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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.
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Identify the role and responsibilities of an EMS technician
Identify the components in PCB loading list
List the maintenance tasks
Select the soldering components as per specifications
Identify the correct stencil
Use Correct Screen and Design
Work with the PCB as per Standards
Inspect the PCBs using microscope
Perform cleaning of stencil and other components
Identify the importance of altering sheets in roller
List the do’s and don’ts for applying paste
Demonstrate attaching stencils and securing of boards
Check printing settings and parameters
List the tasks to be accomplished for preventive maintenance
Identify the maintenance schedule
List the advantages and disadvantages to SMD
List the ESD
Execute visual inspection of PCB manufacturing
Define work requirements
Identify work behaviour
Explain communication skills
Identify the steps to effective listening
List the components of PPE
Explain electrostatic discharge (ESD)

The symbols used in this book are described below.

Symbols Used

Key Learning
Outcomes

Steps

Activity

Practical

Tips

Role Play
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1. Introduction
Unit 1.1 – Introduction to EMS technician
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Key Learning Outcomes
At the end of this module, you will be able
1. Identify the role and responsibilities of an EMS technician
2. Identify the qualifications required to be an EMS technician
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UNIT 1.1: Introduction to EMS technician
Unit Objectives
At the end of this unit, you will be able to:
1. Identify the role and responsibilities of an EMS technician
2. Identify the qualifications required to be an EMS technician

1.1.1 Who is an EMS Technician
Electronics manufacturing services, known as EMS, is a term used for companies that are
responsible for designing, manufacturing, testing, distributing and providing return or repair
services for electronic components and assemblies on behalf of the original equipment
manufacturers (OEMs). This concept is also known as electronics contract manufacturing or
ECM.
An EMS technician works on Surface Mount Technology (SMT) machines, circuit boards and
soldering equipment. S/he is responsible for the troubleshooting and maintenance of SMT
equipment. S/he also helps in the assembly of the SMT equipment and its programming.
The following image shows an EMS technician working with a printed circuit board (PCB):

Fig. 1.1.1: An EMS technician working with a printed circuit board (PCB)

1.1.2 Role and Responsibilities of EMS Technician
An EMS technician monitors and maintains equipment that are used to create electronic
circuits with SMT. In SMT, electronic components are mounted directly on circuit boards,
which are then used in different industries. They also adjust equipment to achieve production
schedules and quality control.
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The following figure lists the responsibilities of an EMS technician:
Understand work requirements and be regular in reporting to
superior.
Apply solder paste, operate soldering machine and pick and place
machine.
Understand and follow safety procedures and report potential
hazards.
Follow standard operating procedures, work policies and maintain
work place ethics.
Work in a team and ensure smooth workflow, quality and
productivity.

Fig. 1.1.2: Responsibilities of an EMS Technician

1.1.3 Pre-requisites for an EMS Technician
The job of an EMS technician involves working in a process driven environment. A good EMS
technician must have the following qualities:
•
•
•
•

Good eyesight
Visual accuracy
Attention to details
Ability to work for long duration, mostly in a standing position

The EMS technician requires to possess some skills which are essential for his/her job. The
following figure lists the skills required for EMS technician:
Understanding of electronics and PCB
Mechanical assembly skills and soldering ability
Working knowledge of equipment used in SMT Operation
Communication and team building skills
Basic knowledge of computer and how to operate it
Fig. 1.1.3: Skills required for EMS technician
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The technician must be qualified enough to be fit for the job role. The minimum
qualification required is 12th standard, with science background or a degree of ITI/Diploma.
Minimum age required for this role is 18 years. The individual should have adequate
decision-making ability to take care of some problems such as:
•
•
•
•
•

Repetitive defects
Machine failure
Potential hazards
Process disruptions
Repair and maintenance of machine
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Activity
1. Write three responsibilities of an EMS technician apart from his job role.
a. _______________________________
b. _______________________________
c. _______________________________

2. List essential skills required for an EMS Technician.
a. _______________________________
b. _______________________________
c. _______________________________
d. _______________________________
e. _______________________________
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/

2. Operate Reflow Oven
Soldering Machine
Unit 2.1 – Basics of PCB and Loading List
Unit 2.2 – Loading Program for PCB Assembly
Unit 2.3 – Reflow Oven Soldering Machine Operation
Unit 2.4 – Electro Static Discharge (ESD) Precaution
and Contamination Prevention
Unit 2.5 – Maintaining Records
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Identify the components in PCB loading list
2. Explain the steps of PCB assembly process
3. Explain how to load program for the assembly process
4. Demonstrate the operation of reflow oven machine
5. Manage operating temperature, time profile and reflow settings
6. Inspect assembled boards before loading and the soldered boards after soldering process
7. List the causes of ESD and its effects on electronics
8. Apply correct measures for ESD protection
9. Explain contamination prevention practices
10. Manage the records for reflow operations
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UNIT 2.1: Basics of PCB and Loading List
Unit Objectives
At the end of this unit, you will be able to:
1. Explain PCB and its types
2. Identify the components in PCB loading list

2.1.1 PCB
The first task for an EMS technician in his/her daily schedule is to check the PCB loading list.
Hence, knowledge about PCB and its components is a must for the technician.
A PCB is the board found inside common electronic gadgets. It is used to support the
electronic components mechanically and connect them electrically together by copper traces.
All electronic devices such as mobile phone, radio, computer, key board, car dash board, video
player, video games, calculator use PCBs. Connections between the components are created
via copper connections called routes which become passage for electrical signals.
Generally, there are three types of PCBs: single-sided, double-sided and multi-layered. In the
single-sided boards, the components are mounted on one side. The following image shows
single-sided PCB:

Fig. 2.1.1: Single-sided PCB

When, for a single-sided board, the number of components becomes too much or the circuits
become complicated to be placed on a single sided board, double-sided boards are used.
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The following image shows double-sided PCB:

Fig. 2.1.2: Double-sided PCB

A multi-layered board consists layers of printed circuits that are separated by layers of
insulation. The following images show a multi-layer PCB and its structure:

Fig. 2.1.3: Multi-layer PCB and its structure

The following images show some other types of PCBs:

Single Side Flexible
PCB

Rigid Flexible PCB

Multi Layer PCB in
Panel Form
Fig. 2.1.4: Different types of PCBs
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2.1.2 PCB Loading List
The PCB loading list contains all the components that are required to be loaded on the PCB.
Hence, it is essential to check the components and map them with the list. The technician
must have knowledge about the electronic components so that they are loaded according to
the requirement.
All the components including transistors, LEDs, ICs or any other electronic components should
be mentioned in the loading list.
The electronic components are secured on the board by drilling holes in respective positions
on board, placing the components through holes and then soldering them appropriately so
that the components and the copper tracks together form a circuit. The following image
shows a PCB loaded with electronic components:

Fig. 2.1.5: Electronic components loaded on PCBs

Classification of Electronic Components
All electronic equipment are made using electronic components. Electronic components have
two or more electrical terminals. These leads are then soldered to a PCB. An electronic
component may be classified into active, passive or electro-mechanic. The following image
shows different electronic components:

Fig. 2.1.6: Electronic components
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Active Components
Active components are those which are capable of amplifying a signal or processing electrical
signals. They derive power from a DC source. These include components such as transistors,
diodes and so on.
Diode
A diode is a two-lead semiconductor acting as a one-way gate for the electron flow. A diode
allows the current to pass only in one direction. The following image shows diode and its
symbol:

Fig. 2.1.7: Diode and its symbol

Light Emitting Diode (LED)
LEDs are used to give a visual feedback from our circuit; for example, to show that the circuit
has power. These components are found everywhere, in laptop, on mobile phone, on camera,
in car. Now a days, LEDs are also used for general lighting. The following images show LED and
its symbol:

Fig. 2.1.8: LED and its symbol

Transistors
A simple way to understand a transistor is to look at it as a switch that is controlled by an
electrical signal. But, instead of just two states, i.e. on or off, it can also have a state of being
“a bit on” by controlling the current that goes through its base.

Fig. 2.1.9: Transistor and its symbol
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A transistor is a three-lead semiconductor device which behaves as an electrically controlled
switch, or a current amplifier. A small voltage or current applied at the control lead of a
transistor, controls a larger current flowing through the other two leads. The following figure
lists three types of transistors:
Bipolar Junction Transistor
(BJT)

Junction Field Effect
Transistor (JFET)

Metal Oxide Semiconductor
FET (MOSFET)

It is used in LED driver to
control the current.

It is used in LED Driver to
control the voltage.

It is also used for voltage
control in LED driver.

The types of BJTs are:

The types of JFETs are:

•NPN
•PNP

•N-channel
•P-channel

•Depletion type (n- and pchannel)
•Enhancement type (nand p-channel)

Fig. 2.1.10: Types of transistors

Integrated Circuit
An integrated circuit or monolithic integrated circuit (also referred to as an IC, a chip, or
a microchip) is a set of electronic circuits on a single small chip of semiconductor material,
normally silicon. ICs can be very compact, comprising up to several billion transistors and
other electronic components in a small area. With advancement of technology, the width of
each conducting line in a circuit is being made smaller and smaller. In 2008, the width dropped
below 100 nanometers, and now it is tens of nanometers. The following image shows ICs:

Fig. 2.1.11: ICs
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The main advantage of ICs over discrete circuits is cost and performance.
•

Cost is low as the chips are not made one transistor at a time, rather they are printed with
all components as single units by photolithography. Moreover, packaged ICs use less
materials as compared to discrete circuits.

•

Performance is high as the components of the ICs switch quickly and consume less power
than their discrete counterparts. This happens because of the close proximity and the
small size of the components.

ICs are used in all electronic equipment such as c, mobile phones and other digital home
appliances. This is made possible because of the low cost of integrated circuits.
An IC comprises of a number of basic electronic components. Essentially, an IC is an electronic
circuit, fitted inside a chip. It may be an amplifier, a microprocessor, a USB to serial converter
or anything.
Passive Components
Passive components are those which are not capable of amplifying electrical signal, although
they may amplify the voltage or current like a resonant circuit or a transformer. Passive
components include components with two-terminals, such as capacitors, resistors, inductors
and transformers.
Resistor
A resistor is a passive two-terminal electrical component that implements electrical
resistance as a circuit element. Resistors reduce the flow of current and lower the voltage
level within the circuit. In electronic circuits, resistors are used for limiting current flow and
adjusting signal levels. The following image shows a resistor and its symbol:

Fig. 2.1.12: A resistor and its symbol

High-power resistors with ability to dissipate many watts of electrical power as heat, are used
as test loads for generators or as part of motor controls, in the power distribution systems.
Resistance in the resistors with fixed resistances, may change slightly with time, temperature
or operating voltage. Variable resistors can be used for adjusting the circuit elements; for
example, as a lamp dimmer or a volume control, or as sensing devices for light, humidity, heat,
force or chemical activity.
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Resistance is measured in Ohms (Ω):
1000Ω = 1kΩ

1,000,000Ω = 1MΩ

Resistors are also rated by its power carrying capacity such as 1/4W, 0.5W, 1W, 5W etc.
Resistance Colour Coding Table
The following diagrams show colour coding table for the resistor colour codes:

Fig. 2.1.13: Resistor colour code

Capacitor
A capacitor (originally known as a condenser) is a passive two-terminal electrical
component used to store electrostatic energy in an electric field. All capacitors contain at
least two electrical conductors (plate) separated by a dielectric (insulator). The conductors
can be sintered beads of metal, thin films, foils or conductive electrolyte. The "non

15

Participant Handbook

conducting" dielectric is used to increase the charge capacity of the capacitor. A dielectric can
be glass, air, ceramic, vacuums, paper, plastic film, mica, oxide layer etc. Capacitors are used
in electrical circuits of common electrical devices. A capacitor stores energy, rather than
dissipating energy, in the form of an electrostatic field between the plates. The following
image shows a set of different capacitors:

Fig. 2.1.14: Resistor colour code

It’s commonly used to remove noise or make the circuit’s supply voltage more stable.
Capacitance is the ability of a capacitor to store electrical charge onto its two plates.
Capacitance is measured in Farad (abbreviated to F).
Microfarad (μF) 1μF = 1/1,000,000 = 10-6 F
Nanofarad (nF) 1nF = 1/1,000,000,000 = 10-9 F
Picofarad (pF) 1pF = 1/1,000,000,000,000 = 10-12 F
The following figure lists two types of capacitors:

Polarized

Non-Polarized

•Examples of polarized capacitors are electrolytic
capacitors.

•Examples of non-polarized capacitors are film
capacitor, ceramic capacitor, paper capacitor etc.

Fig. 2.1.15: Types of capacitors

Inductors
An inductor,
also
called
a coil or reactor,
is
a passive two-terminal electrical
component which resists changes in electric current flowing through it. It comprises of a
conductor such as a wire wound into a coil. When a current passes through it, energy is stored
temporarily in a magnetic field in the coil.
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The following image shows inductors:

Fig. 2.1.16: Inductors

Inductance is the ratio of the voltage to the rate of change of current passing through the
inductor. It is measured in henries (H). The value of inductors typically ranges from 1 µH
(10−6H) to 1 H.
Many inductors have a magnetic core made of ferrite or iron inside the coil, that serves to
raise the magnetic field and thus the inductance. The following figure shows three types of
inductors:

Air Core Inductor

Ferromagnetic Core
Inductor

Variable Inductor

Fig. 2.1.17: Type of inductors

Inductors are widely used in alternating current (AC) electronic equipment, especially
in radio equipment. They allow the DC to pass by blocking the AC current flow. Inductors,
designed for this purpose, are called chokes. They are also used in electronic filters for the
separation of signals of different frequencies. They are used to make tuned circuits along with
capacitors.
Electromechanical Switches
These devices use electrical connections or moving parts to perform electrical operations. The
devices that use moving parts for carrying out electrical operations, are known as
electromechanical. A manually operated switch is an example of electromechanical
component. The term, electromechanical, refers to devices such as relays, that enable
a voltage or current to control other isolated voltages and currents by switching sets of
contacts, solenoids, mechanically. Thus, it enables a voltage, actuate a moving
linkage, vibrators, that convert DC in to AC with the help of vibrating sets of contacts.
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The following image shows an electromechanical relay:

Fig. 2.1.18: Electromechanical relay
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Activity
1. Write the measuring units of the following components.
a. Resistor: _______________________________
b. Capacitor: _______________________________
c. Inductor: _______________________________

2. List different types of PCBs.
a. _______________________________
b. _______________________________
c. _______________________________

3. Calculate the value of a 4-band resistor. The bands are as follow:
• 1st band → Violet
• 2nd band → Orange
• 3rd band → Yellow
• 4th band → Silver
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UNIT 2.2: Loading Program for PCB Assembly
Unit Objectives
At the end of this unit, you will be able to:
•
•
•

Define PCB assembly
Explain the steps of PCB assembly process
Explain how to load program for the assembly process

2.2.1 PCB Assembly (PCBA)
PCBA, refers to the steps for assembling the electronic components onto a PCB. A PCB is a
bare circuit board containing electronic components. Once the components are mounted and
soldered on it, the board is known as Printed Circuit Board Assembly (PCBA) or Printed Circuit
Assembly (PCA).
The assembly of a circuit board involves designing a PCB and creating its prototype. The type
of assembly depends on the purpose, type of the circuit board and the electronic components
that are required to be integrated on the circuit board.

2.2.2 PCBA Process
The following figure shows the overall 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. 2.2.1: Steps of PCBA

Solder Paste Stencilling
The first step of PCB assembly is to apply solder paste on to the board. In this process, a thin
stencil is placed over the PCB. The solder paste is applied only to those parts of the board
where the components are to be placed.
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The following figure shows the composition of a solder:

Fig. 2.2.2: Composition of solder

In a professional PCB assembly 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
paste is spread by the machine across the stencil, and is applied it evenly to the open area.
After the stencil is removed, the solder paste remains in the intended locations.
Pick and Place
The PCBA process moves on to pick and place machine after solder paste is applied to the
board. It is a robotic device that sets the surface mount devices (SMDs) on the PCB. The
following image shows a pick and place machine:

Fig. 2.2.3: Pick and place machine

Reflow Soldering
When the solder paste and the SMDs are in place, the solder paste requires to solidify, to
adhere the components to the board. After the pick and place process, the PCB board is
transferred to conveyor belt. This conveyor belt moves through a large reflow oven which
contains a series of heaters.
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Once the solder melts, the PCB continues to move through a series of cooler heaters, which
allow the melted solder to cool and solidify in a controlled manner. As a result of this process,
a permanent solder joint is created that connects the components to the board.
Inspection and Quality Control
After the surface mount components are soldered in place, the assembled board is tested for
functionality.
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 which is plated all the way through the board. These
holes are used by the PCB components for passing a signal through the board. In such cases,
the soldering paste is not effective as the paste will not adhere and will run straight in to the
hole.
Final Inspection
A final inspection tests the functioning of a PCB by 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.

2.2.3 Types of PCBA Processes
There are two types of PCB assembly processes:
• Thru-Hole Technology (THT) Assembly Process
•

Surface Mount Technology (SMT) Assembly Process

The circuits and components can be mounted on a double-layer PCB board using one of the
following 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. 2.2.4: Mounting techniques
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The following figure shows the steps of THT assembly process:

Components
Placement

Inspection &
Rectification

Wave Soldering

Fig. 2.2.5: THT assembly process

The following figure shows the steps of SMT assembly process:
Solder Paste
Printing

Components
Mounting

Reflow Soldering

Fig. 2.2.6: SMT assembly process

2.2.4 Loading Program for PCB Assembly
PCB manufacturing is done from fabrication of data generated by the software, Computer
Aided Design (CAD), and component information.
CAD is used to create, modify, analyse and optimize a design using the computer. The
fabrication data is read into another software Computer Aided Manufacturing (CAM). The
functions performed by CAM are listed as follows:
•

Input of the fabrication data

•

Verification of data

•

Compensation for the deviations in manufacturing processes; for example, scaling is
used to compensate for the distortions occurred during the lamination process

•

Penalization

•

Output of the digital tools such as drill files, copper patterns, inspection and others

To assemble a specific type of PCB, right text files such as loading list, containing the
component’s name, location and rotation angle are needed. The technician needs to load the
right program file in the machine, so that the right components are placed on right position
on the PCB. The following figure lists the steps for program loading:
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Collect the right text
files containing
information about the
name and position of
the components.

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

Fig. 2.2.7: Steps for program loading

The technician 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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Activity
1. Write the steps of PCBA.

2. List the differences between THT and SMT assembly process.
_____________________________________________________________________
_____________________________________________________________________
_______________________________
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UNIT 2.3: Reflow Oven Soldering Machine Operation
Unit Objectives
At the end of this unit, you will be able to:
•
•
•
•
•
•
•
•
•

Explain the reflow soldering process
Demonstrate the operation of reflow oven machine
List different operating temperature and time profile
Identify the importance of changing of reflow settings
Inspect assembled boards before loading
Identify how to adjust conveyor belt in reflow oven
Perform loading of boards and starting the oven
Monitor soldering process
Inspect of soldered boards

2.3.1 Reflow Soldering Process
Reflow soldering process involves surface mounted components, whose lead sits on pads on
the board. A solder paste is applied to the pads which, when headed, combines with the
reflowed solder on the pads on the board to form a joint. The reflow “oven” therefore, is a
convection oven with tightly controlled temperature parameters which will heat the board,
“spike” the temperature to the point of reflowing the solder, then cool the board. The
following image shows a PCB in a reflow soldering oven:

Fig. 2.3.1: A PCB in a reflow soldering oven

Reflow Soldering Reliability
More recently designed products utilizing the low profile, high lead count, fine pitch SM
components, when combined with Chip Scale Packages (CSP) present additional challenges to
the techniques and technologies of high reliability component interconnection.
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The significant obstacles of highly reliable interconnections between fine pitch SM and
reduced size CSP component are dependent upon following parameters:
•

Quality and repeatability of reflow process

•

Technology and package construction

•

Uniformity and contents of the solder paste and the interconnection pad plating

•

Individual board design, both internally and externally

•

Conditions in which the product will be used

•

Intended product life

Reliability level demands are higher for products using the new low profile, fine-pitch, high
lead count miniature IC packages, such as CSP and reduced size BGA over assemblies built
around older, more conventional packages with their longer and more compliant leads.

2.3.2 Reflow Process
The reflow process consists of 4 steps.
• Preheat
• Dry out
• Reflow
• Cooling
Preheat
In the preheat section, the SMT assembly is preheated to temperatures between 100°C and
150°C. To minimize the thermal shock on the assembly components, the rise in temperature
is controlled at a rate between 1-4°C/second. Also, solder paste may spatter because of rapid
heating.
Dryout
Dryout, also known as preflow zone, is mainly used to ensure that the solder paste is fully
dried before reflow temperature is reached. It has a consistent temperature, 150°C to 170°C,
for an extensive time period, that is 60 to 120 seconds. For RMA solder pastes, this section
acts as a flux activation zone. To ensure uniform heating for the SMT assembly before entering
the reflow zone, dryout provides thermal stabilization of components (both large and small).
Reflow
The reflow section heats the solder paste to a temperature greater than its melting point. To
ensure quality reflow for the solder joint leads, the reflow temperature must be raised by
20°C (approximately).
The duration for which the solder joint remains above its melting point, is referred to as time
over or wetting time. For most pastes, it is between half a minute to one minute. If the wetting
time is too high, it would lead to formation of intermetallic layer in the joint and make the
joints brittle.
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Cooling
The aim of the cooling system is to bring the product below liquidus temperature before it
exits the oven. The temperature is reduced gradually from +183°C to < +40°C over a period of
3 minutes. The gradual cooling is important for the printed wiring board (PWB) after reflow
process. During this period, the molten solder solidifies and forms a strong solder joint.

2.3.3 Reflow Oven
The reflow oven contains multiple zones for the four steps of the reflow process. These zones
can individually be controlled for different temperature. The PCB moves on a conveyor belt
through the oven, and is subjected to a controlled time-temperature profile.
Normally, the heat source is the ceramic infrared heaters, from where the heat is transferred
to the assemblies via radiation. Infrared convection ovens use fans to force the heated air
towards the assemblies. These are generally used along with ceramic infrared heaters.
Some ovens are designed to reflow PCBs in an oxygen-free atmosphere. Nitrogen (N2) is a
common gas used for this purpose. This minimizes oxidation of the surfaces that are to be
soldered. The following image shows a reflow oven:

Fig. 2.3.2: Reflow oven

Fig. 2.3.3: Internal structure of reflow oven

28

EMS Technician

Operation of Reflow Machine
The technician must have knowledge of how to operate a reflow oven soldering machine. The
following figure lists the steps to operate a reflow oven:
Switch on the reflow machine.
Set the reflow profile parameter and the number of boards to be reflowed at a
time.
Wait till set profile is achieved.
Place pilot board for reflow in oven.
After reflow, have a quick look at the pilot boards for proper soldering.
Send the board to the visual inspection section.
Send the pilot lot for quality approval.
Start production after quality approval.
If power failure occurs when the board is running in oven, pass the board for
quality inspection.
If any problem is found in the board then reflow the board again.
Fig. 2.3.4: Steps to operate a reflow oven

If it is required that a PCB has components mounted on both sides of the board, the following
practices should be applied:
Set reflow
temperature slightly
lower than the other
side and wait till set
profile is achieved.

