
Sector

Telecom

Sub-Sector

Handset 

Occupation

Communication Electronics

Reference ID: TEL/Q2502, Version 5.0

NSQF level 3

Line Assembler ï

Telecom Products



This book is sponsored by

Telecom Sector Skill Council

Estel House,3rd Floor, Plot No: - 126, Sector-44 

Gurgaon, Haryana 122003

Phone: 0124-2222222

Email: tssc@tsscindia.com 

Website: www.tsscindia.com

All Rights Reserved

First Edition, September 2025

Under Creative Commons License: CC BY-NC-SA

Copyright © 2025

Attribution-Share Alike: CC BY-NC-SA

Disclaimer

The information contained herein has been obtained from sources reliable to Telecom Sector Skill

Council. Telecom Sector Skill Council disclaims all warranties to the accuracy, completeness or 

adequacy of such information. Telecom Sector Skill Council shall have no liability for errors, 

omissions, or inadequacies, in the information contained herein, or for interpretations thereof. Every 

effort has been made to trace the owners of the copyright material included in the book. The 

publishers would be grateful for any omissions brought to their notice for acknowledgements in 

future editions of the book. No entity in Telecom Sector Skill Council shall be responsible for any loss 

whatsoever, sustained by any person who relies on this material. The material in this publication is 

copyrighted. No parts of this publication may be reproduced, stored or distributed in any form or by 

any means either on paper or electronic media, unless authorized by the Telecom Sector Skill 

Council.

ii

mailto:tssc@tsscindia.com
http://www.tsscindia.com/


Skilling is building a better India.
If we have to move India towards 

development then Skill Development 
should be our mission.
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Welcome to the ά[ƛƴŜ Assembler - Telecom tǊƻŘǳŎǘǎέ training programme. This PHB intends to 

facilitate the participants with detailed knowledge about the concept of Telecom industry, 

Communication Electronics profession and their functioning. This Participant Handbook is 

designed based on the vǳŀƭƛŬŎŀǘƛƻƴ Pack (QP) under the National Skill vǳŀƭƛŬŎŀǘƛƻƴ framework 

(NSQF) and it comprises of the following National Occupational Standards (NOS)/ topics and additional 

topics.

1. TEL/N2506 (Preparing workspace for assembly operations)

2. TEL/N2507 (Assembly operations in production line)

3. TEL/N2510: Assembly of Mobile Phone Accessories

4. TEL/N2508 (ESD safe procedures and practices)

5. TEL/N9107: Follow sustainability practices in telecom production and assembly line processes

6. DGT/VSQ/N0101: Employability Skills (30 Hours)

We trust this Participant Handbook will ƻũŜǊ strong learning support and help budding 

professionals carve out engaging and rewarding careers in India's dynamic telecom industry.

About this book

!

Symbols Used
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By the end of this module, the paricipants will  be able to:

Key Learning Outcomes

1. Explain the procedures and standards for conducting telecom store counter operations.

2. Demonstrate professional customer interaction techniques to enhance service quality and sales.

3. Apply correct transaction processing methods in line with company policies and telecom 
regulations.

4. Describe visual merchandising principles, stock management procedures, and grooming standards.

5. Record and report sales, stock movements, and customer feedback accurately.



UNIT 1.1: Introduction to the sector and the job role of a Line 
Assembler - Telecom Products 

Unit Objectives
By the end of this unit, the participants will be able to:

LƴŘƛŀΩǎtelecom sector is one of the largest in the world, both in terms of subscriberbase and
infrastructure. It plays a pivotal role in enabling digital communication,powering industries, and
connectingremote andurbanareasalike. Asof 2025, India is advancingrapidly in 5Gdeployment,fiber
opticexpansion,IoTinfrastructure,andsatellitecommunicationnetworks.

With initiativessuchasDigital India,Make in India,and PLI(ProductionLinkedIncentive)schemes,the
telecommanufacturingecosystemis seeingrapid localization. Domesticmanufacturingandassemblyof
telecomequipmentτrangingfrom mobilehandsetsandroutersto 5Gradiosandoptical fiber cablesτis
on the rise. Thisgrowth is creatinga significantdemandfor skilled professionalsin telecom product
assembly. We needto build andusea lot of equipmentlike mobile towers,specialinternet boxes,and
fiber opticcables.

Insteadof buyingall this equipment from other countries,India isnow:

Line Assembler - Telecom Products
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1. Explainthe significanceof the telecom sector in the manufacturingand assemblyof telecom
products.

2. Elucidatethe keyskillsandtechnicalexpertiserequiredfor a LineAssembler- TelecomProducts.

3. Describethe challengesfacedin assemblingandtestingtelecomequipment.

4. Determinethe impactof precisionandqualitycontrol in telecomproductassembly.

5. Discussthe rolesandresponsibilitiesof a LineAssembler- TelecomProductsin ensuringefficient
production.

1.1.1 Telecom Sector 

Fig. 1.1.1: Telecom Sector Market Size
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1. Imagineyou want to talk to your friend acrossthe city, or watch a videoonline. Youneeda phone,
andyour phoneneedsto connectto a network. Thatnetwork ismadeup of manypiecesof equipment
ςfrom the antennason mobiletowersto the cablesrunningunderground.
Here'swhy makingthesetelecomproductsin India is soimportant:
Å Lotsof Demand(PeopleNeedIt!): Billionsof peoplein India usephonesand the internet. Every

time someonebuys a new 5G phone or gets a faster internet connection,more equipment is
needed. Thiscreatesa hugedemandfor factoriesto build theseproducts.

Å CreatesJobs(YourJob!): Whenfactoriesbuild telecomproducts,they needworkersςpeoplelike
you! Thismeansmore jobsfor assemblers,testers,qualitycheckers,andmanyothers. It alsohelps
other businessesthat supplypartsto thesefactories.

Å MakesIndiaStronger(No More Waiting!): If we canbuild our own telecomequipment,we don't
haveto wait for other countriesto sendit to us. ThismakesIndia independentand readyfor any
challenge. It's likebuildingyourown houseinsteadof alwaysrenting.

Å New Ideasand Technology: When we build things ourselves,we learn how to do it better and
sometimescomeup with new,evensmarterwaysto makethings. Thishelpsour technologygrow.

Å WeCanSellto Others(Export!): If we getgoodat makingtelecomproducts,we canevensellthem
to other countries,bringingmoremoneyinto India.

1.1.2 Telecom Manufacturing Importance      

2. SkillsRequiredto be LineAssemblerfor TelecomProducts

As a LineAssembler,you are like a builder of electronicparts. Youneed to be careful, focused,and

havecertainskills.

Hereare the keyskillsyou will need:

ω Understandingthe Basics(KnowingYourParts):

o Knowingthe Components: Youneedto learnto identify different smallelectronicparts like

resistors,capacitors,andconnectors. Theymight looksimilar,but eachhasa specificjob.

o UsingTools: Youwill usehandtools like screwdrivers,pliers,wire cutters,andmaybeeven

solderingirons. Youneedto usethem correctlyandsafely.

o ReadingInstructions: You will get instructions,often with pictures, showingyou exactly

whereeachpart goes. Youmustbeableto readandfollow thesecarefully.

ω BeingCarefulandAccurate(Precision):

o SteadyHands: Manypartsaretiny, soyouneedsteadyhandsto placethemcorrectly.

o Attention to Detail: Youmust notice small thingsςlike if a part is slightly bent or in the

wrongplace. Missingtiny detailscancausebigproblemslater.

ω CaringAboutQuality(Doingit Rightthe FirstTime):

o FollowingRules: Youmust alwaysfollow the stepsand rulesgivenfor assembly. Don't take

shortcuts!

o CheckingYourWork: After you finisha step,quicklycheckif you'vedoneit correctlybefore

movingon. Thishelpscatchmistakesearly.

ω SolvingSmallProblems(If SomethingGoesWrong):

o SpottingIssues: If a part doesn'tfit or lookswrong,youneedto spotit.

o TellingYourSupervisor: Whenyou find a problem,youmust tell yoursupervisorsothey can

helpfix it.

ω Workingwith Others(Teamwork):

o HelpingEachOther: You'll be part of a team on the assemblyline. Sometimesyou might

needto helpa teammateor askfor help.

o ClearTalking: If youfind a problemor needsomething,tell yoursupervisorclearly.
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ω BeingSafe(YourSafetyFirst!):

o Following Safety Rules: Always follow safety rules when using tools or working near

machines.

o ESD(Electro-StaticDischarge)Safety: Thisis very important! Someelectronicpartsare very

sensitiveto static electricity from your body (like when you rub your feet on a carpetand

get a smallshock). Youwill learnhow to wearspecialwrist strapsor clothesto preventthis

from damagingthe parts.

Fig. 1.1.2: Various hard skills needed to do line assembling work better

3. Challengesin AssemblingandTestingTelecomEquipment

Eventhough it's an exciting job, assemblingand testing telecom equipment can have its difficulties.

Knowingthemhelpsyoube prepared!

ω TinyParts,BigJobs: Telecomproductsare gettingsmallerandsmaller,but they do more things.

Thismeansthe parts insideare very tiny and packedcloselytogether. It's like building a very

small,complicatedmachine.

ω Many Different Parts: A singletelecom product can have hundredsor thousandsof different

typesof smallelectronicparts. Rememberingandplacingeachonecorrectlyisa challenge.

ω StaticElectricity(ESD): Asmentioned,static electricity canbe a big problem. Evena tiny static

shockfrom your fingercandamagea sensitiveelectronicchipwithout you evenknowingit. This

iswhy followingESDrules(wearingwrist straps,workingon specialmats)iscrucial.

ω Heat Management: Phonesand network equipment can get hot when they work. During

assembly,you might need to makesure parts that get hot haveproper coolingattached,like

specialpadsor smallmetal pieces(heatsinks). If not donecorrectly,the productmight overheat

andstopworking.

ω RadioSignals(RF): Telecomequipmentdealswith radio signals(likeWi-Fior mobilesignals). The

way you put parts together can affect how well these signalswork. So,being preciseis very

important for the productto functioncorrectly.

ω CleanlinessMatters: Dustor dirt candamagesensitiveelectronicpartsor blockconnections. The

assemblyareaneedsto bekept veryclean.

ω CheckingEverything(TestingisHard!): After assembly,everyproductneedsto be testedto make

sureit worksperfectly. Thisinvolvesmanydifferent typesof testsςcheckingif it turns on, if the

signalsare strong, if it canconnectto the internet, and if it canhandledifferent temperatures.

Thistestingcanbecomplexandtakestime.

Line Assembler - Telecom Products
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ω Softwareand Hardware: Modern telecom products also have computer programs(software)

insidethem. After you assemblethe hardware,someoneneedsto load and test the software,

whichaddsanotherlayerof complexity.

4. Importanceof PrecisionandQuality

Imagineyour phonedropscallsall the time, or your internet is alwaysslow. You'dbe unhappy,right?

Thisiswhy precision(beingexactlyright) andqualitycontrol (makingsureit's perfect)aresoincredibly

important in telecomproductassembly. It's not just aboutbuildingit; it's aboutbuildingit right.

Here'swhy they aresovital:

ω ProductsWorkBetterandLastLonger:

o ClearSignals: If parts are assembledprecisely,your phone calls will be clear, and your

internet will be fast. If not, signalscanbe weakor drop.

o Don't BreakEasily: Productsbuilt with highquality last longer. Theydon't breakdownoften,

meaningfewer repairsandlessfrustrationfor the user.

ω HappyCustomers,GoodReputation:

o People Trust the Brand: When products are good, customersare happy and trust the

company. Theywill buy from that companyagainandtell their friendsabout it.

o BadNewsSpreadsFast: If productsare low quality,peoplewill complain,andthe company's

reputationwill bedamaged.

ω SavesMoneyfor the Company:

o LessWaste: If you build it right the first time, fewer productswill be thrown awayor need

to be fixed,whichsavesmoney.

o FewerRepairs: If productsdon't breakoften, the companydoesn'thaveto spendmoneyon

fixingthem or replacingthem for customers.

o Smooth Production: When everyone works precisely, the assemblyline runs smoothly

without constantstopsto fix mistakes.

ω MeetsRulesandRegulations:

o SafetyFirst: Telecomproductsmust meet strict safety rules set by the government. Good

qualitycontrolensurestheserulesaremet,preventingaccidentsor fines.

ω StaysAheadof Competition:

o Better ThanOthers: In a marketwith manycompanies,the one that makesthe bestquality

productswill attract morecustomersandbe moresuccessful.

5. RoleandResponsibilitiesof a LineAssembler

Asa LineAssembler,youarea criticalpart of the productionteam. Youractionsdirectlyaffecthow fast

andhow well productsaremade.

Hereareyour main rolesandresponsibilities:

ω PuttingPartsTogetherCorrectly:

o ExactPlacement: Your most important job is to put eachpart in its exact correct place,

followingthe instructionsperfectly.

o Proper Connections: Making sure all wires are connectedproperly, and all screwsare

tightenedjust right.

o CarefulHandling: Handlingsensitivecomponentswith careto avoiddamage.
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Fig. 1.1.3: Facility of Line Assembling work station

ω FollowingInstructionsEveryTime:

o No Shortcuts: Alwaysfollow the StandardOperatingProcedures(SOPs)ςthese are the

officialstep-by-stepguides. Don't try to guessor skipsteps.

o Consistency: Everyproductyouassembleshouldbe madeexactlythe sameway.

ω CheckingYourOwnWork(BeYourOwnQualityChecker!):

o VisualCheck: After you finish a step, quickly look at your work. Does it look right? Is

anythingmissing?

o Spotting Problems: If you see a part that looks damaged,or something is not fitting

correctly,report it immediately. Don't try to fix somethingyou'renot trainedfor.

o Keepingit Clean: Makesureyourworkstationandthe productarefree of dustor debris.

ω UsingToolsProperly:

o RightTool,RightJob: Usethe correcttoolsfor eachtask.

o Carefor Tools: Takecareof your tools. Reportif a tool isbrokenor not workingwell.

ω KeepingRecordsandTalkingClearly:

o FillingForms: Youmight needto fill out simpleformsto recordwhat you'veassembledor if

youfoundanyissues.

o SpeakingUp: If you find a problem,or if you're not sureabout something,speakclearlyto

yoursupervisoror the qualitycontrol team. Don'tstayquiet!

ωWorkingSafely:

o YourSafetyFirst: Alwayswear your safetygear (like glovesor safetyglasses,if required)

andfollow all safetyrulesin the factory.

o CleanWorkspace: Keepyourwork areaneatandtidy to preventaccidents.

Line Assembler - Telecom Products
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UNIT 1.2: Fundamentals of Electronics

Unit Objectives
By the end of this unit, the participants will be able to:

1. Evaluate the fundamentals of electronics

2. Demonstrate the basics of electronic circuit

1.2.1 Fundamentals of Electricity
Defining Electricity:

In the modern world, electricity is essential for the functioning of computers, cell phones, lights, air 
conditioners, soldering irons, etc. Escaping electricity is impossible because it occurs naturally, from 
lightning to human bodies.

Electricity is a natural phenomenon that comes in various forms. Electricity is the movement of electric 
charge.

Fig 1.2.1: Electric bulb: an example of electronic product used in daily life

Concept of current and voltage:

All basic electrical or electronic circuits consist of three different, but very much related electrical 
quantities which are:

ω Voltage, (v),

ω Current, (i) and

ω Resistance όʍύ

Line Assembler - Telecom Products

9



Electrical Voltage:

Fig 1.2.2: An analogy between energy lift  and electronic circuit

Voltage, (V) is defined as the potential energy of an electrical supply accumulated in the form of 
electrical charge. Voltage can be perceived as the force that pushes electrons through a conductor and 
the higher the magnitude of voltage, the greater is its strength to άǇǳǎƘέ the electrons through a circuit.

What are joules?

A άWƻǳƭŜέ is a standard unit of work or energy in the International System of Units (SI), which denotes 
the work done by one-Newton force when its point of application moves through one-meter distance 
along the direction of the force. One joule is equal to 107ergs and one watt-second. It is also called 
Newton-meter.

The difference in voltage between the terminal points, junctions or connections in a circuit is called the 
Potential Difference (also known as the Voltage Drop).

The potential difference between two nodes is measured in the unit Volts (symbol ά±έ or άǾάύ

A constant source of voltage is called a DC (Direct Current) voltage while a voltage that keeps on varying 
periodically is known as an AC (Alternating Current) voltage. Batteries or other power supplies are used 
to generate a steady D.C. voltage source such as 5v, 12v, 24v, etc. in systems and electronic circuits. 
While A.C. voltage sources are available for industrial power, domestic house and power transmission 
as well as lighting.

What is an Ohm?

(The ohm is the standard unit of electrical resistance in the International System of Units (SI). Ohms 
are also used, when multiplied by imaginary numbers, to denote reactance in alternating-current (AC) 
and radio-frequency (RF) applications. Reduced to base SI (Système international) units, one ohm is the 
equivalent of one kilogram meter squared per second cubed per ampere squared (1 kg times m 2 ω s -3
ωA -2 . The ohm is also the equivalent of a volt per ampere (V/A))

Generally circuits operate on low voltage DC battery supplies. The circuit symbol for a DC voltage source 
usually given as a normal battery symbol.

