy measures should be adopted to ensure that you are in the best of health and fit
to work as a pick and place assembly operator?
Write at least 3 practices which you pledge to follow every day.
Write, starting with ‘I will….’ In the following table:
S. No.

I will …
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