Place pilot boards for
reflow in oven.

Wait for mass
production until
quality approves the
pilot lot.

Start production after
quality approval.

Fig. 2.3.5: Steps to operate a reflow oven for a double-side PCB
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2.3.4 Operating Temperature and Time Profile
Soldering of high quality and low defect, requires identification of the optimum temperature
profile for the reflow process. It is critical to apply uniform heat to every solder joint on the
board. There must be compatibility of the components and the solder paste with the
temperature rise rates for heating and cooling. The duration for the assembly being exposed
to a certain temperature must be set and maintained.
As an assembly moves through a soldering system, it is exposed to a controlled rise and fall in
temperature.
the reflow profile depends on the correlation between the heating temperature and the
duration. A typical reflow profile comprises of three heating slopes. The time and temperature
limits within these slopes are different for different solder pastes.
The following figure shows a typical thermal profile:

Fig. 2.3.6: A typical thermal profile

Profile Control Limits
To define profile control limits, solder paste requirements along with specific requirements
of components or board material need to be taken care of. The process bandwidth is defined
as the total deviation in temperature that may occur and yield reliable results. For
determining the profile control limits, thermocouples are attached to a board with
components.
Thermocouple (TC) Attachment Process
The following figure lists the steps for attaching a thermocouple to the PCB:

Measuring the
temperature
profile

Determining
the TC
locations

Preparing the
surface

Fig. 2.3.7: Steps for attaching a thermocouple to the PCB
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Measuring the Temperature Profile
To monitor the temperature, during the soldering process, at critical points of the PCB
thermocouples (TC) are used. These consist of two wires of different materials, welded
together at one end.
The temperature-dependent contact voltage (thermal voltage), built up between the wires,
is measured and is assigned to the appropriate temperature value.
Determining the TC Locations
The location of TC is determined by identifying the critical points and attaching the TCs to the
proper pads. The TCs should be attached in places such that the temperature readings are
received from the hottest and coldest points on the board. The measurements received from
these TCs are used to check the consistency of the thermal profile throughout the product,
and to measure the thermal profiles of heat sensitive components. The following image shows
placement of thermocouple to determine the profile control limits:

Fig. 2.3.8: Placement of thermocouple to determine the profile control limits

Remember that TCs in densely populated areas will take more time to heat up and will hold
the heat longer. TCs should also be placed at the edges of the board and in any areas with
small or non-existent components that will heat up faster than the rest of the board.
Preparing the Surface
The following figure lists the steps for preparing the surface:

Thoroughly clean your
selected TC locations.

Remove any residual low
temperature solder and
other contaminants that
might prevent complete
high temperature solder
wetting.

Use alcohol or a suitable
solvent to scrub the
attachment surface.

Place the solder wick on
the surface and press the
soldering iron into the
wick, heating both the
wick and the surface to
be cleaned.

Use as much wick as
necessary to remove all
free flowing solder
droplets.

When solder has been
completely removed, rescrub the attachment
surface to remove any
remaining contaminants.

Fig. 2.3.9: Steps for preparing the surface
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Attaching the TC
The TC bead is placed on the attachment surface and both are then heated evenly. The solder
is touched to the heated TC bead. The solder is melted by the heat from the TC bead. This
method allows superior wetting and a stronger solder joint to the pad or the lead. The
temperature reading is received from the first point of contact between the two wires leading
from the TC. To receive accurate readings, separate both wires all the way up to the TC bead
after soldering.
Setting Up the Oven
When the thermocouples are attached on the test board, the oven is set up for creating a
three-step thermal profile on the board. To create the thermal profile, the following oven
parameters are adjusted:
1.
2.
3.
4.

Zone set point temperatures
Conveyor speed
Fan speed
Cooling rates (if applicable)

If the test board temperature results are different from the desired profile, profiling needs to
be repeated. The oven parameters are adjusted and again compared with the standard
results. The following image shows a report profile of thermocouples:

Fig. 2.3.10: A report profile of thermocouples

In the above graph, the curved lines represent the temperature sensed by the thermocouple
attached to a product while passing through the oven.
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Different Heat Transfer Modes
There are three heating modes: conduction, convection and infrared radiation (IR).
•

Conduction:

Conduction heat transfer takes place when two solid objects of different temperatures are
placed together. The following diagram shows the conduction process:

Fig. 2.3.11: Conduction heat transfer process

Conduction helps in heating a product uniformly, as the heat travels from a hot spot to a cold
spot. If there is difficulty in reflowing a product, use a good solution to reduce the set point
temperatures of the oven heater and the conveyor speed. This will lead to heat the product
more uniformly by allowing time for the conductive flow.
If the edge of the conveyor in contact with the board is hotter or cooler than the product,
conduction hinders the reflow process. It can lead to formation of hot or cool spot along the
edge of the product, preventing the formation of uniform solder joints on the PCB’s outer
fringes.
•

Infrared Radiation (IR)

IR occurs when two objects with different temperatures are within each other’s sight. The
earth is heated by the sun through IR mode. Dull and rough surfaces absorb the heat from the
sun better than the shiny and smooth surfaces. The following diagram shows the IR process:

Fig. 2.3.12: Infrared radiation process
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Plastic components, fluxes and epoxy glass laminates absorb the IR very well. Shiny, reflowed
solder reflects the IR energy away. Solder joints around the small packages, in sight of the IR
energy, get heated better that the solder joints around larger devices.
•

Convection

Convection heat transfer takes place when a fluid passes over an object. This heat transfer
requires the flow to be in contact with the solid. Only the layer of the flow which is in contact
with the solid actually transfers the heat. Convection may be categorised as natural or forced.
o

o

Natural convection takes place when there is no flow being forced over the object.
The temperature differences between the environment and the object lead to the
convective heat transfer.
Forced convection requires an external force to push or pull the flow over the object.

2.3.5 Reflow Profile Settings
There are 8 zones in reflow oven machine. Let us take an example of a machine with the
following characteristics:
•
•
•
•
•

•

Model no: OMEGA CL23A, Version S/W-KIC 2000
Test point (°C): 100°C, 250°C, 350°C
Melting point: 217°C, 217°C, 221°C
Preheat time: 60-180second
Reflow profile for lead free:
Zone1

Zone2

Zone3

Zone4

Zone5

Zone6

Zone7

Zone8

120°c

160°c

185°c

195°c

220°c

240°c

250°c

240°c

Reflow profile for non-lead free:
Zone1

Zone2

Zone3

Zone4

Zone5

Zone6

Zone7

Zone8

100°c

130°c

155°c

160°c

170°c

190°c

220°c

245°c

The zones are categorised as listed in the following figure:
Zone 1, 2, 3

Preheat zone

Zone 4, 5, 6

Soaking zone

Zone 7

Thermal equalization/stabilization zone

Zone 8

Reflow zone

ZONE 9, 10

Cooling zone

Fig. 2.3.13: Reflow zones
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Characteristics of Reflow Oven
The following image shows the characteristics of a reflow oven with the reflow soldering
stages:

Fig. 2.3.14: Characteristics of a reflow oven with reflow soldering stages

The stages in the reflow soldering process are as follows:
•

•

•

•
•

Initial Pre-Heat Stage: During pre-heat stage, as the volatile ingredients get evaporated, the
solder paste starts to dry. The initial pre-heat stage occurs during the first 90 seconds of the
reflow profile when the temperature is increased slowly from room temperature to
approximately +155°C.
Flux Activation and Pre-Heat Soak Stage: The temperature is increased gradually, after the
pre-heat stage, to +183°C over approximately 90 seconds, so that the flux in the paste can
clean the bonding surfaces. During this stage, the temperature of the solder paste and
soldering surfaces should roughly be same.
Ramp Up: Over a duration of 30 seconds, the temperature is increased to the peak reflow
temperature. The duration of the exposure at the peak temperature depends on the package
dimensions. Peak reflow temperatures are as follows:
o +220°C to +225°C for IR and FC Reflow Systems
o +215°C to +220°C for most VPR Systems
Ramp Down: The reflow stage is completed when the temperature is reduced to the melting
point of the paste (+183°C approximately) with an approximate duration of 30 seconds.
Cooling Zone: The temperature profile is completed as the temperature is reduced gradually
from +183°C to < +40°C over an approximate duration of 3 minutes. During this period the
molten solder forms a strong joint fillet by getting solidified.
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2.3.6 Inspection of Assembled Boards Before Loading
Printed Circuit board (PCB) is a platform for different components as well as circuit signal
transmission. Reliability and quality of the end products depend on the quality of PCBs. Timely
inspection of PCBs is very important to avoid failure issues such as bad wettability, crack,
delamination.
In order to maintain the quality of assembled PCBs and eliminate surface defects, PCB
manufacturers and assemblers perform inspection of boards at different stages of
manufacturing and assembly process.
Technology like Surface Mount (SMT), increases the inspection requirement. Long term
electrical reliability of SMT assembled devices depends on the structural integrity of solder
joints, which definitely makes it necessary to conduct PCBA inspection.
Many a times, a small displacement during the reflow process results in lack of a connection
or poor connection quality. Another common side effect is shorting of connections. The
misplaced components sometimes connect the unintended parts of the circuit.
The following figure lists different faults that can occur in the reflow process:
Shifting

Bridging

Missing

Tomb stoning

Shorting

Wrong value

Reverse
direction

Off-set down

Polarity

OCV

Fig. 2.3.15: Different faults that can occur in the reflow process

Tombstoning also known as Manhattan Effect or Chip Lifting is a common defect in modern
SMT processes relating to the small passive chip components which are mounted on PCBs.
Tombstoning refers to the scenario when one end of the component gets detached from
copper pad of the board. The following diagram shows tombstoning effect:

Fig. 2.3.16: Tombstoning effect

Bridging occurs when multiple adjacent pads get connected and form a conductive path.
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The following diagram shows bridging fault:

Fig. 2.3.17: Bridging fault

The following images show correct and incorrect placements of the components:

Correct Placement

Incorrect Placement
Fig. 2.3.18: Correct and incorrect placements of the components

These misalignments and errors are required to be checked using 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. 2.3.19: Common inspection methods
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If any unacceptable fluctuation is observed in any of the characteristics such as voltage,
current or signal output or these characteristics hit peaks beyond a predetermined range, the
PCB fails the inspection test. The failed PCB is then recycled or scrapped.

2.3.7 Adjusting Conveyor Belt in Reflow Oven
After the components are soldered on a PCB board, it gets transferred to a conveyor belt.
The belt moves through the reflow oven.
Conveyors are used to transport circuit boards to various assembly process stations with
adjustable features like height, depth, transfer speed and travel direction. Boards are placed
on the belt from the outermost edge as components are mounted on both sides of PCB. The
following image shows PCBs on conveyor belt:

Fig. 2.3.20: PCBs on conveyor belt

An adjustable conveyor includes a frame with two tracks of two conveyor belts. The first and
the second track are mounted on the frame so that they are parallel to each other. Each of
the track includes two elements that are connected to each other. The space between the
first and the second element can be adjusted according to the change of the length of the
respective track. The following image shows the setup of conveyor belt in the production
line:

Fig. 2.3.21: Setup of conveyor belt in the production line
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The conveyor also includes a device for simultaneously driving the first and second conveyor
belts.
Different steps of assembly process are carried out at different speeds, so the conveyor acts
as a holder for the boards. Transportation on a conveyor has to be done smoothly to make
sure that unfixed components on the board don’t move.

2.3.7 Loading Boards and Starting the Oven
After the conveyor belts are adjusted as per the PCB size, the PCBs are loaded on to the belts
and the reflow oven is started. The thermal and time profiles and the reflow settings are
adjusted as per the requirement.
The board is normally transported into and out of the working area by conveyor belts. Once
in the working area, the board is stopped in the desired position either mechanically or by
using an optical sensor. The board is clamped rigidly in position to prevent lateral movement
and supported to resist the downward forces during the print stroke, which would otherwise
lead to warping and solder depletion under the stencil.
Fixtures can be of several forms, including:
•

A dedicated tooling plate with dowel pins to align the board

•

A matrix of manual or programmable universal mounting pins

The solution chosen will depend on the application. Providing adequate support during
second side printing can be problematic, particularly when the first side assembly is densely
packed with components, or the board is thin. The common method is to use a dedicated
tooling plate which is machined to accommodate the components. This gives better support
than a bed of nails fixture, especially around the board periphery.
Alignment
Accuracy of alignment is critical. The aim is to position the board accurately to align the solder
pads on the PCB pattern with the stencil apertures. This requires three adjustments (X, Y, Z).
As the range of angular adjustment is small, alignment is often implemented using x1, x2 and
Y adjusters. The following diagram shows the alignment of PCBs:

Fig. 2.3.22: PCB alignment
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Manual adjustment has now been replaced by vision systems using a CCD camera to image
fiducial marks on the board. A number of different shapes of fiducial have been used in the
past. Now, the industry tends to use a solid filled circle between 1mm and 3mm in diameter.
The following figure lists the sequence of operations for aligning the boards:
Board moves to
board stop and is
clamped

Camera moves to
fiducial 1 and 2
sequentially and
locates their
positions

Stencil is aligned

Board support
moves up

Squeegee
operation
commences

Board support
moves down

Board is unclamped
and moves out of
machine
Fig. 2.3.23: Sequence of operations for aligning the boards

The accuracy of alignment depends on the:
•
•

Optical and lighting system used
Size of the picture elements into which the board image is converted by the camera

•

Algorithm used to determine the necessary location information from the board image

Alignment compromises
Differences in temperature and humidity during production can lead to small differences in
dimensions, particularly on large boards, so it cannot be guaranteed that the stencil will
exactly match the board even though these have been created from the same CAD artwork.
The following diagram shows some alignment compromises:

Fig. 2.3.23: Some PCB alignment compromises
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2.3.8 Monitoring Soldering Process
Once the reflow oven is started, the technician needs to monitor the soldering process. The
temperature sensor is attached to the soldering system’s area at the same height where
PCBs are to be soldered. This reduces the time-consuming process of preparation and
connection of thermocouples. The effort of connecting a data logger to computer, starting
and ending a measurement is eliminated as each process cycle is measured and saved
automatically. This makes sure that each manufacturing batch is monitored with
uninterrupted documentation of soldering profiles.
Temperature sensors are available throughout the entire soldering process from preheating
to cool down phase, resulting in a continuously reproducible profile.
The following image shows a screenshot of the software for eC-reflow-mate, with
prescribed profile superimposed in order to indicate temperature profiles in practice:

Fig. 2.3.24: Ideal profile versus measured profile

In the above screenshot,
•

Red Curve: Represents a sensor that floats above the PCB

•

Yellow Curve: Represents a sensor that floats below the PCB

•

Green Curve: Represents a sensor that touches the PCB

•

Blue Curve: Represents the prescribed profile

The curves correspond to a PCB with a size of 100×150mm that was put on PCB spacers in the
middle of the oven. The bottom heating is set to follow the top heating (“Follow 0 °C”). The
following image shows the corresponding PCB for the curves:

Fig. 2.3.25: Corresponding PCB for the curves
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2.3.9 Inspection of Soldered Boards
Once the components are soldered on the PCB board, the technician needs to check the
solder joints to ensure quality. The soldered boards may contain various faults listed in the
following figure:
Pin holes or
blow holes

Bulbous joint /
excess fillet

Cracking of a
solder joint

Incomplete
joints

Inconsistent or
poor hole fill

Joint
contamination

Pad
contamination

Poor
penetration

Solder flags or
spikes

Solder shorts

Sunken joints

Solder mask
discoloration

Fig. 2.3.26: Faults in soldered boards

The soldered boards can be tested using test systems. Some of them are as follows:
Structural Process Test System (SPTS)
Structural Process Test System uses emitting light like visible light, laser beam and X-ray to
process images and measure defects related to solder joint quality. There is no requirement
to physically touch circuit board in SPTS. SPTS eliminates the subjectivity from measurement
of defect.
Automatic/Automated Optical Inspection (AOI)
AOI provides information about the solder joint curvature, that helps in determining whether
the solder is sufficient, the solder joints are complete and whether any bad wetting has taken
place. Besides, AOI system also inspects missing components, solder bridging and component
displacement after the reflow soldering. The speed of an AOI equipment is 30-50 joints per
second and features relatively low cost. The following image shows a technician inspecting
soldered boards using AOI system:

Fig. 2.3.27: A technician inspecting soldered boards using AOI system

Automatic Laser Test (ALT) Measurement
ALT is used to test the height and the shape of solder paste deposition and the solder joints.
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X-ray Fluoroscopic System
X-ray fluoroscopic system inspects the solder joint defects including bridging, misalignment,
crack, insufficient solder and so on. Besides these, it can inspect any missing components and
reversed tantalum capacitors.
X-ray Lamination System
This system can provide process defect coverage by measuring the parameters of the physical
solder joints at different focal planes. After the measurement results are analysed, data is
provided to characterization and assembly improvement.
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Activity
1. List six faults that can be found in the soldered boards.

2. Name the gas that can be used instead of oxygen in the reflow process.
_________________________________________
3. Name the four stages in reflow process and briefly describe them.
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UNIT 2.4: Electro Static Discharge (ESD) Precaution and
Contamination Prevention
Unit Objectives
At the end of this unit, you will be able to:
•
•
•
•

Define ESD
List the causes of ESD and its effects on electronics
Apply correct measures for ESD protection
Explain contamination prevention practices

2.4.1 Introduction to ESD and its Causes
In today’s world, it is very important to get protection against system-level ESD, both in the
industrial space and the consumer space. A single ESD strike is enough to damage a product
permanently. Hence, ESD protection is very critical for a system design.
Electrostatic discharge (ESD) is the unexpected flow of electricity between two electrically
charged objects caused by contact, an electrical short or dielectric breakdown. A build-up of
static electricity can be a result of electrostatic induction or tribo charging. The causes are
listed as follow:
•

One of the causes of ESD events is static electricity. Static electricity is often generated
through tribo charging. When two materials are brought together into contact and then
separated, the electric charges get separated. Tribo charging leads to a build-up of static
electricity by rubbing or touching of surfaces of two dissimilar materials (in specific
combinations). Rubbing plastic comb against dry hair and rubbing balloon against sweater
are some examples of tribo charging.

•

The ESD may take place when the dielectric between the objects breaks down, creating a
visible spark.

•

ESD event can be caused through electrostatic induction. This takes place when an
electrically charged object is brought near a conductive object which is isolated from
ground. An electrostatic field is created because of the charged object and it causes
redistribution of electrical charges on the other object’s surface. The net electrostatic
charge of the object is same but there are some regions with excess negative and positive
charges.

2.4.2 Effects of ESD on Electronics
With most electronics ICs and components being designed to operate at voltage of 5 V or less,
it is hardly surprising that electrostatic discharges can cause damage. For any electronics
manufacturing, repairing, maintaining, or working, it is imperative that the effects of ESD are
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taken seriously. To this end, ESD measures ranging from full ESD protected areas using ESD
workbenches, ESD flooring, ESD clothing, ESD wrist straps and the like are used.
ESD can have disastrous effects on electronic components. With ICs operating at supply
voltages of 5 V and less these days, and with the feature sizes measured in fractions of a
micron, the static charges that go unnoticed in everyday life can easily destroy a chip. Worse
still, these effects may not destroy the chip instantly, but leave a defect waiting to cause a
problem later in the life of the equipment. The following image shows ESD sparks over
electronics components:

Fig. 2.4.1: ESD sparks over electronics components

2.4.3 ESD Protection
In view of their sensitivity to static, most semiconductor devices today are treated as static
sensitive devices (SSD). To prevent the damage caused by ESD, the devices must be handled
in anti-static areas, often called Electrostatic Protected Areas (EPAs). Within these areas, a
variety of precautions are taken to make sure that static charge is dissipated and the SSD,
static sensitive devices do not encounter any static discharges. Anti-static areas include
benches with dissipative surfaces, wrist straps for the operators, anti-static flooring and so
on.
To combat ESD effects and to prevent damage to the electronic components from the effects,
industry is spending considerable amount of money. Anti-static areas along with measures to
ensure that the people are not carrying any static are used. During manufacturing,
electrostatic discharge protected areas (EPA) are used to virtually remove the destructive
effects of static on the electronics equipment.
ESD protection can be implemented in following ways:
•

ESD protection at circuit and assembly design: In normal use, electronic circuits can survive
electrostatic discharges encounter. It is important that the circuitry has an inbuilt ESD
protection. It is essential that the sub-assemblies and boards have measures of ESD protection
so that they do not get damaged when they are handled.

46

EMS Technician

•

Building and testing equipment in EPA: The level of ESD protection necessary in an
environment is achieved by using an ESD protected area or EPA. Strict controls are
employed within an EPA to ensure dissipation of ESD and provide protection to the
components and assemblies.

•

Storing components in ESD controlled area: Besides the fact that, the electronic
assemblies are built within an ESD protected environment, it is also essential to ensure
that all the components are transported and stored within an environment with ESD
protection.

•

Introducing ESD control process: Ensuring dissipative environment is the first step for
creation of an ESD protected area while the installing an equipment and physically
generating a static. ESD training is required to ensure that people follow the right
processes. EPA will work properly when the individuals using the area understand the
right way to handle the components, equipment and the assembles and prevent the
damage caused by ESD.

ESD Protected Area
The following figure lists the measures that are used within an EPA:
ESD environment
•Flooring should be static dissipative. Suitable tiles or carpet can be installed.
•Other items, such as humidifiers, are used to control the humidity.
ESD products
•These include Static shielding bags, Static dissipative IC tubes and other ESD

packaging for components.
ESD workbench and ancillaries
•An ESD workbench with ESD straps and ESD seats is used to ensure that the

operator or user is grounded via a high resistance dissipative path.
ESD tools
•ESD tools, such as ESD soldering iron, can easily transfer static directly to the

components. This can provide a good transfer path resulting in high current
levels that can cause more damage.
ESD clothing
•These include ESD coat, ESD shoes, ESD gloves and so on.

Fig. 2.4.2: Measures that are used within an EPA

The technician should use the ESD tools and clothing while working.
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The following figure shows the images of a technician using ESD tools and clothing:

Fig. 2.4.3: A technician using ESD tools and clothing

2.4.4 Contamination Handling
An EMS technician needs to work with small electronic components. He/she must ensure that
the components are connected in right places with right terminals joined to the right points
on the PCB. Otherwise, they may damage the PCB and the connection and may cause ESD.
The technician needs to take care of the solder and flux. These are chemical components and
should be handled properly so that they are not touched with bare hands. Amount of these
components should be checked, otherwise, soldier joints will be broken or burnout.
The temperature needs to be maintained during the soldering operations to get a correct
solder joint.
The reflow machine and PCBs with other components must be cleaned to avoid any
contamination due to dust and chemical components.