Participant Handbook
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Voltage Symbols

Fig 1.2.3: Symbols associated to an electronic circuit

Electric Current

Fig 1.2.4: An example of electronic circuit

Electrical Current (I) is the flow of electric charge. Electrical current is measured in the unit Amperes 
(symbol i). It is the constant and uniform flow of electrons around a circuit which are pushed by the 
voltage source. In reality, electrons flow from the negative terminal to the positive terminal of the 
circuit. The current flows opposite to the flow of electrons.

Typically in circuit a diagram, the flow of current is usually represented by an arrow associated with the 
symbol, I to indicate the current flow direction.

Conventional Current Flow

Fig 1.2.5: How current flows conventionally

Line Assembler - Telecom Products
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Alternating Current (AC) Direct Current (DC)

Amount of energy 
that can be carried

Can deliver more power and is safe 
for long-distance transfer

DC voltage starts losing energy 
while travelling far

The direction of 
electron flow

Rotating magnetism, which can be 
found along and throughout the 
wire

Steady magnetism, which can be 
found along and throughout the 
wire

Frequency Ranges between 50-60Hz (country- 
specific)

NIL

Direction Reversed Unidirectional

Current Time-dependent Constant and independent of 
changes in time

Flow of Electrons Enables both backward and 
forward directions of electrons; 
the electrons keep on switching 
between backward and forward 
directions

Enables only the forward direction 
of electrons

Obtained from The main power supply and AC 
generator

Battery or cell

Passive Parameters Only impedance Only resistance

Power Factor Ranges between 0-1 Always equal to 1

Types Sinusoidal, triangular, trapezoidal 
and square

Pulsating and pure

Direction of flow of 
electrons

Bidirectional Unidirectional

Polarity Has polarity (+ OR -) Does not have polarity

Type of load Their load is resistive, inductive or 
capacitive.

Their load is usually resistive in 
nature.

Convertible Easily convertible into direct current Easily convertible into alternating 
current

Substation Only a few substations are needed 
for transmission and generation

A higher no. of substations are 
needed for transmission and 
generation

Hazardous Dangerous Very dangerous

Application Factories, Industries and for 
domestic purposes

Electroplating, Electrolysis, 
Electronic Equipment, etc.

Fuses

Fuses are used in electronic circuits to protect them from electric overload. They have a protective 
function.

Participant Handbook
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A fuse is made of a low resistance metallic wire placed in a non-combustible material. In the event of 
a short circuit, over current or mismatched load connection, the thin wire inside the fuse melts. This 
is caused by the heat generated by the heavy current flowing through it. The electrical system, which 
supplies current, must be disconnected from the power supply. The regular operation of the system, 
connected to the power supply, is not hampered by fuses. The commonly available types of fuses are: 
AC fuses and DC fuses.

Resistance

Resistance, (R) is the property of a material to prevent or resist the flow of current, specifically, the flow 
of electric charge within a circuit. The circuit element which performs this is called the Resistor.

hƘƳόʍΣ Omega), the unit of Resistance, comes with prefixes used to denote Kilo-ohms ( 1 ƪʍ = 103ʍ )
and Mega-ohms ( 1 aʍ = 106ʍ ). Resistance cannot be negative in value, it is always positive.

Fig 1.2.6: Resistor Symbols

The amount of resistance is controlled by the relationship of the current flowing through it to the amount 
of voltage across it, which decides whether the circuit element has low resistance or high resistance. 
Low resistance circuit is a good conductor made from materials like aluminium, copper, or carbon while 
a high resistance circuit is a bad conductor comprises insulating materials such as porcelain, plastic or 
glass.

The relationship between current and voltage in a constant-resistance circuit would generate a straight 
line i-v relationship with slope equal to the resistance value as depicted in the figure below:

Fig 1.2.7: The relationship between Voltage, Current and Resistance

Line Assembler - Telecom Products
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The three units can be summarized as:

ω Voltage or potential difference is the measure of potential energy between two points in a circuit
and is commonly referred to as its άǾƻƭǘ ŘǊƻǇέ

ω When a voltage source is connected to a closed loop circuit the voltage will produce a current 
flowing around the circuit

ω In DC voltage sources the symbols +ve (positive) and -ve (negative) are used to denote the polarity 
of the voltage supply

ω Voltage is measured in ΨΨ±ƻƭǘǎέ and has the symbol ΨΨ±έ for voltage or ΨΨ9έ for energy

ω Current flow is a combination of electron flow and whole flow through a circuit

ω Current is the continuous and uniform flow of charge around the circuit and is measured in
ά!ƳǇŜǊŜǎέ or ά!ƳǇǎέ and has the symbol άLέ

ω Current is directly proportional to voltage

ω The effective (rms) value of an alternating current has the same average power loss equivalent to a 
direct current flowing through a resistive element

ω Resistance is the opposition to current flowing around a circuit

ω Low values of resistance imply a conductor and high values of resistance implies an insulator

ω Current is Inversely Proportional to Resistance ( I 1/  ́R )

ω Resistance is measured in άhƘƳǎ άŀƴŘ has the Greek symbol άʍέ or the letter άw ά

Resistor Symbols

Resistor [IEEE] (Institute of 
Electrical and Electronics 

Engineers)
Resistor - decreases the flow of 

current

Resistor [IEC] (International 
Electro Technical Commissions)

Potentiometer [IEEE]

Adjustable resistor (with three 
terminals)

Potentiometer [IEC]

Variable Resistor /  Rheostat 
[IEEE]

Adjustable resistor (with two 
terminals)

Variable Resistor /  Rheostat 
[IEC]

Participant Handbook
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Resistor Symbols

Trimmer Resistor This is a pre-set resistor

Photoresistor /  Light dependent 
resistor [LDR]

Changes resistance with 
changes in light intensity

1.1.2 Components of Electronic Circuits and their Functions
Transmitter: Transmitters are instruments that are used to send data as radio waves in a particular band 

of the electromagnetic spectrum to fulfil a specific communication requirement, irrespective of voice 

or general data. To perform this, a transmitter consumes energy from a source and transforms it into 

a radio frequency. When the rapidly changing energy is directed through a conductor, electromagnetic 

waves are radiated outwards to be received by a receptor.

A transmitter comprises:

ω Power supply τ Power supply is an energy source used to power on the device and create energy 
for broadcasting.

ω Electronic oscillator τ Electronic oscillator produces a wave known as the carrier wave where data 
is imposed and borne through the air.

ω Modulator τ Modulator adds the actual data to the carrier wave by varying some aspects of the 
carrier wave.

ω RF (Radio Frequency) amplifier τ RF amplifier raises the signal power to augment the range where 
the waves can reach.

Fig 1.2.8: Block diagram of transmitter and receiver
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Bridge rectifiers:

Evolution of rectifiers

Rectifiers can be broadly classified into three types:

ω Bridge rectifier

ω Half-wave rectifier

ω Centre-tapped full-wave rectifier

The above rectifiers have a common aim of converting Alternating Current (AC) into Direct Current (DC).

In half wave rectifier, only a half cycle is permitted while the other half is blocked. As an outcome, almost 
half of the applied power is wasted. The output voltage or current produced by half wave rectifier is not 
beneficial because it is not purely DC.

Fig 1.2.9: Circuit diagram of half wave rectifier

To overcome the above problem, the centre tapped full wave rectifier is used.

The chief advantage of centre tapped full wave rectifier is that it permits electric current during both 
positive and negative half cycles.

Fig 1.2.10: An illustrated diagram of the flow of current and input-output through full wave rectifier

The centre tapped full wave rectifier has one drawback, that is, the centre-tapped transformer is very 
costly and occupies a large amount of space. To reduce this cost, scientists have developed the bridge 
rectifier.
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In a bridge rectifier, no centre tap is required. If stepping up/down of voltage is not essential, the 
transformer can be removed from it.

The efficiency of a bridge rectifier is almost equal to the centre-tapped full wave rectifier. The only 
benefit of the bridge rectifier over the centre-tapped full wave rectifier is the cost reduction.

In a bridge rectifier, instead of using the centre-tapped transformer, four diodes are used.

Working of Bridge Rectifier

When an input AC signal is applied across the bridge rectifier, during the positive half cycle, diodes D1 
and D3 are forward-biased and allow electric current while the diodes D2 and D4 are reverse biased and 
block electric current. On the contrary, during the negative half cycle, diodes D2 and D4 are forward- 
biased and permit electric current while the diodes D1 and D3 are reverse-biased and hinder electric 
current.

Terminal A becomes positive and B becomes negative during the positive half cycle. This causes the 
diodes D1 and D3 to be forward-biased and simultaneously, it causes the diodes D2 and D4 to be 
reverse-biased.

Fig 1.2.11: Flow of current through Bridge Rectifier

Terminal B becomes positive and A becomes negative during the negative half cycle. This causes the 
diodes D2 and D4 to be forward-biased and simultaneously, it causes the diodes D1 and D3 to be 
reverse-biased.

Integrated Circuits: 

What is IC

Fig 1.2.12: Sample IC (Integrated Circuit)

An integrated circuit (IC), also known as a microchip or chip, is a semiconductor wafer on which tiny 
capacitors, resistors, and transistors are attached. An IC can function as an oscillator, timer, amplifier, 
computer memory, counter or microprocessor.
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Digital ICs come in many different types. The following list shows the ICs used for different applications.

ω Microcomputers, which are ICs that carry out various types of processing

ω Memory, which comprises data-storing ICs

ω Custom logic ICs, which comprise original dedicated circuitry implemented by or for the needs of a 
particular user

Applications and Uses of Integrated Circuits 

The advantages of Integrated Circuits are:

ω Very small size - Hundred times smaller than discrete circuits

ω Lesser weight ς Weight is reduced since a large number of components can be packed into a single 
chip

ω Less cost - The mass production has helped in price reduction

ω High reliability ς The absence of soldered connection, negligible temperature surge, and less no. of 
interconnections, the failure rate is low in ICs

ω Less power requirement ς Power consumption is less since the size is

ω Easy replacement ς Chips are easily replaceable in case of failure

Multiplexer: The multiplexers and demultiplexers are digital electronic devices that are used to 
monitor applications. A multiplexer allows several input signals and generates a single output signal. 
In multiplexing, many embedded system devices share a single bus or transmission line while 
communicating with the device. Each successive device has a brief amount of time to send and receive 
the data.

Fig 1.2.13: Various functions of a multiplexer
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Sensors:

Fig 1.2.14: Sensor

What is a Sensor?

Sensor is a tool that detects the minute variations in physical, electrical or other quantities. It generates 
an output as per the change in the quantity.

Types of sensors and their uses:

Speed Sensor: Sensors used to detect the speed of an object are called Speed sensors. There are various 
types of sensors to detect speed such as speedometers, Wheel speed sensors, LIDAR (Light Detection 
and Ranging), pitometer logs, pitot tubes, ground speed radar, air speed indicators, Doppler radar, etc.

Fig 1.2.15: Speed Sensor

Temperature Sensor

Fig 1.2.16: Temperature Sensor
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An instrument, which provides temperature measurement in the form of an electrical signal, is called 
Temperature sensor. The electrical signal is typically in the form of electrical voltage. There are several 
types of sensors available in the market used for measuring temperature such as:

ω Contact type temperature sensors

ω Non-contact type temperature sensors

PIR Sensor: The electronic sensor used to measure the infrared light radiation exuded from objects in its 
field of view is called a Pyroelectric sensor or PIR (Passive Infrared Sensor) sensor.

Fig 1.2.17: PIR Sensor

Ultrasonic Sensor

Fig 1.2.18: Ultrasonic Sensor

The concept of ultrasonic sensor is to interpret echoes from sound waves or radio to determine the 
attributes of a target by producing the sound waves of high-frequency.

Relays and their types 

What are Relays?

A relay is a switching device used to isolate or convert the state of an electric circuit into another.

Fig 1.2.19: Relays
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Type of Relay Image Function

Electromagnetic Relays

Electromagnetic relays 
comprise electrical, magnetic, 
and mechanical components. 
Furthermore, they comprise 
mechanical contacts and an 
operating coil. The mechanical 
contacts open or close when a 
supply system activates the coil.
This supply system can be DC 
or AC.

AC and DC Relays

The functioning of DC and AC 
relays is based on the principle 
of electrmagnetic induction. 
However, their constructions 
are different and depend on 
their applications. In DC relays, 
the coil is deenergised by a 
freewheeling diode while in 
AC relays, eddy current losses 
are prevented with the help of 
laminated cores.

Attraction Type Relays

Attraction type relays, when 
supplied with DC or AC power, 
attract a metal piece or bar. This 
metal piece or bar can be in the 
form of an armature attracted 
towards electromagnet poles 
or a plunger drawn towards the 
solenoid.

Induction Type Relays

These relays are constructed 
with electrical, mechanical 
and magnetic components, 
and have an operating coil and
mechanical contacts. When the 
coil gets activated by a supply 
system, these mechanical 
contacts gets opened or closed. 
The type of supply can be AC or 
DC.

Magnetic Latching 
Relays

Permanent magnets or high- 
remittance parts are used in 
these relays so that, on removal 
of the coil power supply, the 
armature remains at the same 
point.
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Type of Relay Image Function

Solid State Relays

Solid State relays perform the 
switching operation, with the 
help of solid state components, 
without moving any parts.

Hybrid Relays

Hybrid relays comprise 
electronic components and 
electromagnetic relays.
The output part comprises 
electromagnetic relay while the 
input part comprises electronic 
circuitry, which performs control 
functions and rectification.

Thermal Relays

In thermal relays, the rise 
of the ambient temperature 
above the stipulated limit 
makes the contacts swich
between positions. Primarily 
implemented in protecting 
motors, thermal relays comprise 
control elements as well

as bimetallic elements like 
temperature sensors.

Reed Relays

Reed relays comprise paired 
magnetic strips called reeds, 
which are sealed in a glass tube 
and act as both a contact blade 
and an armature. The reeds 
can be moved by applying a
magnetic field to the coil around 
the tube. Thus, switching 
operations can eb performed.

Registers: The microprocessor is responsible for most of the central processing unit (CPU) functions and 
is triggered when the computer is switched on. Registers are tiny number-storing locations, which are 
used by the microprocessor for performing arithmetic and logic operations.
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1.3.2 Passive Component
Passive components cannot introduce net energy into the circuit. They also cannot rely on a power 
source, except for what is available from the (AC) circuit they are connected to. Consequently, they 
cannot amplify (increase the power of a signal), although they may increase the current or voltage (as 
done by a resonant circuit or transformer). Passive components include two-terminal components like 
resistors, inductors, capacitors, and transformers.

UNIT 1.3: Active and Passive Components

Name of the Component Image Function

Resistor

They resist the flow of electric 
current. The resistance is
measured in Ohms όʍύΦ R=V/I,
where: R=Resistance, V=Voltage 
and I=Current.

Potentiometer
It is a resistor with a tap or 
contact which can be moved to 
change the resistance.

Unit Objectives
By the end of this unit, the participants will be able to:

1. Compare various electronic part

2. Discuss various types of active and passive electronic components

1.3.1 Introduction
Electronics is the field that involves electronic components, circuits, and device characteristics to 
fabricate electronic systems. Electronic components have a number of leads or electrical terminals, 
which connect to fabricate an electronic circuit with a given function (an amplifier, a radio receiver, an 
oscillator, etc.). Components can be classified as passive and active.
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Capacitor

Capacitors store energy in its 
electric field. The capacitance 
is measured in Farads (F).
C=Q/V, where: C=Capacitance, 
Q=Charge and V=Voltage.
Capacitors stop direct current 
flow (DC). They are an open 
circuit to DC.

Variable Capacitor
The capacitance of these 
capacitors can be changed to 
adjust a circuit.

Inductor

Inductors store energy in 
its magnetic field. They are
measured in Henrys (H). L=N

Connector

These connect one part of an 
electric circuit with another. 
Connectors are designed for 
different power levels and signal 
types.

Switch

Switches can be on-off controls 
(single throw) or change the 
connection from one circuit
to another (double throw). 
Complex switches can control 
many circuits at the same time.
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1.3.2 Active Component
Active components depend on a source of energy (usually from the DC circuit). Active components 
include amplifying components like transistors, tunnel diodes, and triode vacuum tubes (valves).

Relay

A relay is a switch that is turned 
on and off by an electromagnet, 
or a solid state switch controlled 
by an optical coupler.

Name of the Component Image Function

Diode

The most common function of a 
diode is to allow an electric current 
to pass in one direction (called
the ŘƛƻŘŜΩǎ forward direction), 
while blocking it in the opposite 
direction (the reverse direction). 
As such, the diode can be viewed 
as an electronic version of a check 
valve.

Transistor

The transistor can amplify and 
switch electrical power and 
electronic signals. Transistors are 
built up of semiconductor material 
with three or more terminals, 
which are used to connect to
an external circuit. A change in 
current can be induced by applying 
current or voltage to one of the 
pairs of the terminals.