48

EMS Technician

Activity
1. List two causes of ESD.

2. What are the measures that are used in EPA?
_________________________________________
_________________________________________
_________________________________________
_________________________________________
_________________________________________
_________________________________________

49

Participant Handbook

UNIT 2.5: Maintaining Records
Unit Objectives
At the end of this unit, you will be able to:
•

Manage the records for reflow operations

As an EMS technician, all the assembly records of the setup, operations and routing
maintenance tasks must be kept. The following figure lists the documents that are required
to be understood and maintained:
Production
schedules

Operation
manuals

Verbal
instructions

Sequential
start-up and
operation tasks

Daily tasks

Fig. 2.4.1: Documents to be understood and maintained

All the daily tasks are maintained in the form of a log file. Other tasks that need the records
to be documented include:
• Cleaning activities
• Visual inspections
• Production reports
• Procurement of materials
• Repurchase of components
At the end of the day, the technician needs to record:
• Number of PCBs manufactured
• The status and count of the electronic components
• Any challenge during the reflow work
• Any damaged electronic components or PCBs
• Voltage values, Values for current, Tolerance values, Base part numbers of the
components
He/she should also maintain the record of the parameters during the reflow work. The report
of visual inspection must be recorded for further work.
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/

3. Undertake Preventive
Maintenance of the
Machine
Unit 3.1 – Maintenance of Reflow Oven Machine
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Identify how to maintain reflow oven machine
2. List the maintenance tasks
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UNIT 3.1: Maintenance of Reflow Oven Machine
Unit Objectives
At the end of this unit, you will be able to:
1. Identify how to maintain reflow oven machine
2. List the maintenance tasks

3.1.1 Maintaining Reflow Oven Machine
It is the responsibility of an EMS technician to clean and maintain the reflow oven on a
regular basis. It increases the lifetime of the machine and also helps in avoiding downtime
during production and manufacturing.
Proper maintenance of reflow oven machine can improve the production quality and
efficiency. The foremost maintenance task is the removal of the built-up flux residue inside
the chamber of the oven. Although flux collection system is available in modern reflow
machines, still there are chances that flux can get stuck to the inert air ventilation pipe and
thermal regulator panel. This results in incorrect thermal data readings and as a result,
thermal controller will make wrong adjustment instructions. The following figure lists the
daily tasks to maintain a reflow oven:
Clean and wipe down the machine daily. Make a neat workplace.

Check conveyor chains, sprockets, mesh and the automatic
lubrication system.

Add oil on time to lubricate the machine.

Clean the photoelectric switches.

Fig. 3.1.1: Daily tasks to maintain a reflow oven
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The following image shows an open cover reflow oven under maintenance:

Fig. 3.1.2: Open cover reflow oven under maintenance

The following figure lists some additional maintenance tasks for the reflow oven:

Once the chamber temperature decreases to room
temperature, open the hood and clean the inside surface of
chamber with a proper cleaning agent.

Clean the ventilation pipe with a cleaning agent.

Vacuum the chamber and remove the flux residue and
soldering balls.

Check and clean the air blower and air filter.

Fig. 3.1.3: Additional maintenance tasks for the reflow oven

The technician should maintain a lubrication schedule and checklist for the maintenance of
the machine.
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The following figure shows a sample lubrication schedule:

Fig. 3.1.4: Lubrication schedule

55

Participant Handbook

Activity
1. Create a daily task list to maintain a reflow oven.
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/

4. Achieve Productivity
and Quality Standards
Unit 4.1 – Achieving Quality and Productivity
Unit 4.2 – Soldering of Boards

57

Participant Handbook

Key Learning Outcomes
At the end of this module, you will be able to:
1. Identify how to achieve quality and productivity
2. List the industry quality standards
3. Explain the process of soldering and the precautions to be taken while soldering
4. Select the soldering components as per specifications
5. Explain wave soldering process
6. Identify the soldering defects
7. Define RoHS compliance
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UNIT 4.1: Achieving Quality and Productivity
Unit Objectives
At the end of this unit, you will be able to:
1. Identify how to achieve quality and productivity
2. List the industry quality standards

Achieving quality and productivity is very important for any kind of work. An EMS technician
requires to maintain the quality standards and achieve daily productivity. For this, he/she
should know the quality standards to follow. Maintaining quality will help in meeting the
daily target, as compromise in quality may lead to wastage and consumption of hours in
rework.
The technician needs to:
•
•
•
•

Inspect the components
Deliver board as per expected timelines
Follow the industry quality standards for PCB soldering
Follow the machine instruction provided in the manual and the specified thermal and
time profile as prescribed for the PCB

4.1.1 Inspection of Components
The technician should check all components as well as the reflow machine before placing the
components on the PCB. He/she must check:
•
•
•

Whether the components are in working condition
Whether all required components are available
The compatibility and specification of the PCBs

While placing the electronic components on PCBs, the polarity should be taken care of.
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 in reducing the turnaround time (TAT) for DFM checking in PCB
assembly. The polarity should be visible even when the components are soldered on the
board for easy identification later on.
The EMS technician should maintain a checklist to maintain record of the inspection. After
the work is started, if there is any missing component or the board does not match with the
specification or any such problem occurs, it will affect the workflow.
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4.1.2 Delivering PCBs as per Timeline
Timely delivery is very important for a production line. If a product, at any stage, is not
received from the its previous stage, it will delay the production of the finished product. Same
happens with the product quality. If product quality, at any stage, is low, it gets lower in the
later stages too.
The technician should be aware of his/her work requirement and delivery schedules. He/she
needs to take care of the quality by:
•
•
•
•

Monitoring the machine operations
Inspecting the components
Following the standard parameter values and specifications
Working as per the standard operating procedures

4.1.3 Maintaining Industry Quality Standards
The technician has to follow the industry quality standards while working with PCBs. IPC,
the Association Connecting Electronics Industries, is a trade association which standardizes
the requirements for the assembly and production of electronic assemblies and equipment.
IPC is accredited by the American National Standards Institute (ANSI) as a standard
developing organization and is globally known for its standards. It publishes the most widely
used acceptability standards followed in the electronics industry.
IPC Standards
IPC-A-610, Acceptability of Electronic Assemblies, is used by EMS companies and the original
equipment manufacturers across the world.
The following figure lists the reasons of following IPC standards in manufacturing:
Gain control
over end
product quality
and reliability

Quality and reliability play an important role in market competition
and maintaining reputation and profitability for a company.

Improve
communication
with suppliers
and employees

IPC standards are being followed by everyone in the market including
competitors, suppliers and EMS providers.
IPC standards help to understand global electronic industry.

Implementation of IPC standards throughout the manufacturing
process helps in better performance, longer life and compliance with
lead-free regulations.

These standards eliminate confusion as these are established industry
standards.
Help reducing
costs

Ensure that assembly design and bare boards comply with IPC
standards.
This results in producing electronic assemblies with the required
quality, minimizing costs, reword and wastage.

Fig. 4.1.1: Reasons of following IPC standards in manufacturing
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The following figure lists the standards published by IPC:

General documents

•IPC-T-50 Terms and Definitions
•IPC-2615 Printed Board Dimensions and Tolerances
•IPC-D-325 Documentation Requirements for Printed Boards
•IPC-A-31 Flexible Raw Material Test Pattern
•IPC-ET-652 Guidelines and Requirements for Electrical Testing

of Unpopulated Printed Boards
•IPC-2612 Sectional Requirements for Electronic Diagramming

Documentation (Schematic and Logic Descriptions)
Design
specifications

•IPC-2221 Generic Standard on Printed Board Design
•IPC-2223 Sectional Design Standard for Flexible Printed Boards
•IPC-7351B Generic Requirements for Surface Mount Design

and Land Pattern Standards
•IPC-FC-234 Pressure Sensitive Adhesives Assembly Guidelines

Material
specifications

for Single-Sided and Double-Sided Flexible Printed Circuits
•IPC-4562 Metal Foil for Printed Wiring Applications
•IPC-4101 Laminate Prepreg Materials Standard for Printed
Boards
•IPC-4202 Flexible Base Dielectrics for Use in Flexible Printed
Circuitry
•IPC-4203 Adhesive Coated Dielectric Films for Use as Cover
Sheets for Flexible Printed Circuitry and Flexible Adhesive
Bonding Films
•IPC-4204 Flexible Metal-Clad Dielectrics for Use in Fabrication
of Flexible Printed Circuitry
•IPC-A-600 Acceptability of Printed Boards
•IPC-A-610 Acceptability of Electronic Assemblies
•IPC-6011 Generic Performance Specification for Printed

Performance and
inspection
documents

Boards
•IPC-6012 Qualification and Performance Specification for Rigid
Printed Boards
•IPC-6013 Specification for Printed Wiring, Flexible and RigidFlex
•IPC-6018 Qualification and Performance Specification for High
Frequency (Microwave) Printed Boards
•IPC- 6202 IPC/JPCA Performance Guide Manual for Single- and
Double-Sided Flexible Printed Wiring Boards
•PAS-62123 Performance Guide Manual for Single & Double
Sided Flexible Printed Wiring Boards
•IPC-TF-870 Qualification and Performance of Polymer Thick
Film Printed Boards
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•IPC-FA-251 Assembly Guidelines for Single and Double Sided

Flexible Printed Circuits
Flex assembly and
materials standards

•IPC-3406 Guidelines for Electrically Conductive Surface Mount

Adhesives
•IPC-3408 General Requirements for Anisotropically Conductive
Adhesives Films

Fig. 4.1.2: Standards published by IPC

Source: https://en.wikipedia.org/wiki/IPC_(electronics)
IPC-A-610
The IPC-A-610 Acceptability of Electronic Assemblies is the most common standard for
electronic assemblies which defines acceptability for printed circuit boards assembly. There
are 3 classes of IPC-A-610 which are used to divide PCBA acceptability, so that correct
requirements can be determined for your products.
IPC-A-610 classes:
The following table explains the classes:
Class
Class 1
Class 2

Class 3

Type of Products
General Electronic
Products
Dedicated Service
Electronic Products

Application
In those products where function of the
finished assembly is required
In those products where extended life
and continued performance are
required, and uninterrupted service is
expected
In those products where performanceon-demand or continued high
performance is very important;
equipment downtime is not permissible.
Example: life support or other critical
systems

High Performance or
Harsh Environment
Electronic Products

4.1.3 Following Specifications
The EMS technician should always follow the standard operating procedures to reduce
chances of errors. To maintain the quality of the products he/she should set the
temperature as well as time profile as required. Otherwise, higher or lower temperature
and the duration beyond limits will damage the product.
The temperature and time duration differ with the type and specification of the PCBs.
Hence, it is of utmost importance that the technician sets the right temperature and time
and the right reflow settings as specified for the production.
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Activity
Match the IPC standards with their descriptions.

Standards

Description

IPC-FA-251

Acceptability of Printed Boards

IPC-A-600

Specification for Printed Wiring, Flexible and Rigid-Flex

IPC-3406

Generic Standard on Printed Board Design

IPC-6013

Assembly Guidelines for Single and Double Sided
Flexible Printed Circuits

IPC-2221

Guidelines for Electrically Conductive Surface Mount
Adhesives
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UNIT 4.2: Soldering of Boards
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.
6.

Explain the process of soldering
List the precautions to be taken while soldering
Select the components required for soldering as per specifications
Explain wave soldering process
Identify the soldering defects
Define RoHS compliance

4.2.1 Soldering Process and Precautions
As an EMS technician, an individual should have the knowledge of soldering process.
A permanent connection is made between electronic components using soldering by
melting the soldering metal and filling it into the joint. 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. 4.2.1: 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

Solder

Used for combining the
metal alloy with the pitchlike organic compound
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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

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

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. 4.2.2: Steps for soldering
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Keep the soldering tip on
the connection to ensure
that the solder material
flows into and around well
heated connections
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Technician 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. 4.2.3: Key points to be considered while soldering

Precautions
The following figure lists the precautions that are to be kept in mind while soldering:
Be careful when operating
a soldering iron 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
keep your head 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. 4.2.4: Precautions to be considered while soldering
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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.4.2.5: Common issues while soldering

4.2.2 Selection of Soldering Components
For a perfect soldering, all the required components need to be selected properly.
Selection of Tip
Choosing the right tip geometry for a soldering iron is very crucial for the soldering. The tip
must appropriately fit the joint. An appropriate fit maximizes the power delivery, increases
the tip life and results in higher efficiency.
There are several types of tips. The following images shows from left to right, the bevel tip,
two conical tips with varying widths, and the chisel tip:

Fig.4.2.6: Types of tips
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The EMS technician needs to keep the following points in mind:
1. Using a small tip takes longer time to solder. It will damage the tip and power will not
efficiently be passed to the load. A small tip appears to be too cold or too slow.
2. A large tip damages the PCB. The tip may be damaged and using this could also cause a
hole in the tip.
3. A shorter and bulky tip delivers more power.
4. Short and blunt tips are used for the heavy loads only. They are not suitable for the fine
pitch rework.
5. Long and fine tips are most suitable for the applications which are hard to reach and also
for fine terminals with 20 mil QFP.
6. Long and fine tips can’t deliver power efficiently, as the solder joint is farther from the
heater. Hence, these tips considerably slow the heat transfer.
The following diagram shows the size of soldering tips:

Fig.4.2.7: Size of soldering tip

A simple process is involved in changing the tip. It involves either unscrewing the wand or
simply pushing the tip in and pulling it out. The following image shows the parts of a soldering
iron:

Fig.4.2.8: Parts of a soldering iron

Solder Selection
Solder refers to the alloy which is available as a long, thin wire in spools or tubes. The following
images show solder wire as a spool and in a tube:

Fig.4.2.8: Solder wire sold as a spool (left) and in a tube (right)
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The solder wire comes in leaded and lead-free varieties. Generally, there are two types of
solder:
• Tin-Leaded Solder
• Lead Free Solder
Wand Selection
The wand holds the tip in the soldering iron. Wands are generally made of different insulating
materials (for example, rubber). The insulation helps to prevent the heat from the tip from
getting transferred to the outside wall of the wand. The wand houses wires and metal
contacts which transfer the heat from base or the outlet to the iron tip. Hence, a high-quality
wand much appreciated. Some wands allow interchangeability of tips and some soldering
irons comprise of just a wand which plugs into a power outlet. The following images show
different types of wand:

Fig.4.2.9: Types of wands

Stand (Cradle)
The iron stand, also known as a cradle, houses the iron when it is idle. The stand can be as
simple as a metal stand. It can also be complex, providing an auto-shutoff feature which
reduces the tip’s temperature when the soldering iron is placed in the cradle. Some cradles
also offer a regular sponge while others provide a brass sponge. The following image shows
different types of cradles:

Fig.4.2.10: Types of cradles

Base Selection
The base of the soldering iron allows adjusting of temperatures. There are analog bases, with
dial controlling the temperature. The digital bases offer buttons for setting the temperature
and displays the current temperature. Some bases offer extra features such as heat profiles
allowing the operator to change the amount of heat to the tip. The following figure lists the
types of base:
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A digital base with control
buttons and a digital display

An analog base that uses a dial to
control the temperature

Fig.4.2.11: Types of bases

Selection of Flux
Flux is an acidic material designed to clean the oxides from solder joints and help in
transferring heat to the joint. Flux can be available in solder core wire or it is added in liquid
or paste form to the solder joint. Flux is very important for controlling the soldering process.
The technician should understand the function of flux, how it differs and performs, how it
affects the PCB quality and the solder tip life. The following figure lists the different types of
flux:
Clean (RMA)
A traditional type of
flux, RMA has more
acidic content.

No-Clean
The most common in
today's marketplace.
There is less flux per
volume in wire core
solder. No-Clean flux
has weaker acid than
RMA.

OA (Aqueous)
The acid in OA flux is
inorganic and more
active than the acid
found in RMA flux.

Fig.4.2.12: Types of flux

The following diagram shows the difference between clean and non-clean flux:

Fig.4.2.13: Difference between clean and non-clean flux

The type of flux and the amount is very crucial for soldering. The flux may affect the joints and
PCBs as follows:
• Flux affects the solder joint quality:
o
o

Clean flux (RMA) is more acidic and leaves heavy residue to be cleaned off the PCB.
No-Clean flux leaves less residue. Cleaning the PCB is not necessary after light touchup with no-clean flux. For using no-clean flux, tip temperature should be lower.

70

EMS Technician

•

Flux affects the solder tip life greatly:
o

•

RMA flux is better for the solder tip. Due to its gummy consistency, the RMA flux stays
longer on the tip. RMA core solder wire covers the tip while soldering and thus
protects it from oxidation.
o No-Clean flux is worse for the solder tip as it burns off right away. Therefore, the tip
oxidises faster.
If liquid or paste flux is added to the joint, it means that there is deficiency of flux in the
wire core solder. The flux available in the wire core solder is adequate for general
through-hole soldering. More flux makes soldering easier. But:
o Too much flux contaminates the board.
o Too much flux attacks the tip faster. As flux activates, it attacks the oxides on the tip
and the iron plating.

4.2.3 Wave Soldering
One of the most important types of soldering is wave soldering. Wave soldering is very
good, low-cost solution for boards with mostly PTH components.
Three types of machines are used in the production of circuit board assemblies: reflow
soldering, wave soldering, and cleaning. These machines are used in the attachment of
components to the circuit board and the subsequent, post soldering removal of process
chemicals and residues. A wide variety of machines are available to accommodate low to
high production volumes and different process requirements.
Wave soldering is the most economical means of mass soldering leaded components into
holes in a circuit board. The board is transported over a flux station, preheated and finally
passed over a “wave of solder”. Molten solder is pumped through one or more nozzles
forming the wave. Solder joints are formed in pads or PTH on the board and the leads of the
components.
Most wave soldering systems for the PCBs contain two waves:
o The first, turbulent wave, is used for scrubbing the wettable surfaces, removing
oxidation and soldering all solderable areas.
o The second, finishing wave, is a smooth wave for removing the bridging and icicles.
These waves are perpendicular to the board.
The PCBs travel at an angle to get rid of bridging while the boards are coming out of the
finishing wave. The angle of the board travel does not have to be very drastic; the range is
usually from 3 to 6 degrees.
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The following figure lists the steps of wave soldering:

Switch ON the machine
and set wave soldering
profile per assembly
requirements.

Log the Set profile in
the Log Book.

Verify the solder bath
temperature with the
help of digital
thermometer.

Load one pilot board &
start the wave soldering
cycle.

Put one dummy board
for machine trail and
set the PCB carrier per
board size.

Check the specific
gravity of the solder flux
and tune up the mixture
if it is required.

Check the board for
proper soldering and
pass the board to the
quality inspection table
for mass production
approval.

After approval start
mass production and
record total day
production.

Fig.4.2.14: Steps of wave soldering

4.2.4 Soldering Defects
The following list explains the different types of defects that can occur during soldering:
•

Pin Holes and Blow Holes: During wave soldering, pin and blow holes are formed due to
the thickness of copper plating. Moisture in the board escapes through either the thin
copper plating or the voids available in the plating. The following image shows pin hole
on a PCB:

Fig.4.2.14: Pin hole on a PCB
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•

This can be eliminated by improving the quality of the board with a minimum of 25um of
copper plating in the through hole. The gassing problems can sometimes be eliminated
using baking by drying out the board.
Bulbous Joint / Excess Fillet: It is common in nitrogen soldering. It is caused when the
board is separated from the solder wave. The following image shows bulbous joint on a
PCB:

Fig.4.2.15: Bulbous joint on a PCB

•

Cracked Joint: The joint fails because of expansion and contraction of the lead in the
joint. Due to poor handling during assembly, single-sided joints can fail. In this case the
joint’s surface shows stress lines produced during repeated movement. The following
image shows cracked joints on a PCB:

Fig.4.2.16: Cracked joints

•

Lifted Component: Lifted components can take place during the wave soldering process
for several reasons. The part may be lifted due to the thermal requirement on the leads.
Generally, the components lift as a result of incorrect lead length that causes the leads to
hit the solder bath and lift it during the entry to the wave. Light components are lifted by
the turbulent wave. Components with different lead solderability and different thermal
requirements can also cause the lifting seen during wave contact.
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The following image shows lifted components on a PCB:

Fig.4.2.17: Lifted components on a PCB

•

Flux Residues: Flux residues visible on the board are caused due to the reduction in the
use of cleaning. The residues are either a result of the formulation of the flux or due to
poor process conditions. The following image shows flux residues on a PCB:

Fig.4.2.18: Flux residues on a PCB

•

Incomplete Joints: The incomplete solder fillet can be seen after wave soldering on the
single-sided boards. Incomplete solder fillets are due to excessive wave temperature,
poor hole-to-lead ratio, steep conveyor angles and contamination on the edges of the
pads. The following image shows incomplete joint on a PCB:

Fig.4.2.19: Incomplete joint

•

Inconsistent or Poor Hole Fill: This is due either to the pre-heat temperature being set
too low or poor flux is applied. In both cases, to eliminate such problem, the process
parameters should be checked. When a company replaces a foam fluxer to a spray flux
unit, this problem is common. It is caused due to poor penetration of the flux into the
through hole.
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The following image shows poor hole fill on a PCB:

Fig.4.2.20: Poor hole fill on a PCB

•

Joint Contamination: It takes place if the temperature causes softening of the coating on
the resistor network and the board surface gets contaminated. The following image
shows joint contamination on a PCB:

Fig.4.2.21: Joint contamination on a PCB

The following figure lists some other defects in the soldered boards:

Pad contamination

Poor lead
solderability and
wetting

Poor penetration

Out-gassing

Solder flags or
spikes

Solder shorts

Sunken joints

Solder mask
discoloration

Fig.4.2.22: Defects in the soldered boards
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4.2.5 RoHS Compliance
When it comes to solder, one of the most essential things to be aware of, is the components
of solder. Traditionally, it was composed of tin (Sn), lead (Pb) and a few other trace metals.
This solder is referred to as leaded solder.
Lead is harmful to humans and can lead to lead poisoning when exposed to large amounts.
Unfortunately, lead is also a very useful metal for soldering as its melting point is low and it
has the ability to create good solder joints.
When the adverse effects of leaded soldering were widely known, it was decided to not use
the leaded solder anymore. The European Union, in 2006, adopted the Restriction of
Hazardous Substances Directive (RoHS). This directive restricts the use of leaded solder in
electronics and electrical equipment. In electronics manufacturing, the use of lead-free
solder has now become the norm.
Lead-free solder is similar to the leaded counterpart, with a difference that it does not
contain any lead. Instead of lead, it is made up of tin and other trace metals, such as copper
and silver. This solder is generally marked with ROHS symbol to let the potential buyers
know about the conformance with the standard.
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Activity
1. Write down the steps of soldering.