Integrated Circuit

Commonly known as a microchip 
or chip, an Integrated circuit (IC) is 
a semiconductor-based wafer on 
which millions of small capacitors, 
resistors, and transistors are 
connected. An IC can function
as an oscillator, amplifier, timer, 
computer memory, counter, or 
microprocessor.
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Optoelectronic devices

Optoelectronic devices are optical- 
to-electrical or electrical-to-optical 
transducers, or instruments that 
use such devices for functioning.

Valve

Solenoid valves can measure, 
close, mix, or distribute the fluid 
(gas or liquid) flow in a pipe. The 
circuit function of a solenoid valve 
denotes its exact purpose. 2/2 way 
valves comprise two ports (outlet 
and inlet) and two positions (closed 
or open).

Resistor Colour Coding

Colour Digit Multiplier Tolerance

Black 0 1

Brown 1 10 ҕ 1%

Red 2 100 ҕ 2%

Orange 3 1,000

Yellow 4 10,000

Green 5 100,000 ҕ 0.5%

Blue 6 1,000,000 ҕ 0.25%

Violet 7 10,000,000 ҕ 0.1%

Grey 8 ҕ 0.05%

White 9

Gold 0.1 ҕ 5%

Silver 0.01 ҕ 10%

None ҕ 20%
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1.3.1 Diodes, Transistors, and Switches
What is diode?

A semiconductor device with two terminals, typically allowing the flow of current in one direction only

What is transistor?

A semiconductor device with three connections, capable of amplification in addition to rectification

Photo Transistor

The resemblance of a phototransistor is quite similar to that of a transistor with a small exception. The 
base terminal is present in transistor but absent in phototransistor. Production of base current takes 
place when light strikes the base region (photosensitive semiconductor. The incident light is converted 
into photocurrent by the help of collector-base p-n junction.

Phototransistor structure

Fig 1.4.1: Phototransistor

Typical package

Fig 1.4.2: Package diode

UNIT 1.4: Understanding of Diodes, Transistors, and Logic 
Gates

Unit Objectives
By the end of this unit, the participants will be able to:

1. Analyze components like diode, transistors and logic gates
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Schematic symbol

Fig 1.4.3: Diode symbol

Phototransistor circuit

Fig 1.4.4: Phototransistor circuit

Switch types

Different types of switches are used for different applications. It is a recommended practice to use the 
correct switch for a specific application.

Rotary switch: Operated by rotation, rotary switches are used when more than two positions are 
needed. For example, while modifying bands on a radio receiver. The rotary switch comprises a spindle 
or rotor and there is an array of terminals, which the circular contactor makes contact with. This array 
is dependent upon the spindle position.

Fig 1.4.5: Rotary switch
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Toggle switch: A toggle switch can be manually actuated by a mechanical lever, handle, or rocking 
mechanism. It generally has two positions. Once the arm is actuated the mechanical mechanism tends 
to hold it positively in one position or another. The internal mechanics are such that once the arm is 
moved it passes a certain point and it snaps into the other position. Thus, the switch is held firmly in 
one position or another.

Fig 1.4.6: Toggle Switch

Rocker switch: This type of switch has many similarities with the toggle switch in that it often has just 
two positions. However a toggle mechanism is not included and therefore the switching action is not 
quite as positive.

Fig 1.4.7: Rocker Switch

Electronic switch: FETs and also bipolar transistors as well as SCRs (Semiconductor Controlled Rectifiers) 
can be used for switching electronic and electrical circuits. When semiconductor technology alone is 
used to provide switching, these switches are often referred to as electronic switches.

Fig 1.4.8: Electronic Switch
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List of semiconductor materials

Material
ChemicalSymbol

/ Formula
Details

Germanium Ge

Germanium, a semiconductor material, was 
commonly used in the first transistors as well as 
radar detection diodes. Germanium-based diodes 
exhibit a high temperature coefficient and reverse 
conductivity. This is why early transistors often 
suffered from thermal drainage.

Silicon S

Silicon, the most common semiconductor, can be 
easily fabricated and exhibits good mechanical 
and electrical properties. When silicon is used in
integrated circuits (ICs), it results in the formation of 
high-quality silicon oxide, which acts as an insulation 
layer between the L/Ωǎ active elements.

Gallium arsenide GaAs

After silicon, Gallium arsenide is the most popular 
semiconductor. Its high electron mobility is
very useful for fabricating high-performance RF 
devices. Gallium arsenide is also commonly used 
as a substrate for a few other semiconductors like
GaInNAs and InGaAs. However, its brittle nature and 
lower hole mobility as compared to Silicon restricts 
its application in P-type CMOS (Complementary 
Metal-Oxide Semiconductor) transistors.

Silicon carbide SiC

Silicon carbide is commonly used in power devices 
where its losses are considerably lesser and operating 
temperatures can be greater than those of silicon- 
based devices. Silicon carbide has a breakdown 
capability about ten times that of silicon itself.

Gallium Nitride GaN

Gallium nitride is now being commonly used in 
microwave transistors since these require high 
temperature and power. It is also being used in a few 
microwave ICs. GaN (Gallium nitride) is difficult to 
dope to create p-type regions and it is also sensitive to 
ESD (Electrostatic Discharge), but relatively insensitive 
to ionising radiation. It is also used in a few blue LEDs 
(Light Emitting Diodes).

Gallium phosphide GaP

Gallium phosphide is a semiconductor material that 
has found many uses in LED technology. It was used 
in numerous early low to medium-brightness LEDs 
producing a variety of colours, which depended 
upon the addition of other dopants. Pure Gallium 
phosphide produces a green light. When nitrogen- 
doped, it emits yellow-green and when ZnO-doped it 
emits red.
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Material
ChemicalSymbol

/ Formula
Details

Cadmium sulphide CdS Used in solar cells and photoresistors.

Lead sulphide PbS

Used as the mineral galena, Lead sulphide was 
used in the early radio detectors called Ψ/ŀǘΩǎ 
²ƘƛǎƪŜǊǎΩΦ A point contact was created with the 
tin wire onto the galena to rectify signals.

Diodes

Fig 1.4.9: Different types of Diode

Diodes are electronic components functioning as one-way valves. This implies that they allow current 
to move in one direction. These diodes are produced with the help of the semiconductor materials 
germanium, silicon and selenium. The function of diode can be classified in two ways, if it allows the 
current then, it is forward-biased, otherwise it is reverse-biased.

Some of the diodes are listed below.

Small Signal Diode: An instrument with out-of-proportion features, the uses of a small signal diode 
are mostly involved with extremely low-current devices like radios and televisions, etc., and at high 
frequencies. It is enveloped with a glass in order to prevent contamination. Hence, it is also called Glass 
Passivated Diode, which is extensively used as 1N4148.

As compared to the power diode, the appearance of signal diode is very small. To indicate the cathode 
terminal, one of the edges is marked with black or red colour. For high-frequency applications, the 
performance of the small signal diode is very effective.
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Fig 1.4.10: Small signal diode

Large Signal Diode: The PN junction layers in large signal diodes make the conversion of AC to DC 
voltages unlimited. This raises the reverse blocking voltage and the current forward capacity. Such large 
signals disrupt the operational points also. This is the reason why a large signal diode is unsuitable for 
high-frequency applications.

Fig 1.4.11: Large signal diode

Large signal diodes are primarily used in battery-charging devices like inverters. In these diodes, the 
forward resistance is measured in Ohms while the reverse blocking resistance is measured in mega 
Ohms.

Zener Diode: The zener diode is a passive element that works on the basis of Zener breakdown. Similar 
to normal diodes in forward direction, this was first produced by Clarence Zener in 1934. When the 
applied voltage hits the breakdown voltage, the zener diode allows current in a reverse direction. It is 
designed to stop the other semiconductor devices from momentary voltage pulses. The zener diode 
acts as voltage regulator.

Fig 1.4.12: Zener diode
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Light Emitting Diode (LED): In light emitting diode, electrical energy is converted into light energy. 
It goes through the electroluminescence process in which electrons and holes are recombined to 
generate energy in the form of light in forward-bias condition. Light emitting diodes are mostly used in 
applications like aviation lighting, traffic signals, camera flashes, etc.

Fig 1.4.13: Light emitting diode

Constant Current Diodes: Commonly known as constant-current diode, current-limiting diode or 
current-regulating diode, the purpose of the diode is controlling the voltage at a given current. It works 
as a two-terminal current limiter.

Fig 1.4.14: Constant current diode

Schottky Diode: The junction in Schottky diode is created by contacting a metal with the semiconductor 
material. Thus, the forward voltage drop is reduced to minimum . The semiconductor material is N-type 
silicon that acts as an anode and the metal acts as a cathode. The metal may be platinum, chromium, 
tungsten, etc.

These diodes, due to the metal junction, enjoy high conducting capability and thus the switching time 
reduces. This is why Schottky is widely used for switching applications. Due to the metal-semiconductor 
junction, the voltage drop is low, which in turn increases the diode performance and reduces power loss.

Fig 1.4.15: Schottky diode
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Shockley Diode: One of the first semiconductor devices, the shockley diode has four layers. It is also 
known as PNPN diode. It is equivalent to a thyristor without a gate terminal, which implies that the 
gate terminal is disconnected. As there are no trigger inputs, the only way the diode can conduct is by 
providing forward voltage. The diode works in two states, namely, conducting and non-conducting. In 
the non-conducting state, the diode conducts with less voltage.

Fig 1.4.16: Shockley diode

Step Recovery Diodes: It is also called charge-storage or snap-off diode. These are special types of 
diodes that store the charge from positive pulse and use this in the sinusoidal ǎƛƎƴŀƭǎΩ negative pulse. 
The current ǇǳƭǎŜΩǎ rise time is equal to the snap time. This phenomenon is responsible for the speed 
recovery pulses. These diodes are used in higher order multipliers and in pulse-shaper circuits. These 
diodes have a very high cut-off frequency, which is nearly of the Giga hertz order.

Fig 1.4.17: Step recovery diode

As a multiplier, this diode has the cut-off frequency ranging between 200 - 300 GHz. The efficiency is 
high for lower-order multipliers.

Tunnel Diode: It is used as high-speed switch of the nano-second order. Due to its tunneling effect, it 
enjoys very fast operation in microwave-frequency region. It is a two-terminal device comprising very 
high concentration of dopants. It is mainly used in microwave oscillators and amplifiers. It acts similar to 
most negative-conductance devices. Tunnel diodes can be tuned in both electrically and mechanically.

Fig 1.4.18: Tunnel diode

Participant Handbook

36



Varactor Diode: Also called Varicap diode, this acts like a variable capacitor. This performs mainly at the 
reverse-biased state. These diodes are very famous due to their capability of changing the ranges of 
capacitance within the circuit in the presence of a constant voltage flow.

Fig 1.4.19: Varactor diode

In a Varactor diode, by changing the reverse bias voltage, we can decrease or increase the depletion 
layer or barrier potential. These diodes are commonly used as voltage-controlled oscillator for cell 
phones, frequency multipliers, satellite pre-filters, FM (Frequency Modulation) transmitters, etc.

Laser Diode: This is similar to an LED in which active region is formed by p-n junction. Electrically, laser 
diode is a p-i-n diode in which the active region is in the intrinsic region. These are implemented in fiber 
optic communications, laser pointers, barcode readers, CD (Compact Disc)/DVD (Digital Versatile Disc)/ 
Blu-ray reading and recording, laser printing, etc.

Fig 1.4.20: Laser diode

Types of Laser Diode:

ω Double Heterostructure Laser: Free electrons and holes are simultaneously available in the region.

ω Quantum Cascade Lasers: These are heterojunction lasers that enable laser action at relatively long 
wavelengths.

ω Distributed Bragg Reflector Lasers: These can be VCSELS (Vertical-Cavity Surface-Emitting Lasers) 
or edge-emitting lasers.

ω Multi  Quantum Well Lasers: Lasers with more than one quantum well are known as multi quantum 
well lasers.

ω Separate Confinement Heterostructure Lasers: Separate confinement heterostructure lasers are 
used to compensate for the thin-layer problem in quantum lasers.

Transient Voltage Suppression Diode:

Transients occur in semiconductor devices due to the sudden change in the state voltage. They are 
capable of damaging the device output response. voltage suppression diodes are used to overcome this 
problem. The voltage suppression ŘƛƻŘŜΩǎ operation is similar to Zener diode operation.
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Similar to p-n diodes, the operation of these diodes is normal but at the time of transient voltage 
the operation varies. These are spontaneously very fast. Used in medical fields, telecommunication, 
microprocessors and signal processing, these diodes respond to excess voltages faster than varistors 
and gas discharge tubes.

Fig 1.4.21: Transient Voltage Suppression Diode

Gold Doped Diodes: These diodes use gold as a dopant. Faster than other diodes, these diodes enjoy 
very less leakage current in reverse bias condition. Even at a higher voltage drop, the diode can operate 
in signal frequencies. In these diodes, gold helps the faster recombination of minority carriers.

Fig 1.4.22: Gold doped diode

Super Barrier Diodes: It is a rectifier diode with low forward voltage drop similar to the Schottky diode 
and with low reverse-leakage current and surge-handling capability like the p-n junction diode. It was 
fabricated for speedy switching, high power, and low-loss applications. Super barrier rectifiers come 
with lower forward voltage as compared to Schottky diodes.

Fig 1.4.23: Super barrier diode

Peltier Diode: In this diode, heat is generated at the two material junction of a semiconductor, which 
flows from one terminal to another. This flow is in only a single direction, which is equal to the direction 
of current flow. Primarily used in heating and cooling applications, this type of diode is used as sensor 
and heat engine for thermo-electric cooling.

Participant Handbook

38



Fig 1.4.24: Peltier diode

Crystal Diode: Also known as /ŀǘΩǎ whisker, this is a type of point-contact diode. Its function depends on 
the pressure of contact between the point and the semiconductor crystal.

Fig 1.4.25: Crystal diode

In this, a metal wire is pressed against the semiconductor crystal. The semiconductor crystal acts as 
cathode and the metal wire acts as anode. These diodes are obsolete in nature. They are mainly used in 
microwave receivers and detectors.

Avalanche Diode: This is a passive element and works under the principle of avalanche breakdown. It 
works in reverse bias condition. It results in large currents due to the ionization produced by p-n junction 
during reverse bias condition. These diodes are specially designed to undergo breakdown at specific 
reverse voltages to prevent the damage. These are used in RF (Radio Frequency) Noise Generation, 
Microwave Frequency Generation and Single Photon Avalanche Detector.

Fig 1.4.26: Avalanche diode

Vacuum Diodes: Vacuum diodes comprise two electrodes that act as anode and cathode. The cathode 
is made up of tungsten, which emits electrons in the ŀƴƻŘŜΩǎ direction. The electrons will always flow 
from cathode to anode. Thus, it acts like a switch.
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Fig 1.4.27: Vacuum diode

If the cathode is plated with oxide material, its electron emission capability is high. The anode is longer 
in size and in a few cases their surfaces are rough to decrease the chances of temperatures developing 
in the diode. The diode will conduct only when the anode is positive w.r.t to the cathode terminal.

PIN Diode: The PIN diode is the improved version of the normal P-N junction diode. In PIN diode, 
doping is not necessary. The intrinsic material that has no charge carriers is inserted between the P 
and N regions. This increases the area of depletion layer. Applications of these are RF switches, photo 
detectors, etc.

Fig 1.4.28: Pin diode

Point Contact Devices: A tungsten or gold wire is used to act as a point contact for fabricating a PN 
junction region by transmitting a high electric current. A small region of PN junction is formed around 
the wire edge, which is connected to the metal plate.

In the reverse bias condition, the wire acts similar to an insulator. The diode acts as a capacitor since the 
insulator is between the plates.

Fig 1.4.29: Point contact diode

Gunn Diode: Gunn diode is fabricated only with n- type semiconductor material. In two N-type materials, 
the depletion region is very thin. When the circuit voltage increases, the current also increases. The 
current will exponentially decrease after reaching a certain voltage level. Thus, Gunn diode exhibits 
negative differential resistance.
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Gunn diode comprises two electrodes with Indium Phosphide and Gallium Arsenide. This results in 
negative differential resistance. Gunn diode is also called transferred electron device. It produces 
microwave RF signals. Hence, it is primarily used in Microwave RF devices. It can also be used as an 
amplifier.

Fig 1.4.30: Gunn diode

Types of Transistors

Bipolar Junction Transistor (BJT)

Fig 1.4.31: Bipolar junction transistors

These are transistors built of three regions, namely, the base, the emitter, and the collector. Bipolar 
Junction transistors are current-controlled devices. A small current entering the base region of the 
transistor results in more current flow from the emitter to the collector region. Bipolar junction 
transistors are of the below types:

ωNPN (Negative, Positive, Negative) - Where the majority of current carriers are electrons

ωPNP (Positive, Negative, Positive) - Where the majority of current carriers are holes

Field Effect Transistor

Fig 1.4.32: Field effect transistor

These comprise three regions, namely, a source, a gate, and a drain. Different from bipolar transistors, 
FETs are voltage-controlled devices. Field Effect Transistors enjoy very high input impedance, ranging 
between several mega ohms (MҠ) of resistance to even larger values. Such high input impedance results 
in very less current running through FETs. FETs draw very little current from a power source. Field Effect 
Transistors can be classified into two main types:
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ω JFET (Junction Field Effect Transistor)

ω MOSFET (Metal Oxide Semiconductor Field Effect Transistor)

MOSFETs and JFETs are very similar but MOSFETs have even higher input impedance values as compared 
to JFETs.