2. List three precautions to be considered while soldering.
________________________________________________
________________________________________________
________________________________________________
________________________________________________
3. How can formation of pin holes and blow holes be eliminated?
________________________________________________
________________________________________________
________________________________________________
________________________________________________
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/

5. Apply Solder Paste
Unit 5.1 – Standard Operations for Applying Solder
Paste
Unit 5.2 – Setting Up Printing Machine
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Key Learning Outcomes
At the end of this module, you will be able to:
1. List the standard operations for applying paste
2. Identify the correct stencil
3. Use Correct Screen and Design
4. Work with the PCB as per Standards
5. Inspect the PCBs using microscope
6. Perform cleaning of stencil and other components
7. Identify the importance of altering sheets in roller
8. Demonstrate cutting of apertures using a laser cut
9. Explain stencil printing process
10. List the printer operations in stencil printing
11. Set different parameters in printing machine
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UNIT 5.1: Standard Operations for Applying Solder Paste
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.
6.
7.
8.

List the standard operations for applying paste
Identify the correct stencil
Use Correct Screen and Design
Work with the PCB as per Standards
Inspect the PCBs using microscope
Perform cleaning of stencil and other components
Identify the importance of altering sheets in roller
Demonstrate cutting of apertures using a laser cut

Solder Paste
Solder paste is used to connect the leads of surface mount devices to attachment points in
the circuit patterns on a PCB. The paste is applied to the intended areas using a stencil to get
printed and it is followed by heating which fuses the connection by melting the paste. The
following images show solder paste:

Fig.5.1.1: Solder paste

The EMS technician needs to use the right stencil, screens and the design to print the
boards. The standard procedure before the printing starts, includes the following steps:
•
•
•
•
•
•

Identify the correct stencil and collect it from stores
Use the correct screens and design to print
Work with the PCB as per standards
Alter the sheet in the roller
Clean the stencil and other components regularly
Cut apertures using a laser cut
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5.1.1 Identification of Correct Stencil
For the assembly process to start, solder paste is added to the specified areas of the
unpopulated bare PCB. Solder paste goes only where a component is required to be in
electrically conductive contact with the metal pad on the PCB. Typically, it is achieved using a
stencil.
Stencil Printing is the process of depositing solder paste on PWBs to set up electrical
connections. It is the first and the most critical stage of the PCB manufacturing process.
Basically, solder stencils are of two types. They are as follows:
• Framed stencils: used for solder paste machinery
• Prototype stencils: used for application of solder paste manually
Three different metal stencil-manufacturing methods are used. They are listed as follows:
1. Etching
2. Electroforming
3. Laser cutting
The following image shows a stencil printer:

Fig.5.1.2: Stencil printer

The stencil, has a curved shape in the direction of printing. The solder paste is left in these
curved sections during printing. As the number of boards printed increases, this remaining
paste matter can cause the apertures to clog. This can cause thin areas and the solder paste
may work its way around to the stencil’s back side (the side that contacts the printed wiring
board) during print and cause bleeding and smearing.
To improve these problems, stencils with improved etching precision and stencils produced
by new methods are now being sold.
The EMS technician must be able to identify the correct stencil required for the assembly.
He/she must ensure that it is made from stainless steel, chromium, or cobalt nickel.

81

Participant Handbook

The following table lists the characteristics of different stencil manufacturing methods:
Method

Etching

Additive

Laser

Material

Stainless steel,
copper, phosphor
bronze

Nickel

Stainless steel

Laser + Special
Processing
Stainless steel

Cross
section
shape

Aperture
photographs

For solder printing of fine pitch patterns, either additive or laser methods should be used.
Stencil Thickness
The following table lists the recommended thickness for stencils:
Inch

Mm

0.008 – 0.010

0.20 – 0.25

0.006 – 0.008

0.15 – 0.20

0.004 – 0.006

0.10 – 0.15

5.1.2 Using Correct Screen and Design
Solder screen is used to apply the solder paste on the board. The solder screen is placed
directly on the board and is registered in the accurate position. A runner is moved across the
screen and a small amount of solder paste is squeezed through the holes in the screen as well
as on the board. As the solder screen is generated from the PCB files, it has holes on the
intended positions of the solder pads. In this way, the solder is deposited only on the solder
pads.
The technician must use the correct screen to paste solder on the boards. He/she should
follow the print design minutely so that the paste is applied on the boards correctly.
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5.1.3 Working with the PCB as per Standards
Board surfaces should be kept contamination free prior to soldering and after removal of
protective wrappings. In case a firm grip is required on board for any mechanical assembly,
gloves used in the process must meet EOS/ESD requirements. These requirements must be
noted, especially when no-clean methods are followed. Inspection care must be taken at all
the times to ensure product integrity.
Printed circuit boards absorb and release moisture at different rates. Heat, during the
soldering, causes an increase in moisture. It can damage the materials’ ability to perform as
expected. This damage such as a crack, popcorning, internal delamination, may not be
visible and can occur during soldering and rework operations.
If the level of moisture is unknown, to prevent laminate issues, the PCBs needs to be baked
to reduce internal moisture content. Handling of moisture or process sensitive components
(as classified by IPC/JEDEC J-STD-020, ECA/IPC/JEDEC J-STD-075 or equivalent documented
procedure) must comply with IPC/JEDEC J-STD-033 or an equivalent documented procedure.
Moisture control, and handling and packing of PCBs are mentioned in IPC-1601. The PCBs
must be cleaned and inspected visually to check there is no dust.
Cleaning of Printed Circuit Board
Printed circuit boards are very small and delicate, so it is very important to carefully remove
any dirt or sediment as extensive handling can cause their damage.
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The following figure lists the techniques for cleaning the PCB:
Canned Air
•Canned air is highly compressed which can pinpoint dust particulates without
disturbing the circuit board.
•Connections get dislodged if one uses a dust rag or harsh cleaning agent.
•Rough cleaning of circuit board can break connections and even lead to need of
replacement.
Solvents
•Simple dusting is not sufficient to remove dust particles on PCB.
•Solvents are used to remove deposits like corrosion, rust, solids that are formed
on the surface and other issues which can damage the functioning of PCB.
•It is important to choose a product that has vapor rinse while selecting solvent
which helps in removing all residue left after soldering.
•Submersion of PCB in proper solvent is one way of removing residue. Water
based submersions work best for soldering residue.
•Air based cleaning may also be sufficient to remove these harmful residues.
Solvent helps for tougher residues.
Ultrasonic Cleaning
•Ultrasonic cleaning helps in removing residue without getting much in contact
with PCB.
•It is better if there is less touch as extensive handling can cause damage without
actually cleaning the PCB.
•As circuit boards are small and delicate, precision is important to remove dust or
other sediment.
•This technique ensures a clean and well-functioning PCB.
Fig.5.1.3: Techniques for cleaning the PCB

The most common method for the board cleaning is tacky roller systems. The PCB is conveyed
under a roller with a tacky surface that lifts the foreign material from the board. But, if the
roller is not monitored, the foreign material can be reapplied to subsequent boards or the
roller material itself may stick to the board.
There is a new solution where the PCB is passed in the blow-off chamber between air knives
while turning over the air and then to a clean room-rated vacuum cleaner. The air knives are
equipped with ionizer bars which eliminate the build-up of static electricity.
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The following figure lists some points to be taken care of while cleaning PCBs:

Avoid using regular vacuums

Use liquid detergents and water with extreme caution

Use heat to dry "washed boards" only in controlled amounts

Let only those persons who know what they are doing clean
PCBs
Read up on the dos and don’ts of PCB cleaning before
attempting it.

Don’t be afraid to clean up sticky grime, paint, solder flux, etc.

Corrosion (especially from battery acid) should always be
cleaned up

Take proper ESD precautions

Avail yourself of the latest products and services

Don’t forget to remove any components (even if it involves desoldering something) that may hamper the cleaning process.

Fig.5.1.4: Some points to be taken care of while cleaning PCBs
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5.1.4 Inspection of PCBs using Microscopes
The PCBs must be cleaned and inspected using microscope to ensure that there is no dust.
The following image shows a technician inspecting the PCB using microscope:

Fig.5.1.5: A technician inspecting the PCB using microscope

The following figure lists some features digital microscope:

Rapid, easy tilting and rotation to view the sample
from different perspectives

Integrated illumination for versatile contrast

High dynamic range (HDR) imaging

Large mosaic overview of the sample

Fig.5.1.6: Some features digital microscope

It is essential to identify PCB shorts, PCB voids, opens, misalignments and solder integrity of
area-array chip packages. There are three major processes of SMT circuit assembly
• Solder paste inspection
• Component placement
• Post re-flow inspection
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As size of components is getting smaller, more and more components can be placed on PCB,
use of microscope is becoming essential. During PCB manufacturing, it is necessary to
inspect and measure the connections and vias during and after production. Microscopes are
used in inspections of PCBs to improve the quality and increase output.
Microscopic inspection provides different perspectives to PCB components such as
capacitors, transistors, diodes, amplifiers, voltage regulators, assemblies and so on. The
following image shows a PCB under digital microscope:

Fig.5.1.7: PCB under digital microscope

5.1.5 Cleaning Stencil and Other Components
The components and the PCB should be properly cleaned to avoid contamination.
Cleaning of Stencil
Stencil cleaning is a low technology part of the printing process but is nevertheless vital.
Cleaning is required when the stencil is removed from the printer, and it is important to
remove all accumulations of solder paste from the apertures and the stencil surfaces before
the deposits harden. The underside of the stencil gradually acquires solder paste through:
o Stencil bleeding
o Misalignment
o Poor release
The underside of the stencil should therefore be cleaned periodically. This is particularly
important for fine pitch applications, because a small degree of contamination of the board
by solder paste degrades the print through smearing.
Cleaning may be by hand, or automatic. Programmable in process stencil cleaning may be
built in to an automated stencil printer, while separate automatic spray cleaning tanks may
be used for stencils after a print run.
Stencils and screens should be cleaned of unused solder paste using water heated to
approximately 60°C in conjunction with a pressure spray.

87

Participant Handbook

The following figure lists some points about the stencil cleaning process:
It is recommended that a final rinse be performed using de-ionized water, followed by an
iso-propanol rinse.
This same procedure should also be followed for any hand tools and the squeegee used to
apply the solder paste.
At no time should the stencil, screen or tools which have come in contact with unreflowed solder paste be cleaned in equipment used to clean printed circuit boards of
reflowed solder paste residues.
Fig.5.1.8: Some points about the stencil cleaning process

5.1.6 Altering Sheets in Roller
The technician should alter the sheet in the roller for every 10 boards. It is to avoid any
malfunctioning of the roller or any dump of foreign material to be pasted on the board. To
keep the sheets clean, they should be changed after a specific quantity of boards
undergone.

5.1.7 Cut Apertures Using a Laser Cut
During reflow soldering, the thickness of the stencil along with the size of the aperture
determines the solder paste amount to form each solder joint. The following figure lists the
thickness and aperture for stencils:
Thickness

The thickness of the metal stencil is typically 150 microns (6mils) but
100(4mils), 125(5mils) and 200(8mils) microns are also available.
The thickness is chosen based on the job in hand. For very fine pitch such as
0.3 mm lead pitch, 100 or 125-micron stencils could be used and for lead
pitch down to 0.5 mm, 150-micron stencils can be used.

Aperture

The minimum stencil aperture width must be at least 3 times (preferable 5
times) the diameter of the largest solder particle and the stencil aperture
width is larger than the stencil thickness.
Rounded aperture corners reduce clogging of fine pitch apertures and
smearing. The top surface of the metal stencil is slightly roughened to achieve
a perfect solder paste roll during printing.

Fig.5.1.9: Thickness and aperture for stencils

In both laser-cut and electroformed stencils, the apertures are of very sharp edges and slightly
conic. This makes it possible to easily slip the solder paste from the aperture edges and
thereby, a uniform print is secured. Metal stencils are attached to printing frame either by

88

EMS Technician

using a tensioned mesh or by using a special frame with gripping systems. It can damage the
stencils easily and thereby can result in poor printing quality.
The solder mask aperture should be as large as possible, between 2 to 3 times the diameter
of the copper. All the fiducials on a board should be of the same size.
Fiducials should be placed as components from a library, not as free pads, so that they appear
as components with coordinates in the pick and place centroid data file.
There should be no traces or surface mount component bodies within the solder mask
aperture which may confuse the vision system, but it is okay to place through-hole
components on top of fiducials.
Laser Cut Process
In laser-cut process, the aperture is cut out by:
• moving only the laser head
• moving only the table that is holding the stencil
• a combination of each
The laser beam goes inside the aperture boundary. Then, it moves to the perimeter and cuts
the aperture (one at a time) completely out of the metal. The following image shows a laser
beam on a metal:

Fig.5.1.10: A laser beam on a metal

The smoothness of the aperture cut depends on parameters such as ,cut speed, laser power,
beam focus and beam spot size. The laser can cut aperture sizes very accurately, meeting a
wide range of size and shape requirements. At a given area ratio, an electropolished lasercut stencil releases a higher percentage of paste than a non-electropolished stencil can
release, as the former has smoother aperture walls inside than that of the latter. The
following image shows electropolished and non-electropolished laser-cut stencils:

89

Participant Handbook

Laser cut with non polished
surface wall

Laser cut with electropolish
wall

Fig.5.1.11: Non-electropolished and electropolished laser-cut stencils

Activity
1. Write down the differences between the electropolished and non-electropolished laser cut
stencils.
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
____________________________________

2. Write down the key points about cleaning of the stencil.
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________
3. Why correct screen is important in stencil printing?
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
____________________________________
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UNIT 5.2: Setting up Printing Machine
Unit Objectives
At the end of this unit, you will be able to:
1. Explain stencil printing process
2. List the printer operations in stencil printing
3. Set different parameters in printing machine
The process of solder paste printing involves depositing a specific volume of paste or a brick
on the correct location on a substrate. It is required to fill the stencil aperture with solder
paste using a squeegee blade. The aperture’s orientation with respect to the squeegee
blade and its speed have influence on the filling process. The following diagrams show the
process of stencil printing:

Fig.5.2.1: Stencil printing process
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5.2.1 Printer Operations in Stencil Printing
In the stencil printing process, a printer must be able to carry out several operations to
complete the print cycle. The following figure lists the operations:
Transport and mounting
Alignment
Printing
Inspection of solder paste deposits
Cleaning of the underside of the stencil
Fig.5.2.2: Printer operation

The complete operation cycle time is important in determining the throughput and capacity
of a surface mount line. To avoid inspection adding to the cycle time, it is often carried out
as an offline operation or using a separate work station.
There are many variations in the way mounting, alignment and cleaning are implemented.
The following image shows a solder paste printer of model SJ Inno Tech HP-520S:

Fig.5.2.3: Solder paste printer of model SJ Inno Tech HP-520S

5.2.2 Setting up Printing Machine
The EMS technician needs to have knowledge of printer settings and components for
different components, PCBs and solder paste.
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The following figure lists the process steps for the screen printing:
Load the PCB, and
apply soldering paste
over SMD pads on the
PCB.

Place the board in
alignment with stencil
cuts outs on the
pasting platform.

Set the
height/thickness of the
board in the machine.

Pass the board to the
visual inspection table
via conveyor.

Set the squeegee
pressure.

Mix the paste
homogeneously.

After approval start
mass production.

Fig.5.2.4: Process steps for the screen printing

The conditions and settings are listed as follows:
• Squeegee
Squeegees have an elastic blade made from rubber, in particular, polyurethane rubber is
widely used. The hardness of the rubber is an important condition; hardness in the range 60
to 90 degrees is appropriate.
There are three cross sectional shapes used for the tip of the polyurethane squeegees
described above: flat, angled, and acute.
More recently, metal squeegees that are resistant to wear and have superlative stability in
the amount of solder applied have become available commercially.
During printing, it is desirable to reduce the squeegee tip pressure and print at a low speed.
In this case, a phenomenon called rolling, in which the solder paste is rolled in, can be
observed.
•

Printing gap (separation between the PWB and the stencil)

If the printing gap is too small, bleeding can occur and if too large, problems such as variations
in the form of the printed solder and scattering of solder when separating the work may occur.
Therefore, an appropriate gap must be set.
In recent contract printing technology, this printing gap is set to 0. However, adoption of
contact printing requires the use of printing equipment that supports low printing pressures
and speed control when separating the screen from the work.
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•

Printing pressure

The actual printing pressure is generally around 5 to 10 g/cm2. However, this is the pressure
at the tip of the squeegee and can be influenced by the way the squeegee collapses under
this pressure. Care is therefore required when determining the printing pressure.
More recently, printing equipment that provides a floating squeegee structure to achieve
lower and more even printing pressures have become available commercially.
•

Squeegee speed

During printing, a squeegee speed in the range 5 to 50 mm/s is used. However, it is important
to slow the squeegee speed as much as possible so that the rolling of solder paste takes place.
•

Screen removal speed

The shear elastic force that occurs between the solder paste and the stencil after printing at
screen separation can be suppressed by controlling the speed of screen removal, and the
solder paste's ease of screen removal characteristics can be improved. The following figure
shows shear elastic force between stencil and solder paste:

Fig.5.2.5: Shear elastic force between stencil and solder paste

•

Temperature and Humidity

The screen printing of solder paste should be performed between a temperature of 20° to
26° C. The relative humidity of the application area should be kept between 35% to 65%.
Solder paste not applied to PCBs should not be returned to the container from which it was
taken.
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Parameters Used in Printing Machine
There are two supply methods for solder paste: dispenser supply and printing. Usually,
printing is selected for its mass production efficiency. An EMS technician should know the
parameters of printing and set them accordingly. The following figure lists the printing
parameters:
Printing
precision

Printing equipment with image recognition functions is used for solder
printing for fine pitch devices (e.g. 0.5 mm and finer pitch QFP and 0.8
mm and finer pitch BGA packages).
The printing precision of current printing equipment with image
recognition functions is ±0.025 to ±0.05 mm.

Printed form (of
the solder)

Factors that can influence the printed form include the type of the
stencil, the surface shape and surface processing on the mounting pads
of printed wiring board, the printer settings and conditions, and the
solder paste used.

Fig.5.2.6: Printing parameters
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Activity
1. List the conditions and the parameters to be set for the printing machine before the
printing starts.
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
____________________________________

2. Write down steps for the screen printing process.
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/

6. Load Stencil, Boards
and Program Printing
Machine to Apply Solder
Paste
Unit 6.1 – SOPs before Printing
Unit 6.2 – SOPs after Printing
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Key Learning Outcomes
At the end of this module, you will be able to:
1. List the tasks to be accomplished before the printing starts
2. List the do’s and don’ts for applying paste
3. Demonstrate attaching stencils and securing of boards
4. Check printing settings and parameters
5. List the tasks after the pasting and printing operations
6. Inspect print quality and paste measurement
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UNIT 6.1: SOPs before Printing
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.

List the tasks to be accomplished before the printing starts
Identify how to load program
List the do’s and don’ts for applying paste
Demonstrate attaching stencils and securing of boards
Check printing settings and parameters

Before the printing machine is set up according to the required parameters and
specifications, the EMS technician must ensure that the boards are secured to the machine
and the specified program is loaded. The following figure lists the tasks to be accomplished
before the printing starts:
Load specified programs on the machine’s computer

Apply paste using automated application process

Attach the stencil and board to printing machine

Secure the PCBs

Verify printer settings

Fig.6.1.1: Tasks to be accomplished before the printing starts

6.1.1 Load Programs
After the schematic for the circuit is designed, the schematic design gets translated into
Gerber format through an electronic design automation (EDA) software package such as
KiCAD, Altium Designer, Eagle, Allegro or ExpressPCB. This PCB design software contains list
of components used to build the circuit. Design is exported into Gerber format which serves
as a set of instructions that are followed in the production of printed circuit boards.
Some machines use a touch screen interface for accomplishing simple system operations. The
programming for the machine can be achieved by entering the location of the holes or by
loading the offline programming.
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The operator interface allows simple programming and automatic setup through a
touchscreen interface.
Some system makes the program by itself, and also the operator can easily output, input, edit
and save the data with computer.
The technician needs to load the specified program file on to the machine so that the printing
is done as per the design.

6.1.2 Applying Paste
The technician needs to apply paste on the board using automated application process. It
needs to be ensured that as precision fixture, an optimized program overlay is used. Solder
paste is used for connecting the leads of surface mount devices to attachment points in circuit
patterns designed on a PCB. The paste is applied using a stencil to the intended lands to
"print" the paste on the board. The paste is then melted by heating, leading to fusing the
connection.
Consistency and uniformity are very important for any successful solder paste material. To
ensure that a predicable paste printing operation produces a specific pattern definition, these
qualities are required. The basic requirement for a solder paste is a stable and homogeneous
mixture of atomized metal alloy in combination with a binder, flux and solvent system that
removes the possibility of later separation of the respective materials.
The following figure lists the do’s and don’ts for applying solder paste:

Do’s

Don'ts

Always keep solder paste in cool and dry
place(below 10°c).

Don’t touch paste with bare hand.

Always use glove & goggle.

Don’t inhale the vapors coming from
solder paste.
Don’t overheat the solder paste as it
produces metal fumes that leads to
metal poisoning.

Fig.6.1.2: Do’s and don’ts for applying solder paste

6.1.3 Attaching Stencils and Securing Boards
The printing process starts with loading board into the printer. The internal vision system
helps in aligning stencil to the board. After the stencil is aligned to the board, solder paste is
squeegeed over the openings.
Amount of paste on board, will be determined by the thickness and size of the openings,
once the stencil is removed. The right amount is important for effective electrical
connections. Hence, the right stencil must be attached to the system properly.
Framed and Prototype Stencils
Solder paste stencils are used to apply the solder paste easily and accurately. Stencils are
used for saving time and ensuring consistency as compared to manual application, especially
when PCBs are handled in bulk. The two types of stencils are as follows:
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Framed stencil: Framed stencils are equipped with a specific style of mounting hardware
(the frame) to get it attached to the screen printing machine. The following image shows
framed stencil:

Fig.6.1.3: Framed stencil

The following figure lists two types of framed stencil:

Fixed frame stencil

•These range in size from 15″x15″ up to 23″x23″ and use
either a solid (extruded) or hollow aluminium frame to hold
the stencil.
•The stencil is permanently attached to the frame.

Universal frame
stencil

•These stencils allow changes to be made to the stencil as
needed.
•This helps in manging overall costs because only a frameless
stencil needs to be purchased while reordering, without the
need of complete stencil replacement.