Heterojunction Bipolar Transistor (HBT)

Heterojunction bipolar transistors (HBTs) are implemented for both digital and analog microwave 
applications with frequencies as high as the Ku band. HBTs can supply quicker switching speeds as 
compared to silicon bipolar transistors mostly because of reduced base-resistance and collector-to- 
substrate-capacitance. HBTs are used in both high-reliability and profitable applications, like power 
amplifiers in laser drivers and mobile telephones.

Darlington Transistor

Fig 1.4.33: Darlington transistor

A Darlington transistor, commonly known as a Darlington Pair, is a transistor circuit built of two 
transistors. Invented by Sidney Darlington, it enjoys much higher current-gaining ability. The circuit can 
be inside an IC or made from two discrete transistors.

Schottky Transistor

Fig 1.4.34: Schottky transistor

It is a combination of a Schottky diode and a transistor. The Schottky diode hinders the transistor from 
saturating by bypassing the extreme input current. It is also called a Schottky-clamped transistor.
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Multiple-Emitter Transistor

Fig 1.4.35: Multiple emitter transistor

A multiple-emitter transistor is a specialized bipolar transistor frequently used as the inputs of transistor 
logic (TTL) (Transistor-Transistor Logic) NAND (NOT AND) logic gates. Input signals are applied to the 
emitters.

Dual Gate MOSFET

The dual gate MOSFET is very popular in several RF applications. Used in many RF applications where 
two control gates are required in series, the dual gate MOSFET can be used in applications like RF 
amplifiers, RF mixers /multipliers, amplifiers with gain control, etc.

Fig 1.4.36: Dual gate MOSFET

Junction FET Transistor

Instead of PN junctiions, the Junction Field Effect Transistor (JUGFET (Junction Gate Field Effect 
Transistor) or JFET) has a narrow high resistivity semiconductor material creating a P-type or N-type 
silicon channel for the majority of the carriers to flow through two ohmic electrical connections at 
either end. These are called the source and the drain. The N-channel JFET and the P-channel JFET are 
the two basic configurations of junction field effect transistor.

Fig 1.4.37: Junction FET transistor
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Avalanche Transistor

This is a bipolar junction transistor fabricated for processing in the region of its collector-to-emitter 
voltage/collector-current characteristics beyond the collector-to-emitter breakdown voltage, known as 
the avalanche breakdown region. This region is described by the avalanche breakdown, a phenomenon 
similar to the negative differential resistance. Operations in the avalanche breakdown region are called 
avalanche-mode operation, during which avalanche transistors are empowered with the capability to 
switch very high currents with less than a nanosecond rise and fall times (transition times).

Fig 1.4.38: Avalanche transistor

Diffusion Transistor

Fig 1.4.39: Diffusion transistor

This is a bipolar junction transistor (BJT), which is fabricated by means of diffusing dopants onto a 
semiconductor substrate. Diffusion is implemented later than the alloy junction and grown junction 
processes.

Testing transistors using multimeter

Fig 1.4.40: Multimeter

The things you require are very simple.
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Step 1 First, you need a multimeter and secondly the transistors you want to test.

Step 2 Now comes the part of testing the transistors.

The NPN (Negative, Positive, Negative) transistor has the collector and emitter as negative and the base 
as positive, which is just opposite in PNP (Positive, Negative, Positive) transistors.

Step 3 The multimeter must be set at the transistor-testing mode.

The leads of the multimeter must be connected to the transistor leads. The negative lead must be 
connected to the negative terminal while the positive lead must be connected to the positive terminal. 
The multimeter shows a reading.

Step 4 The negative lead must now be connected to the other negative terminal. The multimeter shows 
a reading.

It must be noted that the readings in both cases are almost equal.

Step 5 How to detect a bad transistor

The leads must be connected to both the negative terminals. If the multimeter reads 1, the transistor 
is okay. If this is not the case, the multimeter produces a buzzing sound and reads 000, thus indicating 
that the transistor is bad and not recommended for use.

Step 6 PNP TRANSISTORS

The leads must now be connected to the opposite terminals. The PNP transistor will show a reading only 
when the positive lead is connected in the middle and the negative lead at the sides.

Thus, the above tests can be used for comparing NPN and PNP transistors.

Transistor configuration

The three types of transistor configurations are:

A. Common base transistor configuration

B. Common collector transistor configuration

C. Common emitter transistor configuration

Common Base Transistor Configuration (CB)

This transistor configuration produces a low input while giving high output impedance. The current gain 
and overall power gain is low when the voltage of the CB transistor is high, as compared to the other 
configurations. The main characteristic of the B transistor is that the ǘǊŀƴǎƛǎǘƻǊΩǎ input and output are in 
phase. In the given circuit, the base terminal is mutual to both input and output circuits.

Fig 1.4.41: Common base transistor
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The collector current (output current) to emitter current (input current) relationship is denoted by 
alpha, which is calculated by:

ʰҐ όҟLŎύκҟL9

If the input current (IE) in a common base current changes from 2mA to 4mA and the output current (IC) 
changes from 2mA to 3.8 mA, the gain of the current will be 0.90.

The CB current gain is < 1 when the emitter current flows into the base terminal and does not function 
as collector current. This current is always less than the causal emitter current. The common base 
configuration gain is always < 1. The given formula is used to calculate the current gain of the CE όʰύ 
when the CB value is given i.e. όʲύ.

Common Collector Transistor Configuration (CC)

Fig 1.4.42: Common collect transistor

Also called the emitter follower, the emitter voltage of this transistor follows the base terminal of the 
transistor. Offering high input and low output impedances, it is used as a buffer. The transistor has a 
voltage gain of 1, the current gain is high and the output signals are in phase. The collector terminal is 
mutually shared by both input and output circuits.

The CC ŎƛǊŎǳƛǘΩǎ current gain is indicated as ɹ  and is calculated using the below formula.

This gain is related to the CB current gain beta όʲύΣ and the CC circuit gain is calculated, when the b value 
is given.

When the transistor is connected in any one of the CE, CB and CC configurations, there exists a 
relationship between beta, alpha, and gamma.
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For example, if the current gain of the common base value όʰύ is 0.90, the beta value is:

Thus, a change in the base current of this transistor will impart a change in collector current. This change 
in collector current will be nine times bigger. In order to use the same transistor in CC configuration, we 
need to calculate gamma by the following equation.

Common Emitter Transistor Configuration (CE)

One of the most widely used configurations, the circuit of CE transistor configuration provides moderate 
input and output impedance levels. The voltage and current gains can be defined as a medium, but the 
output is opposite to the input, thus indicating a 1800 change in phase. This improves performance and 
is frequently thought of as the most commonly used configuration. The below diagram depicts the CE 
transistor configuration. In this type of circuit, the emitter terminal is mutually shared by both input and 
output.

Fig 1.4.43: Common emitter transistor

The common emitter (CE) ŎƛǊŎǳƛǘΩǎ current gain is denoted by beta όʲύ. It is the relationship between 
the base and collector currents. The below formula is used to calculate beta όʲύ. Delta denotes a minor 
difference.

Let us consider an example. If the input current (IB) in a CE changes from 50 mA to75 mA and the output 
current (IC) varies from 2.5mA to 3.6mA, the current gain (b) becomes 44.
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From the above, it can be interpreted that a change in base current results in a modification in collector 
current, which is 44 times larger.

Basic Conversion of Transistor

Typeof Conversion Image Description

Transistor as 
amplifier

The most common amplifier configuration 
for an NPN transistor is that of the 
Common Emitter Amplifier circuit.

Transistor as 
switch: Cut-off 
Characteristics

ω The input and Base are grounded ( 0v )

ω Base-Emitter voltage VBE < 0.7v

ω Base-Emitter junction is reverse biased

ω Base-Collector junction is reverse 
biased

ω Transistor is άŦǳƭƭȅ-hCCέ ( Cut-off region
)

ω No Collector current flows ( IC = 0 )

ω VOUT = VCE = VCC = έм

ω Transistor operates as an άƻǇŜƴ 
ǎǿƛǘŎƘέ

Transistor as 
switch: Saturation 
Characteristics

ω The input and Base are connected to 
VCC

ω Base-Emitter voltage VBE > 0.7v

ω Base-Emitter junction is forward 
biased

ω Base-Collector junction is forward 
biased

ω Transistor is άŦǳƭƭȅ-hbέ ( saturation 
region )

ω Max Collector current flows ( IC = Vcc/ 
RL )

ω VCE = 0 ( ideal saturation )

ω VOUT = VCE = έл

ω Transistor operates as a άŎƭƻǎŜŘ 
ǎǿƛǘŎƘέ

Participant Handbook

48



1.4.2 Basic Logic Gates
Considered the building block of a digital circuit, a logic gate comprises two inputs and an output, which 
are related with the help of certain logic.

Logic gates are put to use with the help of electronic switches like diodes and transistors. Nowadays, 
CMOS technology, MOSFET (Metal Oxide Semiconductor FET)s and FETS are used to build basic logic 
gates.

Logic gates are used in microprocessors, microcontrollers, and embedded system applications and in 
electronic and electrical project circuits.

The basic logic gates are categorized into seven: AND, OR, XOR, NAND, NOR, XNOR and NOT. These logic 
gates with their logic gate symbols and truth tables are explained below.

Fig 1.4.42: Symbol of a logic gate

AND Gate

The AND gate, a digital logic gate, comes with ΨƴΩ number of inputs and only one output. The output 
performs logical conjunction on the basis of the input combination. The output of this gate becomes 
true only when all the inputs are true. The output of the AND gate becomes false only when one or 
more inputs are false.

Fig 1.4.43: Symbol and Truth Table of the AND gate

OR Gate

Comprising ΨƴΩ number of inputs and one output, the OR gate output becomes true only when one or 
more inputs are true. The output is false only when all inputs of the gate are false.

Fig 1.4.44: Symbol and Truth Table of the OR gate
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NOT Gate

The NOT gate comprises one input and one output and operates an inverter operation of the input. 
The output of the NOT gate is the reverse of the input. When the input of the NOT gate is true then 
the output will be false and vice versa. With the help of this gate, the NOR and NAND gates can be 
constructed.

Fig 1.4.45: Symbol and Truth Table of the NOT gate

NAND Gate

Comprising ΨƴΩ inputs and only one output, the NAND gate executes the AND gate operation, which is 
followed by the NOT gate operation. The NAND gate is fabricated by combining the NOT and AND gates. 
The output will be low if the input is high.

Fig 1.4.46: Symbol and Truth Table of the NAND gate

NOR Gate

Comprising ΨƴΩ inputs and one output, the NOR gate executes the OR gate operation, which is followed 
by the NOT gate. It is fabricated by combining the NOT and OR gates. The output is false when any one 
of the inputs is true.

Fig 1.4.47: Symbol and Truth Table of the NOR gate
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1.4.3 RF Transmitter and Receiver
RF Transceiver

A mixture of a receiver and a transmitter in a single package, the RF trans receiver is widely used in 
wireless communication for applications like handheld and mobile two-way radios, cellular telephones, 
and cordless telephone sets. It is also used in transmitter or receiver devices in optical fiber systems or 
cables.

Fig 1.4.50: RF Trans receiver module

In a radio transceiver, the receiver is quietened while transmitting. An electronic switch authorises the 
transmitter and receiver to be associated with the same antenna and prevents the transmitter output 
from damaging the receiver. Thus, it is difficult to receive signals while transmitting and this mode is 
named as half duplex.

A few types of transceivers are designed to allow signal reception via transmission periods. This full 
duplex mode needs the transmitter (TX) and receiver (RX) to work on different frequencies so the signal 
transmitted ŘƻŜǎƴΩǘ interfere with reception. Communication devices sets use this mode. Satellite 
communication networks frequently employ full-duplex transceivers at the surface based subscriber 
points. The transceiver-to-satellite (transmitted) signal is called the uplink, while the satellite-to- 
transceiver (received) signal is called the downlink.

Exclusive-OR Gate

Comprising two inputs and one output, the short form of this gate is Ex-OR. It functions on the basis of 
OR gate operation. The output is high if any one of the inputs is high.

Fig 1.4.48: Symbol and Truth Table of the exclusively OR gate

Exclusive-NOR Gate

Comprising two inputs and one output, the short form of this gate is Ex-NOR. It operates on the basis of 
the NOR gate operation. The output of the gate is high when both the inputs are high. However, if any 
one of the inputs is high (but not both), the output will be low.

Fig 1.4.49: Symbol and Truth Table of the exclusively NOR gate
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Block Diagram of RF Transceivers

The size of the RF modules is quite small. RF modules operate with the help of voltage ranging from 3V 
to 12V.

Generally, such RF modules are 433 MHz RF TX and RX modules. The transmitter (TX) draws zero power 
while transferring logic zero while fully destroying the carrier frequency, thus consume considerable low 
power in battery operation. When logic1 is sent carrier is fully on to about 4.5mA with a 3V power supply. 
The information is sent serially from the transmitter (TX) which is received by the receiver. Transmitter 
(TX) and the receiver (RX) are duly interfaced to two Microcontrollers for transferring the data.

Fig 1.4.51: Block Diagram of RF Transceivers

RF modules can be used for different variants, sizes and shapes of electronic circuit boards. It can also 
be used for modules across a wide variety of uses and capacity. These modules generally include a PCB 
(Printed Circuit Board), RX or TX circuit, serial interface and antenna for communication to the main 
processor.

RF modules primarily comprise RF transmitter module, RF receiver module, RF transceiver module and 
SOC (System On a Chip) module. Three types of signal modulation techniques are popularly used in RF 
transmitter and RF receiver modules. These are ASK-amplitude shift keying, FSK-frequency shift keying, 
and OOK-On-Off Keying.

The RF transceiver module comprises both a transmitter and a receiver. The RF transceiver module 
circuit is designed for half-duplex operation and generally at a higher cost due to the higher complication.

RF Transmitter

An RF transmitter module is a small-size PCB used to transfer a radio wave and a modulating radio wave 
to transport data. RF transmitter modules are generally applied along with a microcontroller, which will 
offer data to the module under transmission. These transmitters are generally subject to controlling 
requirements that direct the maximum acceptable transmitter power output, harmonics requirements, 
and band edge.

RF Receiver

An RF receiver module accepts the modulated RF signal and demodulates it. Two kinds of RF receiver 
modules exist, namely the super-heterodyne receivers and the super-regenerative receivers. Generally, 
super-regenerative modules are low-power and low-cost designs deploying a series of amplifiers for 
getting rid of modulated data from a carrier wave. These modules change, usually inaccurate since 
their operation of frequency vary significantly with power supply voltage and temperature. The main 
advantage of the super-heterodyne receiver modules is high performance as compared to the super- 
regenerative variant. They offer improved accuracy and stability over a vast range of temperature and 
voltage. This stability is derived from a stable crystal design, which in turn, leads to a relatively more 
expensive product.
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Fig 1.4.52: RF Transmitter and Receiver

RF transceiver module is used in a given device where both the transmitter and receiver remain in a 
single module. These devices transmit and receive RF signal and are called RF Transceivers. Generally, 
the position of RF transceiver module is between the Power amplifier/Low Noise Amplifier and the 
Baseband MODEM (Modular Demodulator) in common wireless communication systems. Baseband 
Modem comprises chip sets of several analogue or digital modulation techniques and analogue to 
digital conversion or digital to analogue conversion chips.

Applications of RF Transceiver

Å RF transceiver module is used in radio transmission, satellite communication, for television signal 
transmission, reception and in Wimax or WLAN (Wireless Local Area Network), Zigbee or ITE 
(Information Technology Equipment) networks.

Å Used widely in wireless communication, the transceiver is primarily used to convert data in the form 
of data/ voice /  video suitable to be transmitted over wireless media.

Å RF transceiver changes IF frequency to RF frequency and vice versa.

Radio-frequency engineering is a subset of electrical engineering that deals with devices that are 
designed to operate in the radio frequency (RF) spectrum. The range of operation for these devices is 3 
kHz (Kilohertz) to 300 GHz (Gigahertz).

Radio-frequency engineering is assimilated into almost everything that transmits or receives a radio 
wave, which includes, but is not limited to, radios, mobile phones, Wi-Fi (Wireless Fidelity), and two- 
way radios.

Radio-frequency engineering is a highly specialized field falling typically in one of the below arenas:

1. Getting or producing signals to or from that transmission system to other communication circuitries 
or controls.

2. Controlling or enhancing coverage with the help of antenna/transmission systems

3. Performing tests for monitoring the performance of an electronic design
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1.4.4 Amplifier, Multiplexer and Couplers
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Fig 1.4.53: Usage of Transmitter and Receiver in GSM telephony
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Amplifiers

An amplifier is an electronic device that enhances the voltage, current, or power of a signal. Amplifiers 

are used in wireless communications and broadcasting, and in all types of audio equipment. They are 

classified as either weak-signal amplifiers or power amplifiers.