Fig.6.1.4: Types of framed stencil

1. Prototype Stencils: Prototype stencils are not mounted to a frame. To stiffen the stencil
and to provide handles for the user, a right angle is formed by bending three edges of
the stencil. This creates a sink for the paste. The following figure lists the steps to use
the prototype stencil:

Place the PCB and L-shaped board
fixtures and tape down the fixtures
to prevent movement.

Align stencil over SMT pads and
tape the flat edge to L-shaped
bracket.
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Apply solder paste along an edge of
prototype stencil.

Deposit paste using squeegee over
the apertures to deposit paste.

Fig.6.1.5: Steps to use prototype stencil

Secure Boards
The printing operation must be controlled carefully as misalignment can result in several
defects. The board should be secured properly in beginning of the process. A snugger and
several vacuum holders secure the X and Y axes of the PCB. Vacuum holders should be used
carefully as misalignment can affect pin-in-paste printing process.
It is important that the PCB is held flat against stencil during the printing process. The
squeegee angle is usually between 45-60 degrees. If the PCB is not completely supported, it
may cause printing defects such as improper paste deposit and smudging. Generally, PCB
supports are supplied with the printing machines. These supports are placed at a fixed
height and contain programmable positions ensuring a consistent process. There are
also adaptable PCB supports available in different designs that adjust themselves according
to the PCB. They are useful for the double-sided PCB assemblies.
The following image shows an adaptable PCB support in use:

Fig.6.1.6: Adaptable PCB support in use

6.1.4 Verifying Printing Settings and Parameters
The technician should verify the printer settings for high-quality solder paste printing. The
critical parameters are as follow:
1. Print speed: Printing speed for solder paste should usually be in the range of 20 to 80
mm per seconds. This is an important factor and can compromise the printing quality.
A printing operation has an approximate speed of 15 to 45 seconds per board. Speed of
the print head is generally 1 to 8 inches per second.
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2. Print/squeegee pressure: While printing, squeegee pressure is used to scrape the
stencil clean of solder paste particles. It should be as low as possible. The type of stencil
and the printing speed determine the amount of pressure.
The following table lists some parameters for setting the squeegee:
Squeegee length

Angle

Blade thickness

Used for

14 inches

60°

0.2mm

>14inchs

24 inches

60°

0.2mm

10-24inchs

3. Separation speed: It is important to separate the stencil from the PCB immediately after
the printing operation. While printing a fine pitch, very fast separation speed will result
in clogging of the stencil apertures. It also results in tailing and formation of high of
edges around paste deposits.
4. Distance: The gap between the stencil underside and the PCB placed in print position is
called snap off. In this position, the squeeze does not touch the stencil. A high snap off
results in a thicker solder paste layer.
• The snap off needs to be zero in metal stencil printing, also called contact printing.
• The snap off needs to be in between 0.5 and 3.0 mm in mesh screen-printing.
The following diagram shows the position and settings at the starting of the solder paste
printing:

Fig.6.1.7: Position and settings at the starting of the solder paste printing

5. Printer alignment:
The stencil, boards and the squeegee need to be aligned properly to get a fine printing. The
technician needs to take care of the printer alignment.
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Activity
1. Fill in the blanks to classify the stencils.
Stencil

2. Write down the standard speed for the following parameters.
• Printing speed for the solder paste: _____________
• Print head speed: _____________
• Printing speed per board: _____________
3. List the do’s and don’ts for applying the solder paste on the board.
Do’s

Don'ts
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UNIT 6.2: SOPs after Printing
Unit Objectives
At the end of this unit, you will be able to:
1. List the tasks after the pasting and printing operations
2. Inspect print quality and paste measurement
3. Explain the process of Z-check solder paste inspection

After the paste is applied, the technician is required to check that the paste is applied on the
board at the intended places. He/she should clean the PCB and polish the boards and ensure
that the paste release is even to provide a finish as per standards. The following figure lists
the tasks after the pasting and printing operations:
Inspect the components

Inspect the paste

Deliver PCBs

Fig.6.2.1: Tasks after the pasting and printing operations

6.2.1 Inspection of Components
The technician should inspect the components placed the board after the board is cleaned.
He/she must ensure that there is no leakage through the stencil holes to areas other than
intended.

6.2.2 Inspection of Paste
In order to verify the printing process accurately, the technician needs to check solder paste
deposits. He/she must ensure that all parts are printed evenly and the paste is within expiry
date. The following figure lists some points about the expiry of the solder paste:
Solder paste which is being used for more than 8 hours should be disposed of.
Solder paste in use for up to 4 hrs, can be stored in a sealed container at room
temperature for up to 24 hours before being re-used.
The solid paste should be refrigerated while being stored.
Before use, the solder paste must be brought to room temperature for a minimum of 8
hours and should be mixed to ensure even distribution.
Fig.6.2.2: Some points about the expiry of the solder paste
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The following figure lists the types of inspection available:

2D Inspection: Checks the area of the paste deposit

3D Inspection: Checks the volume of the paste deposit

Fig.6.2.3: Types of inspection available

Print Quality
Visual assessment of paste deposits offers a quick and helpful guide to check that the process
is under control. Best results are obtained with relatively low magnification using a magnifier.
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The following image shows some possible solder paste print inspection results:

Fig.6.2.4: Possible solder paste print inspection results

The slumped print usually occurs in a process run at temperatures higher than the
recommend level. The scavenged print takes place if squeegee pressure is too high and
scooping occurs. Bridging can be caused due to improper board support or poor stencil
condition and cleanliness. Peaking is usually observed if the separation speed of the stencil
is too high.
Paste Measurement
The measurement of the paste deposit is crucial to quality control. The technician needs to
check:
•

Whether the whole of the intended pattern has been printed

•

The volume of the paste deposit, for which the paste height is a convenient proxy
measurement

The methods of evaluating a print vary between fully automated inspection, both for
coverage and paste height, and occasional operator visual checks. There is a trend towards
building in automatic checks when the print cycle ends. There are variations in practice
between different manufacturers and users, depending to some extent on the required cycle
time and the sophistication and speed of the optical arrangements.
Optical inspection for coverage relies on a visual difference between a pasted and bare pad.
This is easy when printing onto a nickel gold finish, but very much more difficult when printing
onto solder surfaces.
The so-called Z-Check for paste height is carried out easily with a light section microscope.
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The following figure lists the process of Z-check solder paste inspection:
Turn on the machine.

Check whether the assembly program is existing or not. If yes, open the file.
If it is a new assembl,y create a new program.

Carefully place the board on the table.
The PCB should be ideally placed so that the pad is positioned at the top of the machine screen.

Select five pads per board and measure the board for validation of paste height.

If it is not under limit, inform the machine operator to change the machine parameter.

After changing the parameter, revalidate the board.
If it is under limit, it is acceptable & ready for production.

Check paste height for every first and last board of running assembly.
Upper limit should be 2mil and lower limit
should be zero from the stencil thickness.

Standard paste height is 5mil.

Fig.6.2.5: Process of Z-check solder paste inspection

6.2.3 Delivering PCBs
The technician should inspect the components, inspect the paste quality and print quality.
After inspection, if the boards are rightly printed, the PCBs are delivered for the later stages
of manufacturing. The PCBs need to be delivered for mounting within five hours or less after
stencil printing.
After the production, the technician needs to unload the stencil, remove the squeegee,
clean them using IPA solution and place the stencil back to its appropriate place in stencil
rack and place squeegee back to appropriate place.
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Activity
1. Write down the functions of the following inspection.
2D Inspection

3D Inspection

2. Fill in the blanks.
• Solder paste which is being used for more than _____________ should be disposed of.
• Solder paste in use for up to _________, can be stored in a sealed container at room
temperature for up to _____________ before being re-used.
• Before use, the solder paste must be brought to room temperature for a minimum of
______________ to maintain quality.
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7. Undertake Preventive
Maintenance of the
Machine
Unit 7.1 – Preventive Maintenance of the Machine
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Key Learning Outcomes
At the end of this module, you will be able to:
1. List the tasks to be accomplished for preventive maintenance
2. Identify the maintenance schedule
3. Explain maintenance checklist for a technician
4. List the work standards to be followed

111

Participant Handbook

UNIT 7.1: Preventive Maintenance of the Machine
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.

List the tasks to be accomplished for preventive maintenance
Identify the maintenance schedule
Explain maintenance checklist for a technician
List the work standards to be followed

The solder printing machine and the inspection machines need maintenance so that repeated
errors and machine malfunctioning and breakdown can be prevented.
The following figure lists the tasks to be accomplished for preventive maintenance:
The machine should be handled carefully and collision should be avoided.
Machine calibration should be done once in a year.
Regular cleaning of the machine and its components needs to be performed.
A checklist for preventive maintenance schedules should be maintained.
Work standards defined by the organization should be followed.
Fig.7.1.1: Tasks to be accomplished for preventive maintenance

The following figure lists some good practices for handling electronic assemblies and
machines:
Keep workstations clean and neat. Do not eat, drink, or use of tobacco products in the work area.

Change gloves frequently to prevent contamination from dirty gloves.

Do not handle solderable surfaces with bare hands or fingers.
Do not use hand creams or lotions containing silicone since they can cause solderability and
conformal coating adhesion problems.
Never stack electronic assemblies or physical damage may occur. Special racks may be provided in
assembly areas for temporary storage.
Always assume the items are ESDS even if they are not marked. Never transport ESDS devices unless
proper packaging is applied. Follow appropriate ESD practices and procedures.
Fig.7.1.2: Best practices for handling electronic assemblies and machines
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7.1.1 Maintenance Schedule
The following figure lists the types of maintenance:

Annually

Monthly

Weekly

Daily

Fig.7.1.3: Types of maintenance

The following table shows a maintenance checklist for a technician for all types:
Maintenance type

Task

Remove the left-over paste and other
debris from machine.
Clean the monitor screen and the top
cover.
Daily

Check or replace stencil cleaner paper.
Check or replace solvent.
Check the automatic paste dispenser, if
installed. Replace it if required.
Complete all the daily action items.
Visually check the conveyor belts as
well as the board foil clamps.
Clean the edges (both top and bottom)
of board supports.

Weekly

Clean the camera prism lenses.
Clean individual board supports.
Check the squeegee condition.
Check solvent tank for leaks.
Check wiper blade and solvent tube for
paste deposits.
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Check the squeegee blade contact with
the stencil.
Perform weekly maintenance tasks.
Wipe print carriage bearings using oil.
Monthly

Wipe camera guide rails and the stencil
cleaner with oil.
Wipe print carriage bearings with oil.
Inspect stencil wiper, solvent tubes,
hoses and solvent bar.
Re-grease the camera rack.
Re-grease printhead carriage bearings.
Re-grease the stencil cleaner bearings.

Annually

Re-grease the table rising bearings.
Re-grease the camera carriage.
Check conveyor belts.
Check squeegee drive belts.
Check squeegee bearing movement.
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7.1.2 Following Work Standards
The following figure lists the work standards that a technician needs to follow to maintain the
equipment:
Setup the production equipment and supplies before executing the job orders.
Operate equipment safely and effectively for production processing.
Ensure that equipment is maintained in good and safe working condition.
Inspect equipment to identify any replacements, malfunctions and repairs.
Perform regular equipment maintenance to ensure production capacity and quality.
Provide assistance to junior operators in their assigned responsibilities.
Repair and clean the equipment when needed.
Work under the guidance of Supervisor to perform and complete the assigned duties
in timely manner.
Evaluate equipment performance and recommend improvements.
Operate trucks and other industrial vehicles to transfer the production equipment
between warehouse and working area.
Follow safety procedures and company policies for equipment operation.
Recommend process improvements to enhance operational efficiency and safety.
Contribute to waste management programs.
Identify and report unsafe operations to Supervisor immediately.
Maintain the work area clean, safe and organized.

Fig.7.1.4: Work standards to maintain the machine
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Activity
1. Create a daily and weekly maintenance checklist.
Maintenance type

Task

Daily

Weekly
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8. Operate Pick-and-Place
Machine for PCB
Assembly
Unit 8.1 – Identification of Components
Unit 8.2 – Pick and Place Machine Operations for
PCBA
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Explain surface mounted devices (SMD)
2. List the advantages and disadvantages to SMD
3. Identify the types of SMT components used in pick and place machine
4. List the resistors and capacitors used as SMDs
5. Identify the transistors, diodes and ICs
6. List the tasks during the pick and place machine operations
7. Identify different types of solder paste for different SMD packages
8. Demonstrate how to load program
9. Identify how to program the coordinates
10. Perform troubleshooting and optimization of pick and place machine
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UNIT 8.1: Identification of Components
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.

Explain surface mounted devices (SMD)
List the advantages and disadvantages to SMD
Identify the types of SMT components used in pick and place machine
List the resistors and capacitors used as SMDs
Identify the transistors, diodes and ICs

Surface mounted devices (SMD) are electronic components, active and passive, without
having any conventional connecting wires.
In THT, the components are placed on PCB’s components side, with the wires inserted
through holes and then soldered to copper pads on the solder side of the board.
In SMT, the SMD components are placed on solder side with their metal caps soldered to the
copper pads. Both layers of the PCB can be used as active areas. PCBs used for SMD have
thickness between 0.8 and 1.60 mm.
SMD Advantages
The following figure lists some advantages of SMDs:
PCB area is much smaller than that containing conventional through - holes components.
Since the both layers of the PCB could be used for assembling, the final PCB area for the same
circuits could be decreased by 50 %.
Automatic assembling is very easy resulting in low cost of the assembling.
Small size of components makes very high packing density possible. For the same circuits a
volume of a module assembled with SMD could be reduced to 30 % of the device assembled
with the conventional technique.
Very high resistance to mechanical shock and vibration.

Low storage and transport cost.
Fig. 8.1.1: Some advantages of SMDs
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SMD Limitations
The real purpose of the SMD applications is maximal packing density and reduction of
volume of the modules. The following figure lists some disadvantages of SMDs:
Use of ICs with a high amount of the pins (raster 0.5 to 1.27 mm, max. 148 pins)
makes routing of the traces between IC pins impossible.

Design of SMD layout is very complex.

High packing density brings thermal problems. Power dissipation of the power
components is transferred directly through a copper layer of the PCB.

Not all SMD components are labelled with a clear text. Moreover, very often
the components have no labels at all.

Repair is more complex and difficult than the conventional components.

Fig. 8.1.2: Some disadvantages of SMDs

8.1.1 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. 8.1.3: SMT component identification

The types of components which may be placed are restricted by the types of feeders that
may be interfaced to the placement system. The following lists some representative
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component types which are being automatically picked and placed by placement systems of
the latest design:

Chips

Chip-scale Package
(CSP)

Quad Flat Package
(QFP)

Ball Grid Array (BGA)

Metal Electrode
Leadless Face (MELF)

Small Outline
Integrated Circuit
(SOIC)

Plastic Leaded Chip
Carrier (PLCC)

Thin Small Outline
Packages (TSOP)

Flip Chip

Fig. 8.1.4: Types of SMT component used in pick and place machine

The SMT components can be categorized as shown in the following figure:
Passive SMDs

Transistors and
diodes

Integrated
circuits (ICs)

Fig. 8.1.5: Types of SMT components

8.1.2 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. 8.1.6: Standardized packages of SMD

SMD Resistors
SMD resistors are available in rectangular form as a chip or in cylinder form as a MELF. In
SMT, “zero W resistors” are used instead of jumpers. These are available in all standard
dimensions of SMD resistors and are coded with “000”.
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The popular resistors case forms are 1206 (w = 1.6 mm, L = 3.2 mm, h = 0.6 mm, Pmax =0.25
W) and 0805 (w = 1.25 mm, L = 2 mm, Pmax = 0.125 W).
The resistance values range between 1 W and 10 MW.
Chip resistors are manufactured using the thick film technique on a ceramic substrate. They
contain metallic areas on narrow ends of the chip, that allows soldering. These resistors can
be soldered using all the common soldering techniques such as reflow, wave and solder iron.
The following image shows resistors with different resistance:

Fig. 8.1.7: Resistors with different resistance

The following figure shows how resistance is calculated from the resistor code:
A = 1st digit of the resistor’s value

4

7

3

B = 2nd digit of the resistor’s value
C = number of zeros

A

C

B

Fig. 8.1.8: Resistance calculation from the resistor code

Ceramic Multilayer Chip Capacitors
These are available with a very wide range of values, from 0.47 pF to 1 mF. The most popular
case forms for these capacitors are 0805 and 1206. Unfortunately, these components are not
marked with colour code or any digital values. The following image shows the polarity of
capacitors:

Fig. 8.1.9: Polarity of capacitors

The following diagram and table list the ceramic multilayer chip capacitors’ case forms:
B

L

H
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Case Form
0508
0603
1206
1210
1808
1812
2220

L (mm)
2.0
1.6
3.2
3.2
4.5
4.5
5.7

B (mm)
1.25
0.8
1.6
2.5
2.0
3.5
5.0

H (mm)
0.51 to 1.27
0.80
0.51 to 1.6
0.51 to 1.9
0.51 to 1.9
0.51 to 1.9
0.51 to 1.9

A (mm)
0.25 to 0.75
0.25 to 0.75
0.3 to 1.0
0.3 to 1.0
0.3 to 1.0
0.3 to 1.0

Fig. 8.1.10: Ceramic multilayer chip capacitors’ case forms

SMD Tantalum Capacitors
These are available in different case forms. The positive polarity is marked by a white “M” or a
white line. The case forms depend of nominal voltage and capacitance value. These capacitors are
available in following standard sizes:
• 7.3 x 4.3 mm
• 6.0 x 3.2 mm
• 3.5 x 2.8 mm
• 3.2 x 1.8 mm
The values are coded with alphanumerical characters or with digits.

8.1.3 Transistors and Diodes
The connections of these SMT components are made through leads that come in the package.
The leads are bent a little which make the components able to be mounted on the circuit
board. There are three leads for the packages and that makes it easy to recognize which way
the devices need to go.
Almost all standard diodes and transistors are available as SMD components as small outline
transistor (SOT) in following cases: 23, 89 and 143. Electrical parameters of these SMD
components are the same as comparable standard types. For the components with power
dissipation from 200 to 400 mW, SOT 23, 143 cases are used. For power dissipation from 500
mW to 1W, SOT 89 cases are used.

123

Participant Handbook

8.1.4 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. 8.1.11: Major types of ICs
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Activity
1. Write the full form of the following abbreviations.
CSP: ____________________________________________________
TSOP: ___________________________________________________________
SOIC: ____________________________________________________
MELF: ______________________________________________________
BGA: ______________________________________________________

2. Calculate the resistance value of a resistor with imprint value 122.
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UNIT 8.2: Pick and Place Machine Operations for PCBA
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.

List the tasks during the pick and place machine operations
Identify different types of solder paste for different SMD packages
Demonstrate how to load program
Identify how to program the coordinates
Perform troubleshooting and optimization of pick and place machine

Pick and place systems are widely used in the manufacturing of today's SMT electronics
circuit boards. Using these pick and place machines, it is possible to accurately place large
number of components quickly and accurately onto circuit boards.
With some circuit boards using over 1000 SMT components, including very small ones and
requiring very accurate placement, it is not practical to manually place them. Pick and place
machines are used to place the components in a repeatable fashion. The technician needs
to identify the components to check that right components are placed on the machine reel
and they are ready to be placed on the board.
The following figure shows the process flow of PCBA using the pick and place machine:
Apply solder paste

Pick and
place
components

Reflow

Test

Fig. 8.2.1: Process flow of PCBA using the pick and place machine

To accomplish the PCBA process, the EMS technician needs to perform some certain tasks
other than the identification of the components. The following figure lists the tasks of the
technician during the pick and place machine operations:
Inspect printed solder paste for accuracy
Load specified programs on machine’s computer
Program the coordinates as per specifications
Perform the steps to troubleshoot and optimize the program
Fig. 8.2.2: Tasks of the technician during the pick and place machine operations
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8.2.1 Inspection of Printed Solder Paste
To operate the pick-and-place machine, all the components must be well placed and the paste
needs to be applied properly for PCB assembly.
There are varieties of solder paste available for different SMD packages. The following figure
lists the solder paste for different SMD packages:
Solder paste for Standard SMD Packages
•The selected solder paste should be formulated so as to eliminate potential breakdown of
the metal, flux, binder, and solvents combination or the premature drying of the solder paste
on the printer.
•The selected solder paste should be formulated so as to prevent slump and provide over 8
hours of screen working life, with no presence of skipping, scooping and clumping during
printing.
•For stencil printing of standard pitch SM packages, the metal alloy powder's shape, size and
content should remain the same but the viscosity should be increased to 700,000 or 800,000
centipoise.
•In most cases, R, RMA and RA rosin-based fluxes are removed using an aqueous de-ionized
heated water cleaning system, augmented with a saponifier or another surfactant additive.
The resultant cleaning water should produce biodegradable saponified products.
Solder Paste for Fine Pitch SMD Packages
•Those solder pastes specifically designed for high lead count; fine pitch packages with lead
spacing of 0.015 require a unique formulation for stenciling, screening and automatic point to
point dispensing.
•Solder pastes specifically formulated for fine pitch SM components should incorporate all of
the previously cited qualities, plus a flux system developed specifically to ensure that no
slumping occurs while still in the wet stage. Fine pitch solder paste should not produce
bridging, shorting or solder balling when the paste experiences the reflow.
•As is in the case of Standard Pitch SM components, R, RMA and RA rosin-based fluxes will
normally be removed using hot de-ionized water, augmented with a surfactant or other
additive.
Water Soluble Solder Paste for Fine Pitch SMD
•Water soluble solder pastes should display all of the stencil or screen printing qualities
displayed by conventional rosin based pastes, but should also eliminate the need for
chlorofluorocarbons, chloro carbons or other solvent blends sometimes used for rosin-based
flux residue removal.
•Water soluble pastes should not be hygroscopic and should be formulated to provide up to 8
hours of screen working life and 48 hours of tack time similar to rosin-based pastes.
•Water soluble, fine solder pastes should be halogen-free. The water-soluble residues should
be capable of being cleaned to the extent that they are equivalent in performance, water
extract resistivity and SIR values to standard RMA fluxes. Flux residues should be able to be
removed with a cool presoak followed by a 60°C spray.
Fig. 8.2.3: Different solder paste for different SMD packages

8.2.2 Loading of Specified Programs
The pick and place machine uses a vacuum grip to pick up a PCB board and moves it to the
pick and place station. The machine then adjusts the PCB at the station and starts applying
the SMDs to the PCB surface. The components are placed in pre-programmed locations on
top of the soldering paste.
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The machine requires to be programmed so as to precisely mount components on to a PCB.
For this, the software program of a pick and place machine should be able to communicate
effectively with the hardware. The following image shows a PCB layout:

Fig. 8.2.4: PCB layout

The technician should check the printed solder paste on the PCB to ensure that it is applied
at the right places on the board and in right amounts.
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. To load a program in the
machine’s computer, a technician needs to:
•

Collect the right text files that contains the information about component’s
placement.
• Load the program data into the computer associated with the machine
• Perform parts registration
The technician 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.