Types of amplifiers

¶ Weak-signal amplifiers are used mainly in wireless receivers. They are also used in acoustic 

pickups, audio tape players, and compact disc players. A weak-signal amplifier is designed to 

deal with exceedingly small input signals, in some cases measuring only a few nanovolts (units 

of 10-9 volt). The most effective device for this application is the field-effect transistor.

¶ Power amplifiers are used in wireless transmitters, broadcast transmitters, and hi-fi audio 

equipment. The most frequently used device for power amplification is the bipolar transistor. 

However, vacuum tubes, once considered obsolete, are becoming increasingly popular due to 

its superior fidelity.

Two important considerations in power amplification are power output and efficiency. Power 

output is measured in watts or kilowatts. Efficiency is the ratio of signal power output to total

power input (wattage demanded of the power supply or battery). This value is always less than

1. It is typically expressed as a percentage. In audio applications, power amplifiers are 30 to 50 

percent efficient. In wireless communications and broadcasting transmitters, efficiency ranges

from about 50 to 70 percent. Distortion is also an important factor, in hi-fi audio power 

amplifiers as it measures the extent to which output waveform is constant imitation of the

input waveform.
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Multiplexer

A multiplexer (MUX) is a network device that allows one or more analog or digital input signals to 

travel together over the same communications transmission link. The purpose of multiplexing is to 

combine and transmit signals over a single shared medium in order to optimize efficiency and 

decrease the total cost of communication. Multiplexing techniques have become useful network 

optimization tools during the age of the Internet of Things, edge computing and 5G. Today, the 

following communication applications would be prohibitively expensive without multiplexing: 

telecom, satellites, telemetry and broadcasting.

How multiplexing works

Frequency division multiplexing, time division multiplexing and wavelength division multiplexing are 

the types of multiplexing most closely associated with telecom. For analog signals in

telecommunications and signal processing, a time division multiplexer may select multiple samples of 

separate analog signals and combine them into one pulse amplitude modulated (PAM) wide-band

analog signal. For digital signals in telecommunications on a computer network or with digital video,

several variable bit-rate data streams of input signals (using packet mode communication) may be 

combined, or multiplexed, into one constant bandwidth signal. A multiplexer requires a demultiplexer 

to complete the process, to separate multiplex signals carried by the single shared medium or device. 

Often a multiplexer and a demultiplexer are combined into a single device (also often just called a 

multiplexer) in order to allow the device to process both incoming and outgoing signals.

Couplers

RF couplers are passive devices that sample a small amount of signal from an RF chain. Many RF 

components have an input port where the signal goes in, and an output port where the signal comes 

out. Couplers have an additional "coupled" port which taps the main signal at a small fraction of the 

power of the thru line. The ratio in dB of the signal power at the input port to the output power at the 

coupled port is the Coupling Ratio or Coupling Coefficient. The coupling ratio is a known parameter 

specified by the device manufacturer and can be selected according to the user's system 

requirements. Different types of couplers include directional couplers, bi-directional couplers, and 

dual directional couplers. Directional couplers sample signal from the main line in forward direction; 

bi-directional couplers have two coupled ports to sample signal from the forward or reflected signal 

paths as needed; and dual directional couplers allow simultaneous sampling of both thru- and 

reflected signal power. Couplers are widely used in RF systems for a variety of functions including 

power monitoring, antenna reflection monitoring, automated gain control, and electrical test and 

measurement among many others.
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UNIT 1.5: Fundamentals of PCB

1.5.1 PCB Basics
Defining PCB

ω A PCB provides a mechanical support and connects electrically electronic components

ω Making use of conductive tracks pads and other features that consists of one or more laminated 
copper of a substrate that is non-conductive

ω Components are usually soldered onto the PCB for obtaining mechanical fastening and electrical 
connection

ω Printed Circuit Boards (PCB) are used in the simplest of electronic products and also simple electric 
products like passive switch boards

ω PCBs can be single, double or multisided

ω Single sided is one copper layer; double sided is two copper layers on both sides of a substrate layer; 
multi sided layer outer a and inner side of copper layers with alternating layers of substrate

Electronic components or parts are basically packaged in a distinct manner with two or more than two 
connecting leads or metallic pads. It is usually done by attaching it to the Printed Circuit Board (PCB) so 
that an electronic circuit is created with a specific function. Some of the important electrical component 
would include; resistor, capacitor, transistor, diode and others

Types of electronic components-

There are basically two types of electronic components:

ÅActive Components

ÅPassive Components

Components and their Functions

The functions of the components are listed below:

Components Functions

Resistors Electrical components that resist current

Capacitors Components used to store electrical charge in electrical fields

Terminals and Connectors Components that are used to make electrical connection

Switches Components that are used to conduct or not to conduct (when 
switched off) the electricity

Unit Objectives
By the end of this unit, the participants will be able to:

1. Evaluate the fundamentals of PCB

2. Analyze the troubleshooting for PCB
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Magnetic or Inductive 
Components Electrical components those use magnetism in their field

Network Components Components that use one or more than one type of passive 
component

Piezoelectric devices, 
crystals, resonators

Components those are passive using piezoelectric effect

Semiconductors Control components that are electric, with parts that are not 
moving

A device that is a semiconductor, which has the capacity of 
amplification

Transistors These are components that are capable of conducting the 
electricity in a specific or a single direction

Diodes It is not a single component but rather a whole system, which is 
a micro-electronic computer electronic circuit that can be placed 
along with a chip or a semi-conductor

Integrated Circuits or ICs An integrated circuit or monolithic circuit is also called as an IC, 
a chip and a microchip. It is a total set of integrated circuit on a 
small piece that is flat, that is a semiconductor material which is 
silicon

Images of the Electrical Components:

Components Images

Resistors

Capacitors

Terminals and Connectors

Switches
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Components Images

Magnetic or inductive 
components

Network components

Piezoelectric components crystal 
resonators

Semiconductors

Transistors

Diodes

Integrated circuits or L/Ωǎ

Line Assembler - Telecom Products

59



List the wires, cables and modules- there are basically five types of wires:

Wires Description Images

Triplex wires

ω These wires are basically used as 
the service of single phase, and 
drop conductors, these form a 
connection between the power 
pole and weather heads

ω Their composition is mainly of two 
insulated wires which is wrapped 
with a third wire that is bare and 
neutral

ω The neutral wire is basically of a 
smaller gauge that is grounded 
at both the transformer and the 
electric meter

Main Feeder Wires

ω These are basically wires that 
connect service weather head to 
the house

ω It is made or composed mainly 
of stranded or solid THHN
(Thermoplastic High Heat-resistant 
Nylon-coated) wire and the 
capacity of the cable is 25% more 
than what is required

Panel Feed Wires

ω These wires are generally black 
insulated wires that is again THHN

ω These are mainly used to power 
up the main junction box to the 
circuit breaker panels

ω These wires should also have the 
capacity of 25% more than what is 
required

Non-Metallic 
Sheathed Wires

ω Non- metallic sheathed wire is 
also called romex wire

ω Mostly used in homes, that has 
2-3 conductors, that comes with 
a plastic insulation and a ground 
bare wire

ω This is covered with another layer 
on sheathing which is non-metallic

ω It is relatively cheaper as 
compared to others and is 
available in 15 and 20 amps it is 
used in in-house wiring

Participant Handbook

60



Wires Description Images

Single strand wires ω These wires also use THHN wire, 
and there can be or there is other 
variant

ω Each wire is separated and can be 
easily drawn through a pipe

ω Most popular that use pipes to 
contain the wires

TTHN

T- Thermoplastic insulation 

HH- High Heat resistance

N- synthetic polymer, which is flame 
resistant

Components of Electrical Cable ς the electrical cable or power cable are used to transfer electrical 
power. The cables form a basis of communication between the electrical gadgets and all other devices 

that works on electricity. All the electrical cables differ in performance, size and configuration.

ω The electrical cables come with two wires that are conducting and a jacket that forms an outer 
protection

ω The conducting wires vary from high voltage to medium voltage carrying capacity that might be 
sheathed with a protective jacket and an insulating sheath

ω These are usually made of copper, while the synthetic polymer make the outer jacket and protective 
insulating sheath

There are basically four types of cables:

Types of cables Description Images

Shielded Cable

ω A shielded wire cable it consists 
of more than one insulated wire

ω That are collectively enclosed 
with the woven braid shielding 
an aluminium Mylar foil

ω This shielding prevents external 
radio and interference of power 
frequency for passage of single 
transmission smoothly

ω Commonly shielded cables are 
high voltage power cables

ω Twisted pair cable consists of 
insulated copper wires that are 
coded with colour

ω Twisted around each other

ω The diameter of each ranges 
from 0.4 to 0.8 mm, the number 
of pairs vary accordingly
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Types of cables Description Images

Twisted Pair Cable

ω The more the amount 
of number of pairs the 
resistance of the cable is 
higher

ω Twisted pair cables are 
easily installed, flexible and 
inexpensive

ω This cable has a copper- 
plated core, that is 
surrounded by a di- electric 
insulator

ω These cables vary in size, 
performance, cost and 
flexibility

ω Hard link, leaky cable are 
types of coaxial cable

Coaxial Cable

ω Also called multi- wire 
planner electrical cable or 
flat wire cables. It consists 
of multiple insulated wire 
running parallel to each 
other

ω It is used for multiple signals 
of data transmission

ω Commonly used to connect 
network services. It 
connects the motherboard 
to the CPU (Central 
Processing Unit)

ω Most commonly used to 
interconnect network 
devices

Ribbon cable

A printed circuit board (PCB) helps in connecting electronic or electrical components with the help of 
conductive pads, tracks, and other structures etched from one or more copper sheet layers laminated 
onto and between non-conductive substrate sheet layers.
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1.5.2 Multi  layered PCB ς important concepts

Fig 1.5.1: Sample PCB circuit board

It electrically supports and electrically connects electronic components or electrical components using 
conductive tracks, pads and other features. Printed circuit boards (PCBs) are implemented in almost all 
electronic items. PCBs are also used in some electrical products, say passive switch boxes. PCBs come 
in the following variants:

Å double-sided, where two copper layers are on both sides of one substrate layer)

Å single-sided with one copper layer

Å multi-layer, where outer and inner layers of copper are placed, in alternating fashion, with layers of 
substrate

How to assemble PCBs and required materials:

Å RoHS compliant PCB: The RoHS (Restriction of Hazardous Substances) is a legislature that restricts 
the use of hazardous substances. PCBs sold must be RoHS-compliant, which imples that all 
manufacturing processes must not involve the use of hazardous items like lead, the solder used 
must be free of lead, and all elements mounted on the PCB must be free of mercury, lead, cadmium, 
and other heavy metals.

Å Laminates: Laminates are manufactured by curing under specific temperature and pressure 
conditions. Cloth or paper layers with thermoset resin are used to fabricate an uniform, integrated, 
and final piece. The size can vary up to 4 by 8 feet (1.2 by 2.4 m) in breadth and length. Various cloth 
thickness, weaves (threads per inch or cm), and resin percentage are used to accomplish the desired 
dielectric features and final thickness.

Å Substrate Parameters: The composites contain a matrix (usually an epoxy resin) and a reinforcement 
(usually a woven, sometimes nonwoven, glass fibres, sometimes even paper), and in some cases a 
filler is added to the resin (e.g. ceramics; titan ate ceramics can be used to increase the dielectric 
constant).

Assembling Process:

Modern PCBs are designed with dedicated layout software, generally in the following steps:
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Å An electronic design automation (EDA) tool is used for schematic capture.

Å Card template and dimensions are decided based on the essential circuitry and PCB case.

Å The heat sink and component positions are determined.

Å PCB layer stacks are determined, with one to several layers depending on the complexity. The 
power and ground planes are decided. A power plane is equivalent to a ground plane and behaves 
like an AC signal ground while supplying DC power to the PCB circuits. Signal interconnections are 
drawn on signal planes. Signal planes can be on the inner as well as outer layers. High frequency 
signals are transmitted to internal layers between ground or power planes for ensuring optimal EMI 
(Electromagnetic Interference) performance.

Fig 1.5.2: Layer stack on a PCB

Å Line impedance is calculated with the help of dielectric layer thickness, trace width, and routing 
copper thickness. Trace separation is considered in case of differential signals. Micro-strip, strapline 
or dual strapline are used for routing signals.

Å Components are placed and factors like geometry and thermal considerations are considered. Lands 
and vias are marked.

Å Signal traces are routed while electronic design automation tools help in creating clearances and 
connecting power and ground planes automatically.

Å Gerber files are generated for manufacturing.

Recording faults and passing the the faulty boards to the PCB assembly team

ÅThe complications involved in the PCB manufacturing and designing processes lead to innumerable 
opportunities for PCB failure issues. A few failures are results of design oversights like inadequate 
clearances or inaccurate measurements. The other issues may result from problems in the manufacturing 
process like drilling errors, which can be equally dangerous
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Some common faults are:

Plating Voids:

ω These holes permit electricity to be carried from one 
side of the circuit board to the other.

ω A copper layer is added to the surface material and 
along the walls of these holes via an electroplating 
process.

ω While effective, the deposition process is imperfect, 
and can result in plating voids under certain 
circumstances.

ω Plating voids are holes or gaps in the circuit board 
plating, and are usually the result of problems during 
the deposition process.

Insufficient Copper-to-Edge Clearance:

ω The copper is covered with other materials for 
preventing corrosion and protecting the copper from 
interacting with its environment.

ω While trimming a PCB, if the copper is very close 
to the edge, selected parts of this coating can be
trimmed, thus exposing the copper layer underneath.

ω The exposed copper planes often make contact with 
each other by simultaneously touching a conductive 
material, thus causing a short.

Slivers:

ω Slivers are narrow copper wedges or solder masks 
fabricated during PCB manufacturing, and can lead to 
serious problems during circuit board fabrication.

ω Slivers may float around in the chemical bath, and 
may land on another board, thus adding an undesired 
connection.

Missing Solder Mask Between Pads:

ω This solder mask is placed on the top of the copper 
layer for insulating the traces of copper from 
accidental contact with solder, other metal, or 
conductive bits.

ω In a few circuit boards, the solder mask can be wholly 
or partially absent between pads. This exposes more 
copper than required, and often result in accidental 
solder bridges between pins.

ω This can lead to a short, as well as decreased 
corrosion protection, both of which can adversely 
affect the functionality and longevity of the circuit 
board.
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Acid Traps:

ω These are acute angles that trap acid during the PCB 
etching process.

ω Consequently, the acid can compromise a 
connection, making the circuit defective and causing 
more serious problems later on.

DFM means ά5ŜǎƛƎƴ for Manufacturability.έ In a nutshell, DFM checking is the process of inspecting a 
circuit board layout to reduce fabrication-related and assembly-related problems. There are several key 
factors in DFM, which ensure a consistent and correctly performing product. Unlike other standards 
that only consider how the circuit board will work, DFM focuses on how the circuit board may break.

DFM issues are topology-related problems of the circuit board. These may result in problems during 
the manufacturing process. A few of these problems include the ones discussed previously, like missing 
solder masks and slivers. Often, a majority of circuit boards manufactured with these design issues work 
normally, with only a small percentage reflecting defects. However, in the PCB industry, every scrapped 
board adds to the cost of production.

PCB Troubleshooting during assembling:

ω Basic PCB troubleshooting can be done with just a few tools. The most versatile tool is a multimeter, 
but depending on the complexity of the PCBs and the problem, an LCR (Inductance Capacitance and 
Resistance circuit) meter, oscilloscope, power supply and logic analyzer may also be needed.

Fig 1.5.3: PCB sample

ω Visual inspection of PCBs can find several potential issues. Overlapped traces, burnt out components, 
signs of overheating, and missing components can be found easily through a thorough visual 
inspection. Bulging components indicate problems, especially for electrolytic capacitors.

Fig 1.5.4: Multi-meter
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1. Hot spots can be identified, without the involvement of expensive equipment, by touching the PCB 
surface and the on-board components.

2. The most apt techniques for PCB troubleshooting is to inspect each individual component. Testing 
each active component can be done with a multimeter or LCR meter.

Fig 1.5.5: LCR meter

3. ICs are the most challenging components to inspect. Most ICs can be detected with the help of their 
markings and many can be operationally tested using logic analysers and oscilloscopes.

How to troubleshoot?

It is the process of analyzing the behaviour or operation of a faulty circuit to determine what is 
wrong. It involves detecting the defective component(s) and repairing the circuit. Depending on the 
type of equipment, troubleshooting can be a very challenging task. In order to perform and record 
troubleshooting, an electrical technician needs to understand the key elements to be looked into.

Different modes of faults or failures during assembling:

1. Packaging failure

2. PCB failure

3. Relay failure

4. Semi-conductor failure

5. Passive element failure

6. MEMS (Micro-electromechanical systems) failure

ω Thermal expansion produces electrical stress that causes material fatigue. Humidity and corrosive 
or reactive chemicals can lead to the corrosion of the packaging materials and leads, potentially 
breaking them and damaging the inside parts, leading to electrical failure.

ω PCBs are vulnerable to environmental influences; for example, the traces are corrosion-prone and 
may be improperly etched leaving partial shorts, while the vias may be insufficiently plated through 
or filled with solder. Residues of solder flux may facilitate corrosion; those of other materials on 
PCBs can cause electrical leaks. CAFs (Conductive Anodic Filaments) or metallic filaments may grow 
within the boards along the fibres of the composite material, which can damage the affectivity of 
the PCB, as shown in the diagram below.

Fig 1.5.6: Metallic filaments on a PCB
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ω An electric arc appears between the contact points (electrodes) both during the transition from 
open to closed (make) or from closed to open (break). Apart from the physical contact damage, 
there appears a coating of carbon and other matters as well.

ω Corrosion is a source of delayed failures for semiconductors and metallic interconnects. The surface 
of semiconductors is subjected to moisture as they have an oxide layer, as shown below.

Fig 1.5.7: Moisture coating on a PCB

ω Electrostatic discharge (ESD) is an element of electrical overstress and may lead to immediate 
device failure, permanent parameter shifts and latent damage leading to increased degradation 
rate. ESD in real circuits results in an inhibited wave with rapidly alternating polarity, thus affecting 
performance.

ω Resistors can turn open or short, along with their value changing under environmental conditions. 
Manufacturing defects causing recurrent problems. For example, improperly crimped caps on metal 
resistors can loosen and lose contact.

Fig 1.5.8: ESD discharge on a resistor

ω Micro electro-mechanical systems suffer from various types of failures: 

► Particles travelling in the system and hindering their movements 

► Fractures causing loss of electrical parts.

► Dielectric charging leading to change of functionality.
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UNIT 1.6: Fundamentals of CopperςClad Laminates (CCL)

1.6.1 Understanding of Copper-Clad Laminates (CCL)

Fig 1.6.1: Copper Clad Laminates ς pre-cleaning process

Name of the 
CCL component

Image Description

Inner Layer 
Image Print of 
the CCL

ω Negative polarity artwork film is laid on the 
resist-coated cores

ω The cores are exposed, on both sides, to 
UV light

ω The resist in the exposed areas is 
polymerised

ω The latest Laser Direct Imaging (LDI) 
technology utilises CAM (Computer Aided 
Manufacturing) files projected on the panel 
with the help of UV (Ultra Violet) light to do 
away with artwork film

Develop Etch 
Strip (DES)

ω The protecting mylar sheet is removed

ω Boards are processed via a three-part 
conveyorised chemical line

ω The unexposed resist is removed, thus 
exposing bare copper

ω The unwanted copper is etched away via 
the subtractive process

ω The exposed protective resist is stripped 
away from the copper image

Unit Objectives
By the end of this unit, the participants will be able to:

1.  Identify the properties, layout designs and planning of CCL (Copper-Clad Laminates)
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Post Etch 
Punch (PEP)

ω This is a vital manufacturing step to drill 
registration in the inner layer

ω The etched targets in the border files are 
arranged linearly in an optical machine

ω The machine finds the best-fit  target value

ω The punched holes or slots are used for 
aligning layers with the help of hard tooling 
pins for future steps

Automated 
Optical 
Inspection 
(AOI)

ω AOI is the inspection process of the inner 
layer

ω Boards are examined by means of an 
optical machine against the known CAM 
files and discrepancies are reported

ω Defects and rework are validated by 
technicians, if needed

ω Non-conforming cores are scrapped and 
restarted with minimally added build cost

Oxide

ω The copper surfaces are micro-roughened 
during the preparation of multilayer 
lamination

ω Copper roughening is done to improve the 
bond between the prepreg (B stage) layers 
and the oxidised copper

ω Most of the PCB manufacturing units use 
black oxide but a few other formulations 
are used as well

Lamination 
(Press)

ω Foil, prepregs (B-stage), and etched cores 
are layered on pins via the PEP slots as per 
the stackup to create one manufacturing 
panel

ω Multiple panels are stacked together 
(separated by aluminium release sheets) in 
the form of a άōƻƻƪέ

ω Several books are heated above the Tg of 
the material under pressure and vacuum

ω When the prepreg above the Tg is heated, 
it forms a gel, flows, and fills in between 
the Cu features, then pastes the layers 
together on cooling

ω Books are disintegrated into mfg panels 
and excess prepreg squeeze-out is cleaned 
up from around the panel edges
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Drilling

ω After lamination, holes are drilled or 
layered in the panel

ω The pads, which are already formed during 
the inner layer etching process, must be 
aligned to the drill

ω Smart drill machines conduct a registration 
pre-check to align the drill

ω The average no. of drills is about 25,000 
per mfg panel

ω The boards are passed via an air knife 
deburr process for clearing most of the 
residual drill debris

Electroless 
Copper

ω All holes and surfaces are first chemically 
cleaned to ensure the layer interconnects 
are free of any residual drill debris

ω The holes are also chemically conditioned 
for enabling activation of the resin and 
exposed glass

ω The board surface and hole walls are 
deposited with a thin palladium layer 
followed by approximately .07 mil 
όΦллллтέύ layer of electroless Cu

ω The standard processing techniques create 
negative etchback at the interconnect post

ω A specialised glass-etching processing is 
required for creating positive etchback

Cleaning of boards before pattern transfer

Printed circuit boards, specifically those used in Personal Digital Assistants or PDAs such as cell phones, 
are subjected to over-utilization. In addition to the collection of dirt and dust that penetrate the cases 
of mobile phones; PCBs suffer from liquid spillage or splashing from liquids in day to day use.

Different Types of Contaminants

There are numerous contaminants that can accumulate on a PCB.

ω Dry Contaminants (Dust, Dirt, etc.): One of the most common yet annoying occurrences is the 
accumulation of dust or dirt in the PCB. Using a small, delicate brush like a horsehair paint brush, 
dirt and dust can be removed without affecting the components. There are restrictions on where 
even the smallest brush can reach, say below a component.

Compressed air can reach many areas but may damage vital connections, so it should be used with 
extreme care.

Specially designed vacuum cleaner for electronic components is also an option but cannot reach 
everywhere.
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Summary
ω In the modern world, electricity is essential for the functioning of computers, cell phones, lights, air 

conditioners, soldering irons, etc.

ω The resemblance of a phototransistor is quite similar to that of a transistor with a small exception. 
The base terminal is present in transistor but absent in phototransistor.

ω A PCB provides a mechanical support and connects electrically electronic components

ω Line assemblers must be able to identify the properties, layout designs and planning of CCL (Copper- 
Clad Laminates)

Activity
1. Prepare a scrap-book by dividing a page into two columns, named άŀŎǘƛǾŜ ŎƻƳǇƻƴŜƴǘǎέ ŀƴŘ άǇŀǎǎƛǾŜ 
ŎƻƳǇƻƴŜƴǘǎέΣ respectively. Collect pictures of the following components:

ω Resistor

ω Capacitor

ω Potentiometer

ω Inductor

ω Connector

ω Switch

ω Diode

ω Transistor

ω Integrated Circuit

ω Valve

Now, classify the components as active or passive and list them under the respective heads.

2. Draw a diagram of an electrical circuit with the following labelled components:

ω Copper wire

ω Battery

ω Capacitor

ω Resistor

ω LED bulb
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Exercise
Choose the correct option from the list of responses to answer the following questions:

1.  Diode is a ς

a) Conductor b) Semi-conductor c) Hand tool

2.  PCB stands for ς

a) Pakistan Cricket Board b) Printed Cable Board c) Printed Circuit Board

3.  Electronic components can be categorized in ς

a) 3 classes b) 4 classes c) 2 classes

b) Amplify energy to the circuit

4.  Passive components can ς

a) Never introduce energy to the circuit

c) Introduce energy to the circuit

5.  Which of the followings is not an essential component of an electronic circuit?

a) Voltage b) Capacitance c) Resistance

6.  What is the unit of potential difference?

a) Ampere b) Volts c) Ohm

7.  AC Current stands for ς

a) Alternative current b) Alternating current c) Altering current

8.  In a bridge rectifier, is not required.

a) Power source b) Center tap c) Resistance

9.  Which of the followings is not a semi-conductor?

a) Silicon b) Lead c) Germanium

10. Multimeter measures ς

a) Potential difference b) Resistance c) Can measure both of the above
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2. Preparing 
Workspace for 
Assembly Operations 

TEL/N2506

Unit 2.1 - Component Handling and Verification

Unit 2.2 - Assembly Tools and Procedures

Unit 2.3 - Advanced Assembly Technologies and Safety



By the end of this module, the participants will be able to:
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1. Explain the types and specifications of electronic components used in assembly operations.

2. Describe the safe handling procedures for electronic components to prevent damage or defects.

3. Demonstrate how to retrieve assembled electronic PCB boards, enclosures, accessories, and 
hardware components from stores and verify them against inventory records.

4. Show how to check all assembly parts, including electronic PCB boards, metal enclosures, and 
hardware items, for defects, mismatches, or non-conformance, and report identified issues.

5. Elucidate the types of mechanical fasteners and their applications in assembly.

6. Discuss the use and maintenance of assembly tools and semi-automatic tools.

7. Demonstrate how to collect, check calibration, and test tools and equipment for functionality, 
compliance, and report malfunctions.

8. Determine the appropriate selection and handling of soldering consumables for different 
assembly tasks.

9. Elucidate the handling and assembly procedures for 5G-specific hardware components.

10. Demonstrate how to identify and segregate 5G-specific hardware for assembly tasks.

11. Describe the use of ERP systems for inventory and production tracking in an assembly setup.

12. Show how to update inventory records using the ERP system to ensure material availability.

13. Show how to interpret and confirm understanding of work and assembly instructions.

14. Demonstrate how to arrange the required assembly parts ergonomically for smooth assembly.

15. Discuss the role of IoT-enabled tools in compliance monitoring during assembly processes.

16. Show how to use IoT-enabled tools to monitor tool compliance and performance.

17. Explain the applications of 3D printing in assembly and prototyping.

18. Demonstrate how to set up and calibrate 3D printing workstations for prototyping, small-batch 
production, and ensure printed parts meet specifications.

19. Explain the safety and environmental standards that must be followed in assembly operations.

Key Learning Outcomes



UNIT 2.1: Component Handling and Verification

Unit Objectives
By the end of this unit, the participants will be able to:

1. Explainthe typesandspecificationsof electroniccomponentsusedin assemblyoperations.

2. Describethe safehandlingproceduresfor electroniccomponentsto preventdamageor defects.

3. Demonstrate how to retrieve assembledelectronic PCBboards, enclosures,accessories,and
hardwarecomponentsfrom storesandverify them againstinventoryrecords.

4. Show how to check all assemblyparts, including electronic PCBboards, metal enclosures,and
hardwareitems,for defects,mismatches,or non-conformance,andreport identified issues.

5. Elucidatethe typesof mechanicalfastenersandtheir applicationsin assembly.

2.1.1 Drawing the Correct Components

Draw Correct Components from Stores as Per the Work Instructions

Assembly drawing may include the following additional information, 
located either in the drawing sheet or in the title block:

Å Job order number

Å Surface treatment, roughness, etc.

Å Key to machining and other symbols

Å A general note on tolerance on dimensions, not individually 
tolerance

Å Reference to tools, gauges, jigs and fixtures

Å List of the component parts

Å Alternations and revisions.
Fig 2.1.1: Specimen of a block to practise 

component drawing

2.1.2 Understanding of Work Instructions
Work instructionsare preparedclearlyand conciselyfor the colleaguesto ensurethat they are well
awareof the standardsthat needto be compliedwith while performingvarioustasks. It decreasesrisk
becausethe chanceof things goingwrong is reduced. It also improvesefficiency; work instructions
ensurethe verybestwayof doinga job is clearandknownto the peopledoingit. Thiscomprehensive
guide will show how to write work instructions that employeescan understandand benefit from.
Workinstructionshaveto be verydetailedon how to achievea particularjob,assignmentor task.

For example,a work processcould be developedto assemblethe final product with step-by-step
instructions including details as the required torque of the fastening screws. Individual work
instructionis specificto a companyor industry. Supplementaldocumentationsmaybe usedto create
detailedwork instructionssuchas:

Å UserManuals

Å Engineeringor TechnicalManuals

Å TechnicalSupportnotes

Å ManufacturingNotes

Line Assembler - Telecom Products

79



Forms are used to create:

ωRecords

ωChecklists

ωSurveys

Records are a vital output of any process or work instruction. They form the base of the process 
communications, process improvement initiatives, and audit material.

Fig 2.1.3: Single side mixed assembly workflow

Fig 2.1.4 Bottome side wave flow
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Fig2.1.2:Doublesidemixedassemblyworkflow



2.1.3 Arranging Components as per Assembly Instructions
Arrangement of components plays a major role in the work ethics of a line assembler. The
componentsareassembledin a certainmannerbasedon the usage,frequencyof useandrelationship
betweenthe components. For example,we keepthe utensilswhich are usedon a regularbasisat a
placeeasyto reach. However,the utensils,whichareusedoccasionally,arekept at the back. Similarly,
the components,whichareusedfrequently,shouldbe kept in the front.

Å Methodologiesfor ArrangingComponents

Å Twobroadclassesof task-relatedinformation

Å Informationon the useof componentsindividually

Å Informationon the relationshipsbetweencomponentsasthey areused

Thecomponentsarearrangedin sucha waythat:

Å It iseasyto find andplaceagainafter the completionof the work

Å If the componentisusedfrequently,it shouldbekept in the front

Å Thecomponentsmight reactwith the other componentsin certaincases. Hence,the relationship
between the componentsmust be consideredand the inter-reactivecomponentsmust not be
keptat vicinity

2.1.4 Verifying Specifications of All Components
It sometimes refers to the verification of specifications of components as per Drawing.

Systematic planning of all tests or calculations is mandatory to check whether the product or design 
is suitable for the application. The appropriateness of the product must be proven with the help of 
calculations or planned tests. Technical tests, on bulk products, must be conducted on defined 
characteristics related to texture, appearance, handling ability and acoustics.

Problems associated with product layouts are promptly resolved so that all sampling and mass 
production dates may be observed.

Avoid misunderstandings by using clear specifications.

Here are some vital points that should be considered at the time of verification of the components:

ω Design Verification Plan (DVP)

ω Refer Product Data Sheet ( PDS)

ω Test reports, layout calculations and tolerance studies

ω Technical and project-related data

ω Follow inspection methods that have been coordinated with carefully chosen inspection equipment 
and customer requirements

ω Provide, on schedule (Design Freeze), all drawings and specifications that are needed to observe the 
initial volume production sample date/start of production (SOP)
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2.1.5 Compliant and Correct Calibration
Calibration is the comparison of Instruments, 
Measuring and Testing Equipment (M&TE), Unit under 
Calibration (UUC), Unit under Test (UUT), a Device under 
Test (DUT) or a Test Instrument (TI) of unverified 
accuracy to an instrument with known (higher) accuracy 
to detect and eliminate unwanted variations.

Fig 2.1.7: Sample of calibration test
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Fig2.1.6:ASampleworkinstructioncopy,usedwidelyin thetelecomindustry

Importanceof Calibration:

Å All measuring,inspecting,andtestingequipmentthat canimpactor determineproductquality.
Equipmentwhichwouldproduceunsafeproducts

Å Measuringdevices

Å Equipmentwhich needsto be calibratedbecauseof an agreement. For example,a customer
beforeprogressingto signingcontractmayneedto get the equipmentvalidatedby calibration.
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UNIT 2.2: Consumables for Soldering

By the end of this unit, the participants will be able to:

1. Discussthe useandmaintenanceof assemblytoolsandsemi-automatictools.

2. Demonstratehow to collect, checkcalibration, and test tools and equipment for functionality,

compliance,andreport malfunctions.

3. Determinethe appropriateselectionandhandlingof solderingconsumablesfor different assembly

tasks.

4. Showhow to interpret andconfirmunderstandingof work andassemblyinstructions.

5. Demonstratehow to arrangethe requiredassemblypartsergonomicallyfor smoothassembly.

2.2.1 Common Tools and Equipment
1.  Screw

A screw is a cylindrical rod carved with one or more helical or advancing spiral threads, as a lead 
screw or worm screw. It has a head and a point. Common types of screws include:

Flat Head Screw Round Head Screw

Raised Head Screw Cross Head Screw

ω Flat head screw

ω Round head screw

ω Raised head screw

ω Square head screw

ω Phillips or cross head screw
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2.  Precision Screw Driver Set

Set of Screwdrivers Different Types of Screwdriver Tips

ω Used to tighten and loosen screws

ω Some common screwdrivers include:

► Flat Head Screwdriver

► Phillips Screwdriver

► Offset Screwdriver

3.  Nuts

Nuts and Bolts Fixing Nut

Nut is a fastening tool. It has coils around its body, giving it a shape of threaded pattern. The threaded 
pattern helps to join the two parts of metal or wooden components. The common types of nails are:

ω Hexagonal Nut

ω Square Nut

ω Flanged Nut

ω Cap Nut

4.  Bolts

Bolts
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Bolt looks similar to the head of a nut. Bolts are usually attached to the nuts as a joinery substance. 
The common types of bolts are:

ω Hexagonal Headed Bolt

ω Square Headed Bolt

ω Round Headed Bolt

ω Cylindrical Headed Bolt

Securing Clip

Secure clips, also called R-clips are widely used to secure the ends of round shafts such as clevis pins 
and axles.