8.2.3 Program the Coordinates
To make the PCB work, two coordinates i.e. X AND Y are set and given the values. Their
importance is explained below:
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.
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The following image shows the mapping of X-Y coordinates on a PCB:

Fig. 8.2.4: Mapping of X-Y coordinates on a PCB

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.

8.2.4 Troubleshooting and Optimization
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.
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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.

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.

Fig. 8.2.5: Common software errors

Activity
1. List the software errors of a pick and place machine.
a. ______________________________
b. ______________________________
c. ______________________________

2. Write down the process flow of pick and place system operations.
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9. Load Components and
Operate the Machine for
Assembling on PCBs
Unit 9.1 – Parts of a Pick and Place Machine
Unit 9.2 – Pick and Place Machine Operations
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Explain pick and place machine briefly
2. List the parts of a pick and place machine
3. Perform setting up of the machine for operation
4. List the steps of loading or reloading the feeders
5. Monitor the equipment and the operations
6. Maintain records of assembly
7. List the ESD handling and contamination handling practices
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UNIT 9.1: Parts of a Pick and Place Machine
Unit Objectives
At the end of this unit, you will be able to:
1. Explain pick and place machine briefly
2. List the parts of a pick and place machine
3. Explain the main features of commonly used SMT machines

9.1.1 Pick and Place Machine
Pick and place machines pick the components from the packaged forms of components or the
reels and place the components on the PCBs. The machines are pre-programmed with the
information about component positions so that they are aware of where to place them. This
program is created directly from PCB design information.
The component placement system must meet the requirements to keep in pace with the
trends of continued down-sizing of the component package and higher board densities. This
is enabled by employing a computer controlled, highly accurate, camera directed placement
nozzle which is responsible for constraining the component during pick-up through push-off
after placement.
To enable the placement system producing high density, high speed and accurate component
placements, the system may be equipped with the following elements:
•
•
•
•
•
•
•

Vision correction system
Computer controller
Component body height adjustment
Windows or vendor software
Z-Axis placement programmability
Single head and dual head - Multiple programmable nozzles
Dual Work Table - 12 heads with 3 nozzles per head

The following image shows a pick and place machine of model Mirae Mx200LP pick and place
machine:

Fig. 9.1.1: Mirae Mx200LP pick and place machine
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9.1.2 Parts of 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. 9.1.2: 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. 9.1.3: Working heads of a pick and place machine

The most common technique of picking up the component is using the vacuum nozzle. It is
because of the system’s ability to create a negative pressure immediately upon making
contact with the top surface of the component with the soft rubber nozzle contact, and then
reverse the process by producing a positive pressure to blow the component off the nozzle
upon placement. Mechanical chucks, although preferred for some time, are expensive to
maintain and do present some mechanical difficulties in their operation.
• Vacuum Nozzles
• Mechanical Chucks
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.
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•
•

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.

The following image shows the working zone of a pick and place machine:

Fig. 9.1.4: 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. 9.1.5: Feeding zone of a pick and place machine

Reel Rack and Conveyor Belt
The following image shows a reel rack which is used to hold the reels:

Fig. 9.1.6: Reel rack
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The technician needs to identify the components to be placed on the reels accurately, and
put them on the reels efficiently.
There is a conveyor belt through the middle of the machine. The blank PCBs travel along the
belt. There is a PCB clamp at the centre of the machine to secure the PCB. The nozzles pick up
the components from the feeders or components trays, rotate them to the correct positions
and orientations and place them on the appropriate pads with high precision. High end
machines can contain multiple conveyors that can produce multiple similar or different kinds
of products simultaneously. The following image shows a conveyor belt:

Fig. 9.1.7: Conveyor belt

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. 9.1.8: Nylon spool wheel of a pick and place machine

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 followings:
• 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.
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The following image shows the interface of a pick and place machine:

Fig. 9.1.9: Interface of a pick and place machine

137

Participant Handbook

9.1.3 Main Features of Commonly used SMT Machines
The following figures lists some features of the machines working with SMT components:
Vision Assisted Component Placement
•The vision system should include as a basis element of the design, an ability to process
(establish X/Y/Theta) the component location on the pick-up head and match the
component to the respective component pads.
•To achieve the required placement accuracy, the following is necessary:
oGray scale vision processing
oComponent placement algorithms
oFiducial (local and global) camera
oComponent pad/lead recognition camera
Placement Speed
•Although placement speed is typically quoted at approximately 0.1 second per
placement, Flip Chip components can take as long as 3.5 to 5.0 seconds per shot
(placement).
•Component placement speed is dependent upon such factors as distance which the
placement head must travel between component pick-up and placement location,
and the requirement to view the component leads/pads for component-to-pad
alignment prior to placement
oMin. 0. 09 sec. per component
oMax. 0. 12 sec. per component
Placement Accuracy
•The accuracy to which the component is aligned and placed on the solder pads is
contingent upon several factors, such as use of local fiducial marks; datum point
location; size of printed circuit board; flatness of printed circuit board; etc.
oMin. ± 0.025 mm (using local fiducial marks)
oMax. ± 0.1 mm
Component Placement Pressure
•Programmable placement pressure can be specified for each component, enabling
placement of very delicate parts.
Printed Circuit Board Dimensions
•Current placement systems are designed to provide the end user with the maximum
printed circuit board size in both the X and Y axis.
•Most of the current designs will allow a change in the conveyor rail width to be
automatically executed by servo motors by program commands conveyed through the
computer controller.
oMin. 80 x 50 mm (3” x 2”)
oMax. 508 x 457 mm (20” x 18”)
Fig. 9.1.10: Some features of the machines working with SMT components
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Activity
1. List different parts of a pick and place machine.
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
__________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
__________________________________________________________________________
2. Write down the features of the machines working with SMT components.
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
__________________________________________________________________________
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UNIT 9.2: Pick and Place Machine Operations
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Perform setting up of the machine for operation
Identify the tools required for pick and place of components
Demonstrate how to load components
Classify the feeders
List the steps of loading or reloading the feeders
Explain placement of components
Identify how to adjust the PCB transport rails
Monitor the equipment and the operations
Maintain records of assembly
List the ESD handling practices
Identify the contamination handling practices

9.2.1 Setting up Machine for Operation
An EMS technician needs to set up the pick and place machine to make it operation ready.
After the machine parts are set up, he/she should warm up the machine for a specific time
period to start the operation.
Setting up a pick and place machine requires certain steps to be performed, as listed in the
following figure:
Set the vacuum tip
Position the circuit board
Route reels and tape via
the feeders

Fig. 9.2.1: 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.
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The technician 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. 9.2.2: Points to be considered for routing reels

The following image shows getting the feeder ready for operation by adding tape and reel to it:

Fig. 9.2.3: Getting the feeder ready for operation

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 technician 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. 9.2.4: Positioning of the circuit board
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Setting the Vacuum Tip
The technician requires to choose the nozzle and vacuum tip for the accurate placement of
the components.
If the obtained dimension of the nozzle is outside the regulated range, the message indicating
that no nozzle information is registered appears on the screen.
In this case select the appropriate nozzle number from the “Nozzle no table” dialog box
displayed the next. If you do not find any appropriate nozzle number, select the nozzle and
enter the correct number manually. The technician needs to set the nozzle number and type
to be assigned to the ATC. The following table lists the types of nozzles:
Setting item
Normal
T-type
Gripper

Description
Normal nozzle
Cleaner type nozzle
Gripper nozzle

The following image shows some standard nozzles and nozzles for LED components:

1

Fig. 9.2.5: Some standard nozzles and nozzles for LED components

The following figure lists the process of setting the nozzle height and vacuum:
To set the nozzle height, the technician needs to set the offset value of the
length with viewed from the reference nozzle.
•This value is used to make fine adjustment for controlling the height when the
system measures a component with laser.

To set the vacuum, the technician requires to set the vacuum value when a nozzle
is mounted on the reference head.
•This value is used to judge whether a nozzle is mounted or whether a component
is located on the regulated position by combining with the value set with the
(vacuum value without nozzle) menu.
•The value set here is just auxiliary information since the system uses laser to
check whether a nozzle is mounted or not or whether a component is located at
the regulated position.
Fig. 9.2.6: Process of setting the nozzle height and vacuum
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The following figure shows the general steps to start a pick and place machine:
Start machine by rotating knob in clockwise direction and wait until all machine initializes.
System will initialize it’s all axis automatically.
After initialization, select the desired group settings option available. All function will be
displayed on the screen.
Then open file and select the desired program from the list, which is displayed on the
bottom.
Open the lid and adjust the conveyor width according to PCB size.

Remove any earlier production setting so that current production will display.

Click on the available option for production.

Check all feeder loading according to the design and specification.
Fig. 9.2.7: General steps to start a pick and place machine

9.2.2 Setting up Tools
Pick‐and‐place components can be placed either by hand, or by machine on the PCBs. 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. 9.2.8: Different hand tools for a PCB assembly

143

Participant Handbook

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

Pliers

Wire cutters

Used for handling various
devices/part sizes and shapes

Used to handle small wires
connected to PCB
components

Used to cut small wires
connected to the PCB
components
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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
components to the
supporting circuit board

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 damaged or broken.

9.2.3 Loading of Components
Surface mount components are placed along the front (and often back) faces of the
machine. The components are supplied in tape reels which are loaded to the feeders that
are mounted to machine. Sometimes, larger ICs are supplied in an arranged manner in trays,
stacked in a compartment. Generally, ICs are supplied in tapes rather than sticks or trays.
The tape format, with the improvements in feeder technology, is becoming the preferred
method to present the parts on an SMT machine.
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The following image shows placement of components using hand tools:

Fig. 9.2.9: Placement of components using hand tools

In the pick‐and‐place system, a machine loaded with components picks the components and
places them onto the board. The tension of the solder paste is sufficient for keeping the
components in place. The machine uses the information of the component’s location and
orientation (typically held in a Centroid file) as a reference to place the components onto
the board accurately. Centroid files are derived from the CAD data for the PCB design.
Checking the Loading List
The technician needs to ensure all components according to the selected program. He/she
needs to check that the value loaded on particular wheel matches the selected program.
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.

9.2.4 Loading/Reloading of Feeders
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. 9.2.10: A feeder
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The technician needs to load the feeders according to the selected program. For that,
he/she must select the type of feeder required for the operations. 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. 9.2.11: Classification of feeders

The following figure shows different types of feeders:

Tape and Reel Feeder

LED SMT Feeder

Direct Die Feeder

Stick Feeder

Fig. 9.2.12: Different types of feeders
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The following table lists the feeder size required for the components package:
Feeder size
8mm
12mm
16mm
24mm

Component package
0402, 0805, 0606, 1206, SOT-23, SOD-123
2010, 2512, SOIC-8
Electrolytic capacitor, SOIC-16, SOIC-18
Crystal oscillator, coil

32mm

Crystal oscillator, coil of different size

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. 9.2.13: Steps for loading the components into the feeder

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

Fig. 9.2.14: Components loaded on the feeder

9.2.5 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
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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
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

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

Fig. 9.2.15: Types of specialised machines for placement of components

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. 9.2.16: Determinants of component loading

9.2.6 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.
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The following image shows the placement head of a pick and place machine on the PCB:

Fig. 9.2.17: 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.
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. 9.2.18: Steps of adjusting the transport rails

Adjusting of PCB Transport and Checking the Value on Wheel
The technician should adjust the PCB rails as well as the value on the wheel. He/she needs
to check that the value loaded on particular wheel matches the selected program.
PCBs are fabricated in large panels, typically 18 x 24 inches sheets, and then routed out
either individually or into smaller panels. Even a single-up panelization may provide
manufacturing benefits over a simple individually routed board by having rails which provide
clearance between components and the edge of the board or by providing missing fiducials.
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The following image shows a large set of panels in green, an individual panel in blue and
smaller panel set in red:

Fig. 9.2.19: A large set of panels (green), an individual panel (blue) and smaller panel set (red)

Panels are transported by edge supported conveyor lines. This permits components to be
placed on both sides of the board, but no components are recommended to be placed within
3.2mm of the edge even if you are only using one side because some stages have overhang
above the board conveyor. Panelization will typically add rails along the edge much larger
than that, permitting you to place components closer to the edge of your board.

Fig. 9.2.20: Edge supported conveyor lines

Identification of the Width of Component Reels
The separation between the edge conveyors of each piece of equipment in the line must be
adjusted to the width of the panel. Each machine has at least one eye for detecting the
presence of a board on the conveyor. The technician needs to adjust the width of components
reels as required.
Very wide panels may sag between the conveyor edges, especially in the reflow oven, and
they are prone to vibration and bouncing during population in the pick-and-place machine.

9.2.7 Monitoring the Equipment
Monitoring the operations of pick and place machine starts from monitoring the efficacy of
equipment. Before starting the process, all the equipment must be in proper working
condition so that the process must not be hampered in a mid-way. All the equipment must
be available in the required quantity and at the desired place so that it may not lead to
wastage of time.

151

Participant Handbook

9.2.8 Monitoring the Operations
The pick and place machine require constant monitoring to avoid any downtimes or faulty
placement of components.
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.
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. 9.2.21: Problems due to variations in the operating temperature

The placement speed of a pick and place machine is affected by a lot of factors.
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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. 9.2.22: Some factors that affect the operating speed

Reloading the Components
When the pick and place machine starts operating, the process is monitored carefully to
ensure its completion. The supply of necessary components is kept continued. All the
components must be in a particular quantity to ensure the continuity of the process. The
components are reloaded in the tray or reel as soon as it starts becoming empty, otherwise
the process may be hampered.

9.2.9 Maintain Records of Assembly
EMS technician must maintain all the records of assembling the PCB in a proper manner so
that he would not repeat the mistakes done once and be ready for the same procedure in
future. He/she must keep the records of the following information:
•
•
•
•

Number of components used and not used
Number of PCBs delivered
Any type of defects
Machine and tools calibration

9.2.10 Handing over the finished boards
After maintaining all the records of the process and ensuring the completion of process, the
completed or finished boards are handed over to the reflow machine operator. Technician
has ensured the standard of the boards on his part but now the operator will decide the
quality of these boards and will forward his feedback to the technician. The following figure
lists the type of feedback a technician may receive:

Satisfied

Unsatisfied

Fig. 9.2.23: Type of feedback a technician may receive
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If the operator is satisfied with the quality of the boards, he/she will simply approve them
but if he is unsatisfied and thinks that the boards lack a particular and standard quality,
he/she will return the boards to the technician along with his desired changes. Now, it is the
responsibility of the technician to restructure it as per the operator’s demands.

9.2.11 ESD Handling Practices
As described earlier, Electrostatic discharge (ESD) is the sudden flow of electricity between
two electrically charged objects caused by contact, an electrical short or dielectric
breakdown. The causes of ESD are as follows:
• Human negligence
• Uses of synthetic materials
• Movement of air
• Absence of electrostatic wrist scrap
To remain protected from the ESD, the technician needs to follow the ESD prevention
measures, use ESD clothes and tools and so on.
ESD Protection
The following figure lists some practices for ESD protection:
Protection at circuit and assembly design
•To protect boards and sub-assemblies from getting damaged, ESD protection is must
Testing of equipments in an EPA
•Within an EPA strict controls are employed to ensure protection for any electronics
components and assemblies.
Storage of components
•It is necessary to ensure that all components are stored and transported within an
environment in which ESD protection is implemented.
ESD control process
•As it is necessary to create the ESD protected area, it is also important to introduce right
processes and provide training.
Fig. 9.2.24: Some practices for ESD protection

ANSI ESD S20.20 standard
Electrostatic Discharge Association (ESDA) was set up in 1982 for providing standards and
assistance regarding ESD, to the electronics industry. The S20.20 standard has been
developed by the ESDA. The standard is known as ANSI ESD S20.20, supported by ANSI. It
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specifies the requirements for designing, implementing, establishing and maintaining an ESD
control program.
Although some of the ESD precautions may seem to be rather extreme, electronic
development and manufacturing companies take ESD control very seriously in view of the
damage that can be caused. Investment into equipment such as ESD wrist straps, ESD
workbenches, ESD flooring, ESD bags and the like pays dividends in terms of lower faultfinding costs during the manufacturing cycle, and also lower warranty repair costs. This does
not take into consideration any benefits to be gained from maintaining equipment that gives
long and reliable service to customers.
In order to ensure an environment where work on electronics components, sub-assemblies
such as printed circuit boards, and assemblies is carried out is safe from ESD, most companies
these days set up what is known as an ESD protected area or EPA.
By setting up an EPA and using it correctly, the level of failures during the production is
minimized. As a consequence, the investment in the EPA repays itself in terms of the rework
cost and higher reliability of the product. This not only reduces the costly call-outs but also
the long-term reliability results in customer satisfaction.

9.2.12 Contamination Handling Practices
Pick and place machine may face contamination from different sources, so it must be
protected, and the contamination must be handled properly by the following methods:
•
•

There must not be too much flux on the board as it will contaminate the board.
The temperature beyond the limit may cause the surface coating on the resistor
network to contaminate the surface of the board. This following image shows PCB
contamination:

•

The solder joints may be fine but the solders resisting on the pads may result in a
reduction in the solder volume. The left-over of the solder paste may contaminate the
PCB surface. The technician needs to check for the left-overs and clean the PCBs.
The components should not be handled with bare hands. Improper handling of the
components may damage the components as well as contaminate the PCBs.

Fig. 9.2.25: PCB contamination

•
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Post Assembly Cycle
Unit 10.1 – Visual Checking of the Assembly
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Execute visual inspection of PCB manufacturing
2. List the elements to be inspected
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UNIT 10.1: 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
2. List the elements to be inspected

10.1.1 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.

Fig. 10.1.1 Inspection of PCB manufacturing
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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
• 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. 10.1.2: 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 PCB manufacturing.
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11. Interact with
Colleagues and Superior
Unit 11.1 – Interact with Supervisor
Unit 11.2 – Interact with Colleagues
Unit 11.3 – Soft Skills
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Define work requirements
2. Identify the right work ethics
3. Identify the standard operating procedures (SOP)
4. Define the role of team members
5. Identify the work place relationships
6. Identify work behaviour
7. Explain communication skills
8. Identify the steps to effective listening
9. List the ways to develop listening skills
10. List the barriers to listening
11. Explain how to manage a conflict
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UNIT 11.1: Interact with Supervisor
Unit Objectives
At the end of this unit you will be able to:
1. Define work requirements
2. Identify the right work ethics
3. Identify the standard operating procedures (SOP)

11.1.1 Understanding Work Requirements
Work requirement is a document which has the date, location and the details of a particular
task, which has to be done. It is the record of the task which has to be performed. The EMS
technician should be able to understand the assigned task and its requirements.
Understanding work requirement means the following:
Understand the task requirements

Follow the line of authority

Issue on time, the tools and the equipment

Keep upto date with new developments

Plan, organize and control work for efficiency

Fig. 11.1.1: How to understand work requirements

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.
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11.1.2 Understanding Work Ethics
Work ethics means the right and the wrong way of doing your job. Work ethics would mean
the following:

Working as per
standards and guidelines

Following timelines

Following the
orgnizational rules and
policies

Fig. 11.1.2: Points to consider for following work ethics

As an EMS technician, you may come across a situation that may require you to escalate the
situation to your supervisor, as shown in the following figure:
Situation of
accident

Unethical
action

Any other
serious issue

Safety breach
Infrom
Supervisor
about

Fig. 11.1.3: Informing the supervisor

11.1.3 Standard Operating Procedures (SOPs)
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.
An SOP is a document that ensures that an organisation’s services and products are
delivered timely. These procedures ensure the compliance of the services with the
regulations and operations. These also make certain that the process of completing a task is
properly documented.
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. 11.1.4: Reasons for understanding the SOP

The SOP communicates that all the activities of an organisation are carried out in a correct
way. The following figure shows the benefits of an SOP:
Consistency

•An SOP ensures consistency in the procedures that are
carried out. A more consistent process will ensure less
problems in quality.

Reduction of errors

•Written instructions for performing a task ensures less
chances of errors.

Communication

•An SOP ensures that that there is communication in an
organisation. Whenever any process gets updated, it is
communicated between the employees and management.

Fig. 11.1.5: Benefits of SOP

11.1.4 Improve Work
Feedback is a very important part of improving work. It can be in any form such as a single
line comment or a detailed discussion on how things can be done in a better way.
The feedback about the work can be taken from the supervisor/manager or colleague in the
following ways:
•

Inform the other person that a feedback is desired.
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•
•

Help the person to give a specific or detailed feedback.
Ask open ended questions to give space to the person to provide a detailed feedback.
Some examples of open-ended questions are as follows:
o Why was the technician’s service not satisfactory?
o How can the organisation improve the service provided?
o What is your opinion about the service provided?
o How would you like to be approached?

The tips shown in the following figure provide guidance on how to get a feedback:
React
•Manage the emotional reactions on the feedback and say only what is beneficial
for the service.
•Concentrate on listening to the feedback and ask questions to make sure that the
expectations of the other person are met.
•Remember not to skip. Take a note of all the outcomes and results to improve the
service.
Reflect
•Be honest with self and about the service and keep an open minded approach.
•Take some extra hours to understand the feedback and analyse the same.
•Get reasonable solutions or suggestions from the customer after the feedback by
asking open ended questions such as follows:
•“What would you have preferred me to do”?
•“How could I do it differently next time”?
Respond
•Accept the feedback by thanking the person who is giving it.
•Analyse the feedback to reach possible solutions and implement them in the
process.
•Focus on handling the future issues by implementing or rectifying the process
based on the feedback.
Fig. 11.1.6: Tips on how to get a feedback

165

Participant Handbook

UNIT 11.2: Interact with Colleagues
Unit Objectives
At the end of this unit, you will be able to:
1. Define the role of team members
2. Identify the work place relationships
3. Identify work behaviour

11.2.1 Understand the Role of Team Members
A sense of harmony and unity is the key to a healthy and competitive environment in a
workplace.
The work group is united by common goals and missions. But, at times, issues such as varied
viewpoints create an unhealthy work environment. An EMS technician needs to interact
with his/her colleagues to carry out the installation work. The following figure lists the
reasons for having a good relationship with colleagues:
Share the work load and
pass on important
information

Meet targets

Maintain good
interpersonal relations

Understand the nature
of work of different
functions

Assist colleagues in
resolving field problems
and conflicts

Achieve smooth
workflow

Fig. 11.2.1: Reasons for having a good relationship with colleagues

11.2.2 Resolve Personal Conflicts
A team consists of people with different personalities and capabilities. Each individual is
likely to have different viewpoints and reservations, which when working with others, may
create conflicts. A conflict involves three key components: emotions, perceptions, and
actions. People typically experience conflict at all the three levels and therefore need to
resolve it at each of them.
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The following figure shows the reasons of a conflict:

Perceptions
Emotions

Actions

Conflicts
Fig. 11.2.2: Reasons of a conflict

Depending on a given situation, a conflict can be handled using different methods. Some of
these methods are as follows:
•
•
•
•
•
•

Inform someone senior
Try to deal with it
Clarify viewpoint with the concerned person
Try to negotiate
Compromise with it
Ignore the conflict

Remember that there is no one size that fits all. Therefore, one should apply a solution in a
given situation that is probably the best in that case.
Most people consider conflicts to be bad. However, conflicts are not necessarily bad if they
are handled with proper caution. In a team, each employee will have different views and
opinions. It is important that team members openly acknowledge these differences and not
let them turn into conflicts. It is often seen that a group with people having diverse opinions
and views experience more success than the people with similar views and opinions.
When working in teams, team members must know the following to avoid conflicts:
•
•
•

Respect everyone’s views and opinions by maintaining a constructive balance
Avoid negative conflict that is destructive and disruptive in nature
Be patient and understand the opinion or views that are dissimilar
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Provide Feedback
The following are some points for providing a feedback:
•
•
•
•
•

While providing a feedback, have a constructive approach. Provide its purpose and be
clear whether any action is desired or it is just a suggestion.
Provide feedback in a positive and supportive way. Provide solutions with the problems.
Provide specific feedback. Use several examples to clearly explain the feedback. Refrain
from using general statements.
Ensure the concerned person is listening to the feedback.
Acknowledge the response given on the feedback.