5.  Spanner

A spanner is an instrument used to provide mechanical advantage and grip in applying torque to 
turn objects such as rotary fasteners, nuts and bolts.

6.  Forceps

These are used when the fingers are too large to grasp tiny items or when several items need to be 
held simultaneously while the hands are used to perform a task.

7.  Forming Plier

Forming pliers are large-jawed pliers for forming sheet metal and wire into a variety of shapes.
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2.2.2 Basic Assembly and Hand Tools
Ascertain Availability of All Parts/Components, Tools and Equipment to Carry Out Work

Work equipment may be defined as the machinery, appliance, tool or installation for use at work. 

Make sure the availability of all tools and equipment to carry out work:

Equipment used at work includes the following:

ω Hand tools - drills, hammers, handsaws, knives, sharpening tools, riveters etc.

Hammer: A good quality Steel hammer is used to drive nails in the components.

Measuring Tape: Measuring tapes are used b to measure the area and extent of cutting an object.

Clamps: Clamps are used to hold the work-piece tightly to work on it. For example, if screw needs to be 
driven in to a delicate part of the sub-assembly, G-clamp is used to hold it in the desired angle.

Marking Tools: marking tools like pencil is used to sketch cutting lines on the object.

Screwdriver: Screwdrivers are used to tighten and loosen screws.
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Plier: Pliers are mainly used to grip and twist objects like pipe or wire. The long frontal part of the plier 
helps to grip or squeeze the object easily, which are difficult to do manually.

Providing and using work equipment safely:

Providing a manual or a booklet is a recommended practice. It will be beneficial for employees. There 
may be specific requirements related to the equipment that an organisation uses at work. In this case, 
the booklets will point towards further information one may require.

Equipment used by employees are covered. For example, power presses, ladders, hammers, knives, 
drilling machines, circular saws, lifting equipment (including lifts), motor vehicles, dumper trucks, 
photocopiers, etc.

Dos and ŘƻƴΩǘǎ of machinery

As the duty holder every organization should ensure that all employees likely to use machinery
understand and follow these dos and ŘƻƴΩǘǎΥ

5ƻΧ

ω Examine if the machine is well maintained and fit  to be used, i.e. in proper conditions for the job and 
all the safety measures are in place

ω Use the machine and its parts properly in accordance with the ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ recommendations

ω Ensure employees are using the Personal Protective Equipment (PPE), required for particular 
machine or process

ω Ensure that workers who use machinery are competent enough to use it safely. Provide training 
whenever necessary

5ƻƴΩǘΧ

ω Use a machine that has a danger sign tagged to it. The sign should only be removed by an authorised 
person who can affirm that the machine is safe to use

ω Remove any safeguard, even if their presence makes the job complex

ω Wear loose clothing, dangling chains, rings or have loose long hair prone to get caught up in moving 
particles

ω Distract people at work
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2.2.3 Assembly Line and Equipment Maintenance
Why is maintenance of assembly line and equipment important?

Additional hazards can take place when equipment and plant becomes unreliable and develops faults. 
Maintenance enables these faults to get diagnosed at an early phase to manage further risks. However, 
proper planning and correct execution is required to carry out maintenance. Unsafe maintenance can 
cause fatalities and severe injuries either during the maintenance or during operating badly maintained 
equipment.

Effective maintenance programmes make equipment and plant more reliable. Fewer breakdowns imply 
to less dangerous contact with machinery is required, as well as having the cost benefits of better 
productivity and efficiency.

The Provision and Use of Work Equipment Regulations (1998) state equipment and plant to be 
maintained properly so that it remains safe and hazard-free.

Safe working areas:

One must arrange for safe and secure place of work:

ω 5ƻƴΩǘ focus only on the safety of maintenance workers ς take the needful precautions to make sure 
that the safety of others who may get impacted by their work

ω Set up barriers, position and signs and personnel at key points to keep others out

ω Equipment and plant must be made secure before maintenance commences

ω Ensure to stop moving plant and isolate them from electrical supplies. Ideally, maintenance should 
be done with the power off

ω Lock the machines off if there is a possibility of the power to get back (even if accidentally)

ω Isolate electrical lines, plant and valves which contain gas, steam, pressured fluid or hazardous 
material. Lock off the isolating valves as a safety precaution

2.2.4 Safe Handling Practices
ω Before allowing an employee to use a machine, chalk out the risks involved and how the risks can 

be managed.

ω Inspect if all safeguards attached are free from defects.

► The term ΨǎŀŦŜƎǳŀǊŘΩ includes:

► Personal Gears

► Interlocks

► Two-Hand Controls

► Hand Guards

► ESD (Electrostatic Discharge) strips /  mats

ω By regulation, the suppliers must provide proper safeguards and inform buyers of further risks that 
users need to know and manage

ω Produce a secure system of work by maintaining the machines properly

ω Maintenance may call for regular inspections of critical features where disintegration would amount 
to a risk

ω Ensure every proper installation of the static machines and their stability. 5ƻƴΩǘ install them at a
location where others are exposed to risk
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Preventing access to dangerous parts:

Make use of the best material for the guards. For example, plastic is easy to see through as it is transparent 
but may be damaged easily. For cases where wire mesh or similar materials are used, ensure that the 
holes are not big enough to let the moving particles in.

If the scope of using fixed guards is faint, apply other methods. The guard must be interlocked so that 
the machine cannot start before the guard is closed and vice versa. In a few cases, trip systems like 
pressure-sensitive mats, automatic guards or photoelectric devices may be exploited if other guards are 
not applicable.

Where guards cannot offer full protection, jigs, holders, push sticks, etc. must be used. Remaining risks, 
if any, must be controlled by providing the operator with the essential information, training, instruction, 
supervision and proper safety equipment. Proper training should ensure that those who use the machine 
are capable enough to use it safely.

Untrained, unauthorised or unqualified people should not use machinery.

Fig 2.2.1: Keep the workspace tidy and clean

Sequence the Parts and Subassemblies in Correct Order: A subassembly is a part of the Bill of Material 
or BOM that is exploited as a component. Subassemblies are generally used as components in several 
BOMs, i.e. they are parts of multiple product structures. Store control depends on the time-phased 
nature of the master schedule. Jobs are propagated to production in the appropriate sequence of multi- 
level assembly.

Creating Subassembly BOMs: If one has to define subassembly specifications within other Bill of 
Materials and require giving them their own BOMs to align to the above guidelines, take the steps 
furnished below:

ωCreate a parent BOM item to fabricate the subassembly

ωCreate a specific header for the parent item of the subassembly by assigning it a particular type of 
BOM

ωIn the newly created BOM, enter the subassembly components and routing sequences

ωDelete the components and routing sequences associated with the previous BOM

ωIn BOMs where the subassembly was defined earlier, add the parent item of the subassembly as a 
component

Participant Handbook

90



When does the quantity of the sub-assemblies differ from the parent quantity?

Whenever a subassembly has a variant magnitude of quantity than the same of the parent item, it 
must be well defined with its own BOM. The reason behind it is that the BOM routing is dependent on 
the parent quantity for costing calculations and scheduling. If one mixes subassembly sequences with 
parent item sequences, there is high chances of using wrong quantity, which makes costing calculations 
and scheduling insignificant.

Subassembly BOM ς a necessity with store and MRP control:

Using subassembly BOMs is essential for store and MRP (Maximum Retail Price) control. Subassembly 
BOMs enable MRP to fabricate subassembly jobs as per interdependent demand. They help jobs get 
released in the appropriate order of multi-level assembly as subassembly jobs are completed. They 
enable each subassembly to get its own traveller and to have its routing sequences scheduled in 
sequential order within work centres.

Fitting Sub-Assemblies and Components:

ω Work safely at all times by following health and safety norms and guidelines

ω Plan the fitting and assembly activities before you start them

ω Obtain and prepare the appropriate components, tools and equipment

ω Use suitable methods of assembling and fitting the components in correct positions

ω Fasten the components with the help of specified securing devices, fasteners, and connectors

ω Examine the completed assembly to make sure that all operations have been finished and the 
finished assembly meets the desired specification

ω Deal effectively with problems within your span of control and seek guidance from appropriate 
people, if you have come across problems that cannot be resolved

ω Leave the work area in a safe and tidy condition on completion of the assembly activities
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2.2.5 Hand Tools Used in PCB Assembly Area

Name of the Tool Description Image

Diagonal Plier/ Wire 
Cutter

These are intended for cutting 
wire and are not used for grabbing 
or turning any item. The plane
demarcated by the ƧŀǿǎΩ cutting

edges intersects the joint rivet 
diagonally or at an angle.

Nose Plier

These are both holding and cutting 
pliers used by jewellery designers, 
artisans, electricians, network 
engineers and other tradesmen to 
bend, re-position and snip wire.

Wire Stripper

This is a small-sized, hand-held 
device used for stripping the 
electrical insulation from electric 
wires.

Tweezers

These are small-sized tools used 
to pick up objects too small to be 
handled by bare hands. They are 
derived from tongs, scissors, or 
pincers.

Participant Handbook

92



Soldering Iron

This is a hand tool used in soldering, 
which supplies heat for melting solder 
so that it is able to flow into the joint 
between two jobs

De-soldering Pump

De-soldering Pump is used to remove 
solder and components from a circuit 
board for troubleshooting, repair, 
replacement, and salvage

De-soldering Wick or 
Braid

This is a fine mesh of flux-coated 
copper strands that absorb solder 
when heated. Easier and more 
effective than a solder-sucker, the 
braid can be used to remove solder 
that bridges surface mount.

Soldering Paste

Solder paste is a material used in 
the manufacture of printed circuit 
boards to connect surface mount 
components to pads on the board.
It is also possible to solder through 
hole pin in paste components by print 
solder paste in/over the holes.

Soldering Lead

This is a fusible metal alloy used for 
creating a long-lasting bond between 
metal work-pieces. In electronics, it is 
typically a mix (63:37) of tin and lead.

Soldering Flux

Soldering flux is a chemical flowing 
agent, cleaning agent, or purifying 
agent. These may have more than one 
function at a time. These are used

in both metal joining and extractive 
metallurgy.
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Thermal Wire Stripper

Thermal wire strippers are ideal 
choices for stripping stranded and 
solid wires up to ½ inches. In addition 
to that, these tools are exploited to 
cut through the insulators which are 
otherwise difficult to penetrate.

Adjustable Electronic 
Board Holders

As G-clamps or Bar Clamps help 
carpenters to attach the work piece 
tightly to a holder, the adjustable 
electronic board holders help line 
assemblers to attach PCBs. Thus, the 
tool is often referred to as Adjustable 
PCB Holder. The term adjustable
is used because the tool permits 
workers to rotate the attached PCB 
3600. Normally the device is made 
of non-conductive materials such as 
plastic.

Lead Free Solder

Lead free solders are extremely 
effective in soldering and wetting 
through holes. It also allows workers 
to work on parts which consist of 
narrow pitch. It shows high insulation 
and anticorrosive properties even 
after soldering is finished.
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Summary
ω Work instructions are prepared clearly and concisely for the colleagues to ensure that they are well 

aware of the standards that need to be complied with while performing various tasks.

ω Work instructions have to be very detailed on how to achieve a particular job, assignment or task.

ω Line assemblers must be able to identify and use various hand tools and equipment.



Activity
Identify the tools given below and write down their names in the blank provided below each diagram:
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Exercise
Choose the correct option from the list of responses to answer the following questions:

1. are both cutting and holding pliers used by artisans.

a) Wire strippers b) Nose pliers c) Diagonal pliers

b) Chemical agent used as purifier

2.  Solder flux is a ς

a) Metal amalgamation
c) Soldering iron used as connectors

3.  Which of the followings is not an example of passive component?

a) Resistor b) Capacitor c) Transistor

4.  Which of the followings is not an example of active component?

a) Transistor b) Switch c) Diode

5.  Which one of the following options should be considered while arranging for components?

a) Size of the component b) Frequency of usage of the components

c) Colour of the component

6.  State TRUE or FALSE ς ά{ŎǊŜǿŘǊƛǾŜǊǎ are used to tighten and loosen ǎŎǊŜǿǎέΦ

a) True b) False c) Partially true

b) Design Validation Plan

7.  DVP stands for ς

a) Device Verification Plan

c) Design Verification Plan

8.  In terms of looks, bolts are similar to that of ς

a) Nuts b) Screws c) Tweezers

9.  Which of the followings is not a fastening tool?

a) Nuts b) Screws c) Securing clips

10. Which of the followings will you use to separate components from the PCB board?

a) De-soldering braid b) De-soldering pump c) Tweezers

96
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UNIT 2.3: Advanced Assembly Technologies and Safety 

By the end of this unit, the participants will be able to:

1. Elucidatethe handlingandassemblyproceduresfor 5G-specifichardwarecomponents.

2. Demonstratehow to identify andsegregate5G-specifichardwarefor assemblytasks.

3. Describethe useof ERPsystemsfor inventoryandproductiontrackingin anassemblysetup.

4. Showhow to updateinventoryrecordsusingthe ERPsystemto ensurematerialavailability.

5. Discussthe role of IoT-enabledtoolsin compliancemonitoringduringassemblyprocesses.

6. Showhow to useIoT-enabledtoolsto monitor tool complianceandperformance.

7. Explainthe applicationsof 3Dprinting in assemblyandprototyping.

8. Demonstratehow to set up and calibrate 3D printing workstationsfor prototyping, small-batch
production,andensureprintedpartsmeetspecifications.

9. Explainthe safetyandenvironmentalstandardsthat mustbe followedin assemblyoperations.

2.3.1 Understanding 5G-specific Hardware Components

5G networks require advancedhardware for high-speed, low-latency communication. Common
componentsinclude:
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Component Function Example / Visual

5G Small Cells Boosts network coverage and capacity[Small Cell Icon]

Massive MIMO Antennas
Supports multiple simultaneous 
connections

[Antenna Icon]

mmWave Radio Units
Operates at high-frequency bands for 
ultra-fast speed

[Radio Unit Icon]

5G Baseband Units (BBU) Processes digital signals for the network[BBU Icon]

Optical Transceivers
Transmit and receive high-speed data 
over fibre

[FibreIcon]

2.3.2 Assembly Procedures

Assemblyproceduresfor 5G-specifichardwarecomponents.

Assemblyof 5G hardware components involves preparing tools and checkingparts, positioning
modulesandconnectorsasper layouts,securingcomponentswith correct torque, routing cablesand
fibre optics carefully, and finally performing basic tests and power-on checksto ensure proper
functionality.



99

1. Check the work order and assembly drawings.

2. Gather required tools: torque screwdriver, 
alignment jig, ESD tester.

3. Inspect all parts for physical damage.

Step 1: Preparation

1. Align components according to the layout diagram.

2. Ensure connectors and slots match in orientation.Step 2: Component Positioning

1. Use the correct torque settings for screws and 
bolts.

2. Avoid over-tightening to prevent PCB or casing 
damage.

Step 3: Securing Components

1. Route cables neatly and fix with cable ties.

2. Ensure fibre optic cables are not bent beyond their 
bend radius.

Step 4: Cable and Connector 
Assembly

1. Perform basic continuity tests.

2. Check LED indicators for initial power-on status.Step 5: Testing & Verification

2.3.3 Identifying and Segregating 5G-Specific Hardware for 
Assembly
Asa LineAssemblerςTelecomProducts,youmust first be ableto correctlyidentify andsegregate5G-
specifichardware componentsbefore beginningany assemblywork. This step ensuresefficiency,
preventsmix-ups,andmaintainsproductquality.

1. Identify 5GHardwareComponents

ÅLookfor key modulessuchas antennaarrays,RFunits, power supplyboards,small cells,PCB
boards,opticaltransceivers,andconnectors.

ÅCheckeachpart againstthe assemblydrawingor bill of materials(BoM)providedwith the work
order.

ÅPayattention to labels,part numbers,barcodes,or QRcodesto confirm the componenttype
andmodel.

2. SegregateComponentsby Category

ÅPlacecomponentsin separatetrays or bins basedon their function: e.g., antennas,circuit
boards,cables,screws,andconnectors.

ÅEnsureelectrostatic-sensitivedevices(like PCBsand chips)are kept in anti-static pouchesor
ESD-safecontainers.

ÅHeavymechanicalparts should be stored separatelyfrom delicate electronic componentsto
avoiddamage.
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3. Checkfor PhysicalCondition

ÅInspecteachpart for scratches,bent pins,cracks,or missinglabels.

ÅSegregateanydamagedor defectivepart andreport it immediatelyfor replacement.

4. Preparefor Assembly

ÅArrange the verified and segregatedcomponentsin the sequencethey will be used during
assembly.

ÅKeepthem on anESD-protectedworkstationfor easyaccessandsafehandling.

2.3.4 Use of ERP Systems for Inventory and Production 
Tracking in an Assembly Setup
In a moderntelecomassemblysetup,EnterpriseResourcePlanning(ERP)systemsare widely usedto
manageandmonitor both inventoryandproductionactivities. Fora line assembler,understandingthe
basicrole of ERPhelpsin workingmoreefficientlyandaccurately.

1. InventoryManagement

Å ERPsystemsrecord the availabilityof components(suchasPCBs,RFmodules,antennas,and
connectors)in real time.

Å Assemblerscan check whether the required parts are in stock, reserved, or need
replenishmentbeforestartingthe task.

Å It reducesthe chancesof delayscausedby missingor misplacedcomponents.

2. ProductionTracking

Å Eachassemblytaskis linkedwith a work order in the ERPsystem.

Å Progresscan be tracked at different stages,such as componentsissued,assemblystarted,
assemblycompleted,andqualitychecked.

Å Thisensurestransparencyandallowssupervisorsto identify bottlenecksquickly.

3. TraceabilityandQuality Control

Å ERPsystemskeepa record of batch numbers,serialnumbers,and inspectionreports, which
helpsin tracingissuesif a defectis foundlater.

Å Thisimprovesaccountabilityandsupportscompliancewith telecomqualitystandards.

4. EfficiencyandProductivity

Å Byautomatingdataentry andreporting,ERPreducespaperwork.

Å It allowsassemblersto focuson their core taskswhile ensuringthe right part is usedat the
right time in the right quantity.

For a line assembler,ERPis not about complexsoftware usage,but about checking,updating,and
followingthe systemrecordsto ensuresmoothinventoryflow andaccurateproductiontracking.
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2.3.5 Updating Inventory Records in ERP
To ensuresmoothassemblywork, you must keepthe ERPsystemupdatedwith material usage. This
helpsmaintaincorrectstocklevelsandavoidsdelaysdueto shortages.

1. LogIn to ERP

ÅUseyour logincredentialsprovidedby the supervisor.

2. CheckMaterial Availability

ÅSearchfor the requiredcomponent(e.g., antenna,PCB,cable).

ÅConfirmavailablestockbeforestartingassembly.

3. IssueMaterial for Assembly

ÅSelectthe work orderandupdatethe quantityof materialstakenfrom inventory.

ÅExample: If youtake10antennasfor assembly,updateά10ƛǎǎǳŜŘέin the ERPsystem.

4. Returnor ReportBalance

ÅIf somematerialsareunused,markthem asάǊŜǘǳǊƴŜŘ.έ

ÅReportanydamagedcomponentsimmediatelyin the ERP.

5. Verify UpdatedRecords

ÅCheckthat the ERPnow reflectsthe correctstockbalance.

ÅThisensuresthe nextassemblerwill alsohaveaccurateinformation.

ÅDiscussthe role of IoT-enabledtoolsin compliancemonitoringduringassemblyprocesses.

2.3.6 Role of IoT-Enabled Tools in Compliance Monitoring
In moderntelecomassemblyprocesses,IoT-enabledtools playa keyrole in ensuringcompliancewith
quality and safety standards. Thesesmart tools are connectedto the network and automatically
recorddata,whichhelpsboth assemblersandsupervisorsmaintainaccuracy.

1. Real-TimeDataCollection

ω IoT tools like smart torque screwdrivers,ESDmonitors, and temperature sensorscapture
datawhileyouwork.

ω Example: Asmartscrewdriverrecordsthe exacttorqueappliedandsendsit to the system.

2. ErrorPrevention

ω If a componentis tightened incorrectlyor a cableis connectedwrongly, IoT tools cangive
instantalerts.

ω Thispreventserrorsfrom becomingbiggerissueslater.

3. Compliancewith Standards

ω Datacapturedisautomaticallystoredin the systemfor audit andqualitychecks.

ω Thishelpsprovethat the assemblywasdoneasper telecomandsafetyguidelines.

4. Traceability

ω Everyaction (e.g., tighteninga screw,fitting a PCB,connectinga cable)is time-stampedand
linkedto the assembler.

ωThiscreatesa clearrecordfor future referenceif anydefectis reported.

5. ImprovedProductivity

ω IoT tools reducemanualrecord-keepingand give assemblersmore time to focuson actual
work.

ω Supervisorscanmonitor complianceremotelywithout interruptingthe workflow.
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2.3.7 Show how to use Iot-enabled Tools to Monitor Tool 
Compliance and Performance
IoT-enabled tools are regular assemblyor testing tools fitted with sensors,microcontrollers,and
connectivityfeatures(likeWi-Fi,Bluetooth,or RFID).
Å Smartscrewdriversςrecordtorque levelsandtighteningsequence.
Å IoT-enabledmultimetersςmeasureandtransmitelectricalvaluesdirectlyto a system.
Å Smartsolderingstationsςmonitor temperatureaccuracyandsafety.

Step1: Connectthe Tool
Å Switchon the IoT-enabledtool.
Å Ensureit ispairedwith the monitoringsystem(viaWi-Fi,Bluetooth,or LAN).
Å Checkindicatorlights/displayfor successfulconnection.

Step2: Verify ToolCompliance
Å Openthe monitoringapplication/dashboardon a PCor mobile.
Å Checkcalibrationstatus,usagehistory,andtool ID.
Å Confirmthat the tool meetscompliancerequirementsbeforestartingwork.

Step3: Monitor PerformanceDuringWork
Å Startusingthe tool asper assemblyinstructions.
Å Observethe livedatafeedon the screen(e.g., torquevalue,temperature,pressure).
Å Ensurereadingsmatchthe requiredstandards.

Step4: TakeActionon Alerts
Å If the system gives an alert (overheating, incorrect torque, excessivevibration), stop work

immediately.
Å Reportto the supervisor/maintenanceteam.
Å Replaceor recalibratethe tool if needed.

Example: Whileassemblinga telecomantennaunit, the assemblerusesa smartscrewdriver.
Å Thesystemdisplaysthe torqueappliedto eachscrew.
Å If onescrewisunder-tightened,analert popsup on the dashboard.
Å Theassemblercorrectsit immediately,ensuringthe unit meetstelecomqualitystandards.
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2.3.8 Applications of 3D Printing in Assembly and Prototyping

What is 3Dprinting?

3D printing (additivemanufacturing)makesreal parts layer-by-layer from a digital file.LǘΩǎusefulon

the shopfloor becausewe canmakecustomtoolsandquicksampleswithout expensivemolds.

A. How it helpsin Assembly

1. Jigs& Fixtures(Holders)

ÅHoldPCBs,connectors,or smallhousingssteadywhile drilling,soldering,gluing,or testing.

ÅImprovesaccuracy,reducesrework,andkeepshandssafe.

ÅExample: a 3D-printedclampto holda router casingduringscrewtightening.

2. CableGuides& Clips

ÅCustomclipsfor neatcablerouting insidetelecomdevices(ONTs,Wi-Firouters,RFunits).

ÅColor-codedclipshelp in standardwork andfasterinspections.

3. AssemblyAids

ÅSpacers,alignmentpins,cornerlocators,torque-tool noseguidesτprinted to exactsizefor your

model.

ÅLightweight= easierhandling,lessfatigue.

B. How it helpsin Prototyping

1. Mock-ups(Fit & Feel)

ÅPrintearlyversionsof enclosuresor bracketsto checksize,holepositions,andclearancesbefore

metal/plastictooling.

2. FunctionalTry-outs

ÅchaTestdoor latches,snap-fits, hingemovement,andairflow openings.

ÅQuicknges: updateCADҦ reprint the improvedpart the sameday.

3. Low-volumeParts

ÅSmallbatchesof non-criticalparts(covers,caps,labels,nests)canbe printed on demandto keep

the line moving.

C. SimpleWorkflow¸ƻǳΩƭƭFollow

Å Getthe file (STLfrom engineering).

Å Slice& setbasics(material= PLA/ABS,layerheight,infill).

Å Printsafely(ventilationon,keephandsawayfrom hot nozzle/bed).

Å Post-process(removesupports,light filing/sanding).

Å Fit check(doesit align?do holesmatch?doesthe boardsit flat?).

Å Useon line (follow SOPfor the jig/fixture; storeit labeled).
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D. SafetyandEnvironmentalStandardsin AssemblyOperations

Å ElectricalSafety: Ensureproperearthingof equipmentandkeepliquidsawayfrom machines.

Å ThermalSafety: Handleheatednozzles/bedswith protectivegloves.

Å ESDProtection: UseESDwrist strapsandmatswhenhandlingtelecomPCBs.

Å PersonalProtectiveEquipment(PPE): Gloves,goggles,andantistaticshoesasper SOP.

Å Ventilation: Operate3Dprintersin well-ventilatedareasto avoidinhalingfumes.

Å WasteManagement: Collectscrapplasticandsupportmaterialseparatelyfor recyclingor safe

disposal.

Å EnvironmentalCompliance: Followworkplacerulesfor noise,dust,andenergyefficiency.
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3. Assembly 
Operations in 
Production Line

TEL/N2507

Unit 3.1 - Performing Assembly Operations in Telecom 

Production

Unit 3.2 - Managing Production and Post-Assembly Activities



By the end of this module, the participants will be able to:
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1. Explain the process of assembling telecom devices/products in a production line. 

2. Discuss how automation and smart manufacturing methods improve efficiency in telecom device 
assembly. 

3. Describe the use of digital tools for inventory and production management in telecom 
manufacturing. 

4. Elucidate the key post-assembly activities required to ensure product quality and compliance. 

KeyLearningOutcomes



UNIT3.1: Performing Assembly Operations in Telecom 
Production

Unit Objectives

By the end of this unit, the participants will be able to:

1. Explainthe applicablequality standards,compliancerequirements,andhealthandsafetypolicies
in telecomassemblyoperations.

2. Demonstratethe processof conductingpre-assemblysafety compliancechecksbefore starting
operations.

3. Describethe roles,responsibilities,andreportingstructuresin the assemblyline.

4. Discussthe handlingandassemblyof variouselectronicandmechanicalpartsin telecomdevices.

5. Elucidatethe different electroniccomponentsusedin mobilephonesandtheir functions.

6. Determine the importance of polarity in electronic components and its impact on device
functionality,alongwith the mechanicalitemsusedin the assemblyprocess.

7. Showhow to handlecomponentscarefullyandensureproperfitment usingappropriatetools.

8. Demonstratethe correct proceduresand sequencesfor assemblingcomponentssuch as RFID
tags,Wi-Fi,andBluetoothmodules.

9. Describethe safeandcorrectusageof assemblytoolssuchasscrewdrivers,pliers,andtweezers.

10. Explainthe workingprinciplesandapplicationsof semi-automaticandautomatedassemblytools.

11. Showhow to ensureall required tools and equipment are operationaland properly calibrated
beforeassembly.

12. Discussthe properhandlingandstorageof PCBs,includingbakingandflux application.

13. Elucidatebasicsolderingtechniques,defectidentification,andreworkprocedures.

14. Demonstratehow to checkthe availabilityof all required parts, tools, and componentsas per
assemblyspecifications.

15. Showhow to arrangepartsandsub-assembliesin the correctsequencefor anefficientworkflow.

16. Demonstratehow to interpret technicaldiagrams,specifications,and schematicsaccuratelyfor
assembly.

17. Showhow to perform basicquality checksto verify correct assemblybefore movingto the next
stage.

18. Demonstratethe useof IoTsensorsto track assemblyitemsand ensureplacementaccuracyand
efficiency.

19. Show how to operate Robotic ProcessAutomation (RPA)tools for automated pick-and-place
assembly.

20. Demonstratehow to use machinevision systemsfor real-time quality inspection and defect
detection.

LineAssembler- TelecomProducts
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Category Key Points For Learners (What You Should Do)

Quality Standards ¶ ISO 9001: Quality process & 
documentation

¶ ISO/IEC 27001: Data & info security
¶ RoHS: Restriction of hazardous 

substances
¶ IPC Standards: PCB handling & soldering 

quality - BIS/TEC (India): Product 
certification

¶ Check if components/tools have 
certification 

¶ Follow IPC rules for PCB handling 
¶ Never use unapproved or uncertified 

parts

Compliance 
Requirements

¶ Follow company SOPs - Use calibrated 
tools only - Maintain records of material 
usage - Perform intermediate & final 
quality checks - Report defects quickly

¶ Always use updated SOPs
¶ Record parts usage properly 
¶ Inform supervisor if mismatch or 

defect occurs

Health & Safety 
Policies

¶ Personal Safety: PPE (gloves, goggles, ESD 
strap) Electrical Safety: Proper grounding, 
no live work without approval ESD Safety: 
Anti-static mats, bags, straps Fire Safety: 
Use fire extinguishers, avoid flammables 
Environmental Safety: Dispose waste 
properly

¶ Wear PPE before starting work 
¶ Use ESD protection when handling 

PCBs 
¶ Keep tools & cables organized
¶ Dispose waste in correct bins 

(hazardous / non-hazardous)

Why It Matters ¶ - Zero-defect assembly - Reduced 
accidents - Environmental protection -
Builds customer trust

¶ Apply standards daily
¶ Work carefully to avoid rework
¶ Think safety first

3.1.1 Standards, Compliance Requirements, and Health and 
Safety Policies in Telecom Assembly Operations

3.1.2 Roles, Responsibilities, and Reporting Structures in 
the Assembly Line

Role Responsibilities Reporting Structure

Line Assembler Assemble telecom parts as per 
instructions, follow safety and quality 
rules, report defects to supervisor.

Reports to Supervisor/Line 
Leader

Line Leader / SupervisorDistributes work, checks assembly 
quality, ensures compliance with 
standards, guides assemblers.

Reports to Production 
Manager

Quality Inspector Performs quality checks at different 
stages, ensures products meet 
standards, reports issues.

Reports to Quality Manager

Production Manager Plans production targets, ensures 
workflow, coordinates between 
supervisors and higher management.

Reports to Plant / Factory Head

ParticipantHandbook
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3.1.3 Handling and Assembly of Various Electronic and 
Mechanical Parts

Part Type Examples Handling Guidelines Assembly Guidelines

Electronic Parts - PCB (Printed Circuit 
Board)- Chips & 
Modules (Wi-Fi, 
Bluetooth, RFID)-
Resistors, Capacitors, 
Diodes, LEDs-
Connectors & Cables

- Always wear ESD strap and 
gloves- Avoid touching 
circuits with bare hands- Use 
tweezers/pick tools for small 
parts- Keep in anti-static 
bags

- Ensure correct polarity for 
components- Place as per 
circuit diagram- Insert 
connectors gently, avoid 
force- Route cables neatly

Mechanical 
Parts

- Casings & Covers-
Screws & Fasteners-
Heat sinks, shields-
Display & keypad units

- Handle with clean gloves to 
avoid scratches- Keep screws 
sorted by size- Align parts 
properly before tightening

- Use correct screwdriver- Do 
not over-tighten screws- Fix 
heat sinks/shields firmly-
Assemble covers and displays 
carefully

DŜƴŜǊŀƭ 5ƻΩǎς - Wear PPE (gloves, ESD 
strap)- Keep parts labelled & 
organized- Follow 
diagrams/SOPs

ς

DŜƴŜǊŀƭ 5ƻƴΩǘǎς -5ƻƴΩǘ ŦƻǊŎŜ ŀ ǇŀǊǘ ǘƻ Ŧƛǘ-
5ƻƴΩǘ ƳƛȄ 
screws/components-5ƻƴΩǘ 
touch circuits with bare 
hands

ς

3.1.4 Electronic Components used in Mobile Phones and 
their Functions

Fig. 3.1.1: Different components of a mobile phone
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Thedifferent componentsof amobilephoneare:

Component Image

1. Chargingsystem:Amobilephonecanbechargedbymeans 
of anadapteror a USBcable.Onceit ischarged,openthe 
chargingplug.It isharmfulfor both the batteryandcharger 
to chargeamobilethroughoutthe night.After buyinga
newmobileset,the batteryshouldbechargedfrom 12to 
18hoursat a stretch.

2. Battery:Acontainercomprisesoneor morecells,in which 
chemicalenergyisconvertedinto electricityandutilisedas 
apowersource.Thebatteryof mobilephoneis3.6volts 
and currentis500Amps(Amperes)-1800Amps.

3. Backupbattery: It lookslikethe batteryof aclock.Being 
roundedandsilvercoloured,it actsasabackuppower 
supplyto controlthe dateandtime of amobile phone.

4. SIMDriverIC:It issquarein shapeandbluein colour.It is 
usuallyfoundbelowthe SIMsocketandsideof keyboard 
interfaceIC.Belowthis ICcover,thereare3 rowswith 8
nodes.Bymakingjumper,wecanremovethe problemof 
SIMfaults.

5. KeyboardinterfaceIC:It issquarein shapeandbluein 
colourlikeSIMIC.Normally,it islargerthanthe SIMIC.It 
has5 rowswith nodepointsabove20(KeysNumber).

6. FMIC:It issquarein shape.In nokia2760,this ICstays 
belowthe vibrators.Thefunctionof this ICisto controlthe 
FMin mobilephones.

7. DisplaySocketTrack:Thissocketmakesthe connection 
betweenthe display(LCD)andthe motherboard.It is 
usuallyplacedon the backsideof the