Achieve Target
To achieve the work-related targets, the technician should follow some practices at the
workplace. This will help in improving the quality of work and the technician’s individual
growth. The following practices help in achieving the work-related targets:
1. Time: While reporting for duty and visiting or completing the assigned work, the
technician should keep in mind the given time frame. This would help in achieving the
target on time.
2. Quality: The technician should ensure that the quality of work is maintained. This will
help in meeting the target, as compromise in quality may lead to consumption of hours
in re installation and multiple repair work.
3. Follow Rules: The technician should follow all the rules and regulations of the
organisation and should also follow the standards and policies to achieve the work
target.
4. Communication: The technician should effectively communicate about the work and
related issues to resolve or report any problem related to work. This will help in
achieving the target on time.
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UNIT 11.3: Soft Skills
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.

Explain communication skills
Identify the steps to effective listening
List the ways to develop listening skills
List the barriers to listening
Explain how to manage a conflict

11.3.1 Communication
“You can have brilliant ideas, but if you can’t get them across, your ideas won’t get you
anywhere.”
–Lee Iacocca
Communication is a skill, which is essential in today’s world, where there is ever-increasing
importance on the ability to communicate and the need to work with others. The nature of
work has changed. It demands faster communication, prompt action and good interpersonal
relations. Also, as one climbs up the career ladder, having excellent communication skills is a
must.
Communication is the exchange of thoughts, ideas, opinions, suggestions, feedback and so
on. For any communication to be complete it is important to get a feedback or a response to
whatever is communicated.
In communication, the sender of a message sends it through a medium. The message
reaches the receiver, who then replies to it.
The basic communication process is shown in the following figure:

Sender of
Message

Medium of
Communication

Receiver of
Message

Feedback
Noise

Noise

Fig. 11.3.1: The communication process
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The skill to effectively communicate is the most powerful tool one requires to be successful
in personal and/or professional life. A lot of people find it challenging to interact with
friends, peers and family members. Conflicts and emotions are parts of communication
which are inclusive in all types of interactions.
Effective communication has the following benefits:
•
•

It empowers a person to influence others
It is usually seen as a display of one’s ability and intelligence

Components of Communication
A person’s communication should include five important components as listed in the
following figure:

What one is seeing/has seen

What one is hearing/has heard

What one is feeling/has felt about an issue

What one needs/wants

What results one expects on a request

Fig. 11.3.2: Components of a message

The following figure shows how past experiences shape the communication style:

Experiences influence
thoughts.

Thoughts, over time,
become attitudes.

Fig. 11.3.3: Experiences shaping communication style
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Types of Communication

Communication

The various forms of communication are listed in the following figure:

Verbal/Spoken
Non-Verbal
Written

Fig. 11.3.4: Different types of communication

•
•

Verbal Communication – It mainly consists of spoken words.
Non-verbal communication –It mainly consists of gestures, facial expressions and hand
movements.
• Written communication – It is mainly a written form of communication such as, reports,
analysis, e-mails and so on.
In non-verbal communication, it is important to show proper gestures; otherwise the person
can be misunderstood. The following figure lists some of the steps for non-verbal
communication:
Turn the body and the face towards the speaker.

Use different parts of the body besides the ears to receive the message.
• Look at the speaker to pick up non-verbal signals or cues.
• Use eyes to send signals to the speaker.
• A receptive audience creates motivation to work harder to communicate a
message.
React to the speaker by nodding the head.
Fig. 11.3.5: Few steps for non-verbal communication

11.3.2 Effective Listening
Effective communication depends on active and effective listening. There is a difference
between ‘listening’ and ‘hearing’:
• Active listening means to understand the meaning behind the sentences and words. It
also includes understanding the non-verbal clues in the conversation.
• Hearing is only accepting the sound, without understanding the meaning.
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As one goes up the career ladder, the listening skills should become even better. Managers
generally spend 65 to 90 percent of their time listening. Listening skills can be consciously
developed. Some ways to develop the skill are as shown in the following figure:
Do not jump
to a
conclusion

During
feedback, do
not be
defensive
Show interest
by non verbal
clues

Remove
external noise

Stop talking to
listen

Develop
Active
Listening

Ask for all
details and
paraphrase

Fig. 11.3.6: Developing listening skills

An active listener pays full attention to the speaker and his/her words, giving inputs where
required. On the other hand, a passive listener only receives the message but does not
revert back or give any further indications in terms of nodding or shaking the head or
acknowledging.
The following figure lists the steps to effective listening:
Wait for the speaker
to pause if he/she
allows any questions
to be clarified

Give feedback to the
speaker

Be attentive

Do not interrupt or try
to impose "solutions"

Pay attention to
nonverbal cues -gestures, facial
expressions, tone and
posture

Understand and feel
what the speaker is
trying to convey

Understand the words
to feel for the speaker

Beware of potential
barriers impacting the
ability to listen
effectively

Keep an eye contact
while facing the
speaker

Fig. 11.3.7: Steps to effective listening
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Barriers to Listening
Sometimes, people have a barrier that impedes their listening skills. Awareness of a barrier
is the first step in being able to overcome it. The following figure shows some barriers to
listening:
Past
experiences
influencing the
reaction to the
speaker or the
message

Individual bias
and prejudice

Worry, anger
fear,
depression and
grief

Noise and
verbal "clutter"

Semantics and
language
differences

Preoccupation,
boredom and
shrinking
attention spans

Fig. 11.3.8: Some barriers to listening

11.3.3 Managing a Conflict
In a workplace, conflicts are very common issues. An employee must have the ability to
manage the conflicts. The following figure lists some key points to be followed while
managing conflicts:
Keep calm by breathing slowly and deeply. Remember that this is only one
temporary moment in life.
Concentrate on what is needed to move forward rather than dwelling on the
other person's mistakes.
Summarize the other person's feelings to make sure that there is understanding
of what they are communicating.
Give affirmation to the other person about what they may be feeling.

Acknowledge and apologize for any mistakes that may have been made.
Focus on positive results and make specific requests that will enable the
achievement of these goals.
Fig. 11.3.9: Managing conflicts
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/

12. Basic Health and
Safety Practices
Unit 12.1 – Hazards and Risks at Workplace
Unit 12.2 –Safety Policy and Measures
Unit 12.3 – Fire Safety
Unit 12.4 – First Aid, Rescue and Emergency
Procedures
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Identify risks and hazards
2. List the precautions related to health and safety hazards
3. List safe working standards
4. Identify the warning signs and labels
5. Describe handling of tools and their usage
6. Explain safe working practices
7. Identify the purpose of good housekeeping practices
8. Identify the types of fire and precautions to avoid fire hazards
9. Describe how to use a fire extinguisher
10. Identify the methods of accident prevention
11. Demonstrate the first aid techniques
12. Explain emergency procedures
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UNIT 12.1: Hazards and Risks at Workplace
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.
6.

Identify risks and hazards
Identify the causes of accidents
List the precautions related to health and safety hazards
Explain types of incidents and incident reporting procedure
List safe working standards
Identify the warning signs and labels

12.1.1 Workplace Safety
The EMS technician should understand the workplace related safety measures and should
perform work while adhering to the safety procedures and instructions. This will ensure the
individual’s own safety as well as the safety of the surrounding.
A hazard is a source that can have an adverse health effect on a person. Risk is the chance of
being harmed or affected adversely when exposed to a hazard.
An EMS technician must be aware of the potential sources of accidents so that he/she can
avoid them or ensure minimizing their impact at the workplace. The technician needs to
adhere to the following practices:
•
•
•
•
•

Spot and report potential hazard timely.
Follow rules related to hazardous materials as per the company’s policy.
Inform the relevant person about any abnormal situation of any equipment.
Handle all equipment and tools with care.
Avoid mishaps that may be a result of dangerous gases, chemicals or sharp tools; also
avoid potential hazards that may be an outcome of probable injuries like minor burns or
cuts.

The following figure lists some examples of accidents that a security system installation
technician may face:
Electric shock due to loose electric connection
Cuts and laceration from handling sharp edged and heavy tools
Burns from handling heated components and surfaces
Fig. 12.1.1: Some examples of accidents
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12.1.2 Types of Hazards
Hazards can be classified into the following types:
1. Safety Hazards
2. Biological Hazards
3. Physical Hazards
4. Ergonomics Hazards
5. Chemical Hazards
Safety Hazards
Death or any type of illness or injury caused due to unsafe conditions is categorized under safety
hazards.
The following figure lists some instances of safety hazards:
Spillage on floor or cords lying loose across the floor leading to someone tripping
and falling
Working at varied heights or on a roof with the help of ladders or scaffolds
Hazards due to accidental touching of any unguarded machinery or moving
parts of a machinery
Electrical hazards as a result of frayed cords, improper wiring or missing
ground pins
Restricted spaces
Hazards related to machinery (boiler, lockout/tagout or forklifts)
Fig. 12.1.2: Instances of safety hazards

Physical Hazards
An occupational hazard caused by environmental factors is termed as a physical hazard. It
includes hazards such as the following:
•
•
•
•

Radiation caused by radio waves, microwaves or Electromotive forces (EMFs)
Sunlight/ultraviolet rays exposure
Extreme temperatures, be it hot or cold
Noise pollution

Ergonomic Hazards
Ergonomic hazards occur due to single/multiple factors within the working environment
that pose a threat to the musculoskeletal system of an individual. An uncomfortable
workstation leading to wrong sitting postures, repetitive movement of a body part causing
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sprain or strain and muscle sores are some examples of ergonomic hazards. The following
figure lists some instances that may cause ergonomic hazards:
Improperly adjusted
workstations and chairs

Frequent lifting

Poor posture

Awkward or repetitive
movements

Frequent use of too much
force

Vibration

Fig. 12.1.3: Instances that may cause ergonomic hazards

Chemical Hazards
Exposure to chemicals at a workplace is the main cause of chemical hazards. Exposure to
chemicals can be due to working around items that involve chemical preparations in any
state; solid, liquid or gas. Not all chemicals pose a threat, but there may be workers who
could be sensitive to even the mildest or a non-toxic form of a chemical that is otherwise
termed healthy. A person can be exposed to chemicals by inhalation of fumes, ingestion or
poisoning.

12.1.4 Follow Warning Signs
The security system installation technician must be aware of various warning signs and
needs to follow them to ensure safety. The signs and labels may be visible on the following
places:
•
•
•

On equipment and packages
Inside buildings
In open areas and public spaces

The following image shows the signs for a wet floor and a flammable item:

Fig. 12.1.6: Warning signs for wet floor and flammable item

On Equipment and Packages
The following figure depicts some common warning symbols along with their meanings:
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A warning or a notice that
is important

The contents of the
package are sensitive to
water and should be
protected

The contents of the
package are fragile

The direction in which the
box should be positioned;
The line shows the bottom
and the arrows point
upwards

Packaging materials have
been made from recyclable
materials

Warning that the material
may produce electric shock

Fig. 12.1.7: Common warning symbols on a package

Inside Buildings
The following image shows the warning signs visible inside a building:

No Smoking

Exit

Wet Floor

Fire Exit
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No Entry
Fig. 12.1.8: Warning signs visible inside a building

In Construction Site, Open Areas and Public Spaces
The following image shows the warning signs that can be found in construction sites, open
areas and public places:

Fig. 12.1.9: Warning signs in construction sites, open areas and public places

12.1.5 Adherence to Safe Working Practices
Safety procedures and measures are dependent on the type of work. There may be a need
for electrical safety, fire safety or mechanical safety for an EMS technician.
The following figure lists the general measures an employee should be aware of to ensure
safety:
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Daily Safety Instructions

Before Starting Work

•Take safety measures to prevent accidents.
•Ensure zero accidents while at work.
•Avoid damaging components due to
negligence in electrostatic discharge (ESD)
procedure.
•Ensure no loss for company due to safety
negligence.
•Ensure proper maintainance of machine
and work process for achieving quality
output as per the company standards.

•Plan and discuss requirement of work to
be done.
•Consider potential hazards and measures
to be taken.
•Confirm permission to isolate (use a permit
system if relevant).
•Isolate the electrical equipment or circuit.
•Place a "DANGER, DO NOT OPERATE" tag.
•Put up safety barriers when required.
•Use the correct earthing equipment.
•Cover and insulate a nearby live apparatus.
•Check test instruments and get
authorization to do the work.

When Working

After Completion of Work

•Use safety observers when required.
•Always wear PPE.
•Never rely on memory.
•Connect the earth and neutral conductors
first.
•Check the isolation points before
resuming work after a break.
•Check and clean the tools that are used
regularly.
•Use non-conducting tape measures.

•Check if tools are left after work
completion.
•Remove own earthing equipment.
•Notify all personnel involved that the
equipment will be energized.
•Hand in the work permit (if relevant).
•Remove "DANGER, DO NOT OPERATE"
tags.
•Switch off all machineries.
•Remove and store all PPE properly.

Fig. 12.1.10: General safety measures for an employee

Handling Heavy and Hazardous Materials
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:
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Too heavy

Factors that make load handling
diffucult

The load

Too large
Difficult to grasp
Too strenuous

The task
Involves difficult postures
Less space
The workplace
Slippery/dirty floors
The individual

Improper handling technique

Fig. 12.1.11: Factors affecting proper handling of loads

The following points should be taken into consideration to reduce the risks associated with
handling of heavy and hazardous loads:
•
•
•

Identify the hazard
Assess the risk
Select appropriate measures to control or reduce the risk
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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 and occupational
respiratory and lung diseases. Therefore, it is mandatory to follow the standard safety
procedures while handling equipment, hazardous material or a tool.
The following figure lists some key points of handling hazardous materials correctly:

Use proper lifting aids.

Use appropriate PPE such as safety boots, gloves, helmets, goggles and so on.

Work with a team when handling heavy loads.

Fig. 12.1.12: Handling hazardous materials

Good Housekeeping Practices
Good housekeeping is an observable proof of management and their concerns for health
and safety of the employees on a daily basis. A workplace well in order adds to the safe
working environment and minimizes obstacles that are a threat to health and safety. The
following figure lists the purpose of housekeeping:
Prevents fire and accidents
Gives control to employees
Increases production
Gives employees the freedom to move
Gives employees pride
Protects products and equipment
Reduces waste
Fig. 12.1.13: Purpose of housekeeping
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Documents
The EMS technician should be aware of different documents to know the safety instructions
and procedures while working.
The following figure lists some of the documents:

Fire notices that include
fire signs and symbols as
well as fire evacuation
strategies

Accident reports that
mention the accidents
that may occur, number of
previous accidents and
actions taken for them

Company policies and
documents regarding
health and safety

Safety instructions for
equipment and their
proper handling
procedures

Government notices
regarding health and
safety guidelines

Fig. 12.1.14: Some safety documents
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UNIT 12.2: Safety Policies and Measures
Unit Objectives
At the end of this unit, you will be able to:
1. Explain the need for a workplace health and safety policy
2. List some safety policies to be followed in an organization
3. List the objectives and key measures of the health and safety

12.2.1 Safety Policies
In every organization, safety is at the top priority. An EMS technician should know about
safety and health policies followed at the workplace.
A health and safety policy is a written declaration made by an employer. It states the
company’s commitment for safeguarding the health and safety of the workers and also is an
assurance to the public. It is a signed document made by the management related to the
health and safety of the employees.
A workplace requires a health and safety policy for the following reasons:
•
•
•
•
•

•
•

To show complete commitment towards the health and safety of the employees
To prove to the employees that safety performance and work performance are in
harmony with each other
To give a clear statement of the company’s objectives, principles, plans, ideas and
procedures
To increase buy-in through all divisions of the company
To provide a definite outline of the accountability of the organization for the health and
safety of the workers and also give a clear idea of the responsibility of the employer and
the employees
To abide by the Occupational Health and Safety Act
To define practices and processes to be adhered at the workplace to avoid injuries and
diseases

In an organization, there are several policies followed by the employees. As a part of the
organization, a security system installation technician must also follow the safety policies.
The following figure lists some of them:
Environment,
health and safety
(EHS)

Environmental
management
system (EMS)

Occupational
Health and Safety
(H and S)

Fig. 12.2.1: Some safety policies
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Environment, health and safety (EHS)
EHS is a discipline which involves study and implementation of environmental protection
and safety at work in practical ways. This is basically implemented by the organisation and
involved in the policies as per the regulations from the authorities to ensure safe working
condition for everyone.
Environmental management system (EMS)
EMS refers to the management of an organisations environmental program in a
comprehensive, planned and documented manner. It involves the structure, planning and
resource development of an organisation for developing and implementing the policies for
the protection of environment.
Occupational Health and Safety (H and S)
Occupational health and safety policy is meant for the safety of the employees at a
workplace. This ensures that the employees remain safe and they can handle emergency
situations such as accidents at work place.
A technician should adhere to the following practices at workplace to maintain health and
safety:
1.
2.
3.
4.

Use PPEs while working.
Follow the guidelines given by the organisation while performing the work.
Participate in drills and exercises to be prepared for any emergency situation.
Properly maintain the work site by using appropriate signs and keeping the emergency
kit ready at all times.

The following table lists some of the objectives and key measures of the H and S policy:
Priority Actions
Measures/Key Performance Indicators
Make workplace free from injuries and illnesses
• Number of incidents/accidents and
Improve workstation ergonomics
near misses
Reduce manual handling slips, trips
• First aid incidents
and falls
• Number of days lost
• Provide EHS (Environment, Health and
Safety) training, safety audits and
participation
Improve Occupational Health and Safety Assessment Series (OHSAS) knowledge
throughout the organization
• Number of hours of training given to
• Provide EHS training, as per defined
each employee in a year
needs, of at least 6 hours to each
• Number of suggestions received from
employee
workers to improve workplace safety
• Improve OHSAS knowledge by
besides internal audit findings and
employee participation
safety audit findings
•
•
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National Building Code (Fire and Safety)
Indian National Building Code 2005 is a document which is created to make sure that the
buildings are safe from fire. This document provides comprehensive information about the
standards which should be followed for safety purposes while constructing a building.
The following points can be seen in the NBC for fire and safety:
•

Categories of Buildings: Buildings are classified in categories to put an accurate safety
system. Residential buildings are in category A, industrial buildings are in category G,
business buildings are in category E and storage areas are in group H.

•

Residential Buildings: These are divided further in categories as per the accommodation
provided.

•

Dangers to Avoid: According to this code every building should be constructed,
equipped and maintained to avoid fire.

•

Rules for Exits: The building should have a proper exit to facilitate escape in case of fire
and it should be as per the capacity of the building.

•

Mandatory Fire Safety Drills: Fire safety drills should be performed timely to create
awareness in people about the actions to be performed in real scenarios.

12.4.2 Safety Measures
It is very important to be aware of the safety instructions, guidelines and equipment used in
an EMS technician job role. An EMS technician is exposed to electrical hazards, safety
hazards and physical hazards. The technician should always follow instructions for own as
well as for colleagues’ safety. The technician must be aware of the location of the following
safety equipment at the workplace:
• Safety installations manuals
• Fire extinguisher
• Safety instruments and clothing
• First aid equipment
Safety measures at work place are defined by the organisation. The following figure shows
the control measures of risk:
Elimination
safety measures

Technical safety
measures

Fig. 12.2.2: Control measures of risk
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Elimination Safety Measures
Workplace hazards can be controlled by eliminating or substituting the potential causes with
less hazardous materials. For example, a toxic chemical can be replaced by a less harmful
one. But, it is not totally possible.
Technical Safety Measures
Risks can be combated by using engineering controls and prioritizing the protective
measures. These measures such as remote control, machine guard, use of ancillary
equipment and so on, may separate harmful factors from the workers by installing barriers
between them.
Examples of these measures include, but are not limited to, automation. It may include the
following points:
• Designing of safe and suitable systems for working
• Using PPE on emergency
• Providing training on safety
The following figure lists the types of training provided in an organization:

Specific safety
training

General safety
training

Skill training

Induction training

Workshops

Health sessions

Fig. 12.2.3: Training provided in an organization

Organizational Safety Measures
Risk can be minimized by using special methods for working or by dividing the time and
space of work among the workers. These measures include the following practices:
•
•
•

Reducing exposure time
Using PPE
Organising preventive maintenance programmes

Regular review of the systems is a must to ensure the following outcomes:
•
•
•
•
•
•

Systems are in workable condition
Plant modifications and substituted materials are needed
Compliance with current legislation is done
New work methods and advances in technology are incorporated into the system
Proper precautions for the hazards are taken
Awareness of safe systems and continuous involvement are ensured
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12.2.3 Methods of Accident Prevention
Accidents are events that can cause high damage to men and material as well as the
environment. To prevent accidents, the activities that may cause an accident need to be
controlled. For this, a safe working environment must be created and maintained.
For prevention of accidents, certain key points as shown in the following figure must be
ensured:
Safe workplace
with adequate
lighting and
ventilation

Safe and usable
tools and
equipment

Continued
emphasis on safe
methods of work

Trained employees

Effective planned
maintenance of
plant and
equipment

Adequate
supervision

Extra protection
for the employees
exposed to
hazardous work

Enforcement of
safety guidelines,
policies and rules

Proper use of all
necessary clothing

Regular reviews of
all systems

Fig. 12.2.4: Key points to be ensured for accident prevention

Safety Related to Handling Tools and Hazards
The technician should carefully handle the tools and equipment to avoid hazards. The
technician should keep the following points in mind:
• Handle the tools carefully and use tool box/belt to keep them safe.
• Touch the electrical equipment and hot surfaces carefully.
• Use safety equipment while working on site.
• Follow safety regulations and policies.
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UNIT 12.3: Fire Safety
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.

Identify the types of fire
Explain the precautions to be taken for avoiding fire hazards
List the key points of a fire drill
Describe how to use a fire extinguisher

12.3.1 Types of Fire
Fire class refers to the type of fire based on the kind of combustion materials. The
extinguishing of fire is dependent on the class of fire. The following image lists the different
types of fire:

Fig 12.3.1: Types of fire

Class A
The sources of Class A fire are common flammable materials such as paper, plastic, wood,
fabric and so on.
Class B
The sources of Class B fire are flammable liquids with flash point lower than 100 °F, gases
such as gasoline, kerosene and oils and paints that contain petroleum.
Class C
The sources of Class C fire are flammable gases such as natural gas.
Class D
The sources of Class D fire are flammable metals.
Class E
The sources of Class E fire are overloaded electrical materials and short circuit of equipment.
Class E fire can cause severe hazards such as an electric shock to a person using water, as
electricity is carried through the water.
Class K
The sources of Class K fire are flammable cooking oils and fats with larger flash points.
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12.3.2 Precautions for Fire Hazards
It is essential to ensure safety from fire, whether a professional is working onsite or offsite.
To ensure fire safety, an EMS technician should participate in safety workshops or fire drills
organized by the organization. A "No Smoking” signboard must be put up and adhered to at
all times. An EMS technician should perform the following steps in case of a fire:
• The glass of the nearest manual call point must be broken and people must be alerted.
Alternatively, emergency phone numbers must be dialed to give information about the
location of the fire or a fire bell must be used.
• An attempt must be made to extinguish the fire with the help of available firefighting
equipment.
• If familiar with the plant/machinery/equipment affected by fire, try to avoid spread of
fire or isolate it.
• Avoid using water to extinguish fire in case the source of fire is from electrical power.
Instead, switch the mains off.
• Hose reel and hydrants must not be used at any other time except in case of a fire.

12.3.3 Fire Drill
A fire drill is a practice of the procedure of evacuating a building in case of an emergency.
The points shown in the following figure should be kept in focus while conducting a fire drill:

Fire evacuation
strategy

Action on hearing
the fire alarm

Calling the fire
brigade

Correct use of the
emergency
evacuation plan

Appropriate use of
the fire extinguisher

Identification of key
escape routes

Fig. 12.3.2: Key points of a fire drill
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After completion of the drill, the in charge person should do the following actions:
•
•
•
•
•

Record the total evacuation time.
Silence the alarms.
Bring the fire alarm system back to its normal operating condition.
Re-evaluate and discuss concerns arising during the fire drill.
Keep records and notes of the fire drill and update the evacuation checklist report.

12.3.4 Using Fire Extinguisher
One of the most important safety equipment is the fire extinguisher because fire is the most
common and serious hazard that one faces in this industry.
It can be immediately used to douse and contain a small fire till the fire engine arrives, and
consequently save lives and property. The following image represents a portable fire
extinguisher:

Fig. 12.3.3: A fire extinguisher

The steps given in the following image show the correct way of operating a fire extinguisher
in case of a fire emergency:

Identify the safety
Break the seal and
pin of the fire
pull the safety pin
extinguisher which is from the handle.
generaly present in
its handle.

Fig. 12.3.4: Procedure for using a fire extinguisher
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Use the fire
extinguisher by
squeezing the lever.

EMS Technician

The following image shows the type of fire extinguishers to be used for different classes of fire:

Fig. 12.3.5: Fire extinguishers to be used for different classes of fire
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UNIT 12.4: First Aid, Rescue and Emergency Procedures
Unit Objectives
At the end of this unit, you will be able to:
1. Demonstrate the first aid techniques
2. List the rescue procedures
3. Explain emergency procedures
4. Identify the documentation procedure of incidents

12.4.1 Demonstration of Rescue and First Aid Techniques
It is important to be aware of the first aid techniques to provide help in an emergency to the coworkers. It may be required to move an injured person, to provide first aid or to perform rescue
operation to minimize loss.
Free a Person from Electrocution
The following figure lists the steps for freeing a person from electrocution:

Turn off the switch
from the mains or the
power source and
remove the plug.

Stand on a dry and
insulating material and
push the affected
person away from the
source of the shock.

Fig. 12.4.1: Steps for freeing a person from electrocution
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Check for breathing:
•If breathing, offer
water
•If not breathing, call
for medical help
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Basic Techniques of Bandaging
The following figure shows the steps for bandaging:

Clean the cut with soap,
water and antisceptic
lotion.

Wrap the cloth strips
several times around the
wound

Put a clean dressing on
the cut.

Tie the bandage securely
but it must not be so tight
so as to affect the blood
circulation.
Check the blood
circulation.

Fig. 12.4.2: Steps for bandaging a cut

First Aid to Victims of Heart Attack
Heart attack or a cardiac arrest may be caused due to an electric shock. The technician may
need to provide first aid to the victim before emergency services arrive. He/she may need to
perform the process of Cardio Pulmonary Resuscitation (CPR) that involves compressing the
heart manually to pump blood and assisting in breathing to provide oxygen to the person. The
steps for the same have been discussed.
Step 1: Check for pulse on the wrist and the neck as shown in the following image:

Fig. 12.4.3: Checking pulse at neck

Step 2: Check for breathing and see if the person is conscious.
Step 3: Ask someone to call for medical help.
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Step 4: Position the victim, making sure that the person’s face is upwards. If the person has an
injury on the head or the neck, aids must be provided without moving him/her.
Step 5: Apply pressure on the centre of the chest as shown in the following image:

Fig. 12.4.4: Pushing the chest

12.4.2 Emergency Procedures
All industries have an emergency plan to manage situations of accidents that could happen
at a workplace. A technician should be aware of the plans and procedures that are to be
followed as defined by the organization. He/she must assemble at the correct assembly
point, attend the roll call and return to work after everything comes to normal.
Workshop training is required to make technicians capable of handling emergency
situations. The main focus of this training should be to make people familiar with the
emergency evacuation plan. An example of this type of training is the fire evacuation plan.
Emergency evacuation procedure is defined as the guidelines required to be followed at
workplace to escape from the building in a case of any emergency such as a fire, an
earthquake and so on.
The following image shows an evacuation procedure in case of a fire:

Fig. 12.4.5: An evacuation procedure
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Regular training, practice and instruction are pre-requisites for an efficient fire routine. The
drills should be carried out by using different escape routes, ignoring the normal evacuation
route. In case of any emergency such as a fire breakout or an earthquake, the following
should be done:
• Take necessary precautions
• Raise an alarm
• Prepare and implement an evacuation
Take Necessary Precautions
An EMS technician should ensure that work area is safe. There are certain precautions which
should be taken while working which include the following points:
• 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 an 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.
Raise an Alarm
In case of a fire, the first one to discover it should immediately perform certain steps as shown
in the following figure:

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. 12.4.6: Steps for raising an alarm and acting accordingly
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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 of
someone or a colleague missing, immediately report to the supervisor or a fireman present
there.

12.4.3 Documentation
The potential hazards, safe methods of working and the precautions to be taken should be
documented properly to have a safe system. The document report should include the
details mentioned in the following figure:

Name

Date/Time of
Incident

Date/Time of
Report

Location

Environment
Conditions

Persons Involved

Sequence of Events

Injuries Sustained

Damage Sustained

Actions Taken

Witnesses

Signature of
Supervisor/
Manager

Fig. 12.4.7: Incident report details
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13. Use of Safety Gears
Unit 13.1 – Safety Gears and Protection
Unit 13.2 – Safety Measures and Standards
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Describe different types of protection needed
2. List the components of PPE
3. Explain how to avoid risk of electric shock
4. Explain electrostatic discharge (ESD)
5. List the causes of ESD
6. Identify the safety measures for electrostatic discharge (ESD)
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UNIT 13.1: Safety Gears and Protection
Unit Objectives
At the end of this unit, you will be able to:
1. Describe different types of protection needed
2. List the components of PPE
3. Explain how to avoid risk of electric shock

13.1.1 Purpose of Personal Protective Equipment (PPE)
The following figure highlights different types of protections that PPE provide:

Skin
Protection

•The most common type of occupational diseases are related to skin and
their treatment is expensive.
•Skin damage may be due to severe cuts, punctures, burns, abrasions or
extreme temperatures.
•Any form of PPE acting as a barrier between the skin and agent of
exposure is considered a skin protector.
•Gloves are an essential PPE for skin protection; for example, heat resistant
gloves, cut-resistant gloves and chainsaw gloves.

Eye
Protection

•Example of eye injury is when solid particles such as wood chips, cement,
metal slivers or sand get into the eye.
•Smaller and larger particles in smoke, such as broken glass, also account
for particulate matter causing eye injuries.
•Goggles provide better protection than safety glasses and are effective in
preventing eye injury from situations such as a dusty environment,
chemical splashes and welding.

Hearing
Protection

•Industrial noise is an occupational hazard, though it is not visible to the
eye.
•About 82% of occupational hearing loss cases occurs to workers in the
manufacturing sector.
•Hearing protection must be used whenever an employee's noise exposure
exceeds an 8-hour time-weighted average (TWA) sound level of 90 dBA.
Noise levels above 115 dBA always require control measures.
•PPE for hearing protection consists of earplugs and earmuffs.

Foot
Protection

•It may be due to exposure of foot to heavy objects such as barrels or tools
that might roll onto or fall on employees' feet, sharp objects such as nails
or spikes that might pierce ordinary shoes and molten metal that might
splash on feet; it may be due to hot, wet or slippery surfaces.
•Safety shoes have impact-resistant toes and heat-resistant soles and may
be electrically conductive for use in explosive atmosphere or
nonconductive for protection from electrical hazards.

Fig. 13.1.1: Types of protection
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PPE are essential to avoid any electrical, heat or physical hazard. A PPE may not eliminate a
particular hazard from occurring but it avoids an employee from being exposed to it.
PPE are specially made to protect workers from the following:
•
•
•
•

Injuries caused by impacts of electricity
Electrical hazards
Heat and chemicals
Other occupational safety hazards

The following figure lists the components of PPE:
•

Rubber Gloves:
Flame Proof
Aprons:
Helmets/Hard Hats:
Ear
Defenders/Plugs:
Safety Boots:
Knee Pads:
Particle Masks:
Glasses/Goggles:

•To protect hands from hazardous and chemical substances
•To protect body from any burn in case of fire
•To protect head from any falling components and in case of
a fall from a height
•To protect ears from loud noise created while working
•To protect feet from sharp edged material
•To protect knees from damage in case of a fall
•To prevent any gaseous substance from entering into body
through inhalation
•To protect eyes from outside particles and dust

Fig. 13.1.2: Components of PPE

PPE also include the following items:
• Buttoned to neck, cuff-less (without folds) shirts
• Trousers
• Reinforced footwear
• Cap and shoulder covers
Protective clothes refer to clothing designed specially to protect workers from potential
hazards. Lab coats and ballistic vests worn by scientists and law enforcement officials
respectively also fall under this category. The different items of the PPE can either be worn
individually or in complete sets.
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The following image lists the PPE used at a workplace:

Fig. 13.1.3: PPE at a workplace

PPE is the last measure of control when the exposure of a worker to the safety hazards
cannot be eliminated by feasible work practices or engineering control.
The following figure lists some responsibilities of an employer and the employees regarding
use of PPE:
Responsibilities of employer

Responsibilities of employee

• Assess hazards at the workplace
• Provide PPE
• Determine the use of the PPE
• Ensure protective helmet for
employees at all times to avoid head
injuries

• Use PPE as per the instructions
received in the training
• Inspect condition of PPE regularly
• Maintain PPE and keep it in a
clean/reliable condition

Fig. 13.1.4: Responsibilities regarding PPE
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UNIT 13.2: Safety Measures for Electrostatic Discharge
(ESD)
Unit Objectives
At the end of this unit, you will be able to:
1. Explain electrostatic discharge (ESD)
2. List the causes of ESD
3. Identify the safety measures for ESD

13.2.1 Electrostatic Discharge (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
arise as it can cause damage to the electronic devices and components.
ESD can cause harmful effects in electronic industry, that include fuel vapour, gas, and coal
dust explosion. This can also cause failure of solid state electronics components; for
example, integrated circuits. These components can be permanently damaged due to high
voltages. Therefore, the Electronics manufacturers establish electrostatic protective areas
(EPA) that are free of static, using ESD preventing measures. Following labels are commonly
used to warn workers/ visitor to prevent ESD damage:

Fig. 13.2.1. ESD warning labels
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13.2.2 Causes of ESD
The following figure represents some causes of ESD:
Movement of
air

Human
negligence

Use of
synthetic
materials

Absence of
electrostatic
wrist strap

Improper
grounding

Causes of ESD

Unshielded
cables and
components

Fig. 13.2.2. ESD causes

13.2.3 ESD Protection
There are many ways in which ESD protection can be implemented. These can broadly be
grouped into the following main areas:
•
•
•
•

Provide ESD protection at circuit and assembly design
Build and test equipment in an EPA
Store components in an ESD controlled area
Introduce an ESD control process
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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
it's body and not by the pins.

Hold the printed circuit board or
PCBby it's 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. 13.2.3. ESD prevention guidelines

ESD Protected Area (EPA)
The key purpose of an EPA is that the area provides an environment with measures of
minimising any ESD build-up. If ESD occurs, it can dissipate it quickly without getting
discharged through any electronic component.
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The following figure lists the measures used within an EPA:

ESD
environment

ESD
workbench
and
ancillaries

ESD storage
and
transport
EPA measures

ESD clothing

ESD tools

Fig. 13.2.4. Measures used within an EPA

Safety measures used for ESD Protection
The following figure lists the safety measures used for ESD protection:
The best method of preventing ESD is to use an ESD wrist strap,
grounding mat, or grounding workbench.

Make sure that you and the electronic product are at zero potential by
continuously touching an un-painted metal surface of the chassis or
the computer power supply case.

Make sure not to wear any clothing that conduct an electrical charge,
such as a wool sweater.

You should be standing on a hard surface, and the computer or other
electrostatic sensitive device should be on the table.

Fig. 13.2.5. Safety measures used for ESD protection
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ESD tools:
The following figure displays the tools used for ESD protection:

ESD Strap

Antistatic Bag

Antistatic Wrist
Band

ESD Appron

Antistatic Mat

Antistatic Bins

ESD Slippers

Antistatic Work
Station

Antistatic Gloves

Fig. 13.2.3. ESD tools

ESD environment: One of the key elements of an EPA
is the overall environment of t
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14. Organisational
Structure

Unit 14.1 – Organizational Context
Unit 14.2 – Waste Management
Unit 14.3 – Reporting and Documentation
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Identify the work department and work role
2. Follow company policies and rules
3. Define waste segregation
4. Identify the need for E-waste management
5. Identify the need for documentation
6. Demonstrate the process of escalating the incident report to supervisor
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UNIT 14.1: Organizational Context
Unit Objectives
At the end of this unit, you will be able to:
1. Identify the work department and work role
2. Follow company policies and rules

14.1.1 Understanding Organizational Context
There are set rules and regulations within an organization which an employee needs to
follow. These outline responsibilities of both the employers and the employees. The
following figure explains what working in an organization requires you to ensure:
Follow the company's policies and rules

Follow the reporting hierarchy

Follow your role as defined in the workflow

Follow the documentation process

Fig. 14.1.1: Organizational context

Company's Policies and Rules
If the company’s policies and rules are not defined clearly, then the employees may not
comply with the disciplinary standards wholeheartedly.
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The following figures are a few examples of rules and regulations in an organization:

Conduct of an
Employee

Equal rights of
employees

Attendance/Time
off

No substance
abuse

Fig. 14.1.2: Common company policies

An EMS technician should perform his job role in accordance with the following work policies:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Setting up the equipment and supplies before carrying out the job orders.
Operating equipment safely and effectively.
Ensuring that the tools and equipment are maintained.
Inspecting the equipment to identify any replacements, malfunctions and repairs required.
Performing timely equipment maintenance for better production capacity and quality.
Helping junior technicians with their assigned responsibilities.
Repairing and cleaning the tools and equipment when needed.
Working under the guidance of the superiors to perform and complete task timely and
efficiently.
Evaluating tools and equipment and recommend improvements.
Operating required industrial vehicles to transfer the equipment between warehouse and
working area.
Following safety procedures, guidelines and company policies for equipment operation.
Recommending process improvements for enhancing operational eﬃciency and safety.
Contributing to waste management programs.
Identifying and reporting risks and unsafe operations to the Supervisor immediately.

15. Maintaining clean and safe work area clean.
Workplace Safety Measures
These are certain guidelines that must be followed to ensure your own safety, and that of
your co-workers. These guidelines provide an EMS technician a sound, safe and flexible
environment to work.
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The following figure represents the general guidelines to be followed at workplace:

Always follow the correct
procedures to ensure
zero accidents at work.

Always follow the correct
wiring diagram.

Obey safety signs,
stickers and tags on the
control panel.

Always use an
appropriate tool for the
respective task.

Never leave any running
panel unattended.

Always read labels and
instructions given on the
components.

Always wear appropriate
clothing and remove
metal objects before
working.

Use prescribed
protective safety
equipment only.

Always follow Electrical
Safety Rules when
working with electrical
machinery/equipment.

Report all unsafe acts or
unsafe conditions to
your supervisor.

Fig. 14.1.3. Safety guidelines
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UNIT 14.2: Waste Management
Unit Objectives
At the end of this unit, you will be able to:
1. Define waste segregation
2. Identify the need for E-waste management

14.2.1 Waste Segregation
The urban population in cities is expanding at exponential rate resulting in a similar increase
in the amount of waste generated. The proper segregation and disposal of waste is a critical
requirement today. If the waste is not disposed of properly, it can lead to lot of
environmental and health problems. Waste can be broken down into following types:

Organic waste

Plastic waste

Tins and metals

Paper waste

Glass waste

Fig. 14.2.1: Types of waste

Waste management begins with segregation of waste at source. After the waste has been
segregated, the plastic and electronic waste should be sent for recycling along with the
hazardous waste. This will ensure that the waste is adequately treated, and the customer’s
premises is clean and safe.
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To facilitate waste segregation, different types of dustbins are used. The following figure
shows waste segregation:

Fig14.2.2: Waste segregation

Electronic Waste (E Waste)
The term e-waste stands for electronic waste generated during the assembling and
soldering processes. Due to the presence of toxic heavy metals such as mercury and lead
and corrosive chemicals, it is dangerous to dispose of e-waste improperly. When e-waste is
disposed of in common trash, it ends up in a landfill. The chemicals then seep into the
surrounding groundwater and cause serious harm to people and environment.
E-waste management includes the three r’s of waste management - reduce, reuse and
recycle.
An EMS technician should follow these three principles of e-waste management. He should
ensure that the waste is disposed of properly and in the correct containers.
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UNIT 14.3: Reporting and Documentation
Unit Objectives
At the end of this unit, you will be able to:
1. Identify the need for documentation
2. Demonstrate the process of escalating the incident report to supervisor

14.3.1 Documentation
Right documentation can make a lot of the difference in getting quick resolutions. To achieve
this, certain steps need to be taken as shown in the following figure:
Document every complaint

Document common problems

Make documentation an on-going process
Fig. 14.3.1: Steps for documentation

14.3.2 Informing Incidents to Relevant Authorities
Reporting any accident or hazard to the supervisor is very important. A security system
installation technician should know the reporting procedure.

TIP
Incident reporting procedure is a procedure for reporting incidents. It is essential so that the
near misses/accidents/dangerous occurrences/occupational diseases do not go unnoticed
and preventive measures can be taken to prevent similar recurrences.
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The following figure lists the common types of incidents/remedial measures at a work area:
Dangerous Occurrence
Any occurrence that poses a threat to the
safety of people at a workplace and includes
imminent risk of death or serious injury to
someone

First Aid
The provision of initial care for an illness or
injury and is usually performed by a nonexpert but trained personnel to a sick or
injured person until definitive medical
treatment can be accessed

Hazard
A source/situation that is potentially a harm
in terms of human injury or ill-health,
damage to property, damage to the
environment or a combination of these

Hazard Identification
The process of recognizing that a hazard
exists and defining its characteristics

Illness
Any physical or mental ailment, disorder,
defect or morbid condition, which can be of
sudden or gradual development. It also
includes the aggravation, acceleration,
exacerbation or reoccurrence of any preexisting disease

Injury

Incident
Any unplanned event resulting in or having a
potential for injury, ill health, damage or
other loss

Lost Time Injury

Any physical or mental damage to the body
caused by exposure to a hazard

A work related injury which results in a
person being absent from work for at least
one full shift

Medical Treatment Injury

Near Miss

A work related injury which results in
treatment provided by a qualified health
professional

An incident that does not produce an
injury or disease but has the potential to
do so

Risk

System Failure

The likelihood and consequence of the
occurrence of an injury or harm

Systematic processes that fail to manage a
task, an activity, a process or a problem

Fig. 14.3.2: Types of incidents to be reported to a supervisor
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14.3.3 Escalate Issues
Escalation is a formal process which highlights an issue to the senior authorities as per the
escalation process defined for the hierarchy. For example, if a technician is not able to
perform some work, then the person should escalate the issue to the superior for the
resolution of the problem. The following figure shows examples of cases requiring
escalation:

Repetitive machine failures and any other similar problems

Potential hazards

Process disruptions

Repairs and maintenance of machines

Fig. 14.3.3: Cases for which escalation needs to be done

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. 14.3.4: 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. 14.3.5: Some key considerations regarding issue escalation

Escalation Matrix
The escalation matrix allows a technician to easily identify the way to contact or report to
the concerned person or authority when there is a tie between different types of issues that
need to be escalated. Some of the key features of the escalation matrix are as follows:
•
•
•
•

The escalation levels are based on hierarchy of the organisation.
The escalation matrix informs the right way to handle any issue in all the possible cases.
Multiple matrices can be defined for various types of customers or services.
A matrix also tells the right way to escalate an issue.
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The following figure lists the incident reporting procedure:
An employee who
encounters a near miss or an
accident should report the
incident to his/her superior
immediately.

If the employee is injured,
the concerned superior
should ensure the injured is
rendered first aid and sent to
a clinic/ hospital for
treatment, if necessary.

If the employee is
amputated, his/her bleeding
should be controlled at once.
Then an ambulance should
be called at Tel: 102.

The superior should
immediately inform the
human resources
department, then conduct an
investigation of the accident
by interviewing injured
and/or witness (es).

The concerned department
has to implement the
preventive measures
accordingly. Operation or
machine involved may need
to be suspended/stopped if
the situation warrants.

The accident statistics chart
should be updated till the
occurence of the last
accident.

Fig. 14.3.6: Incident reporting procedure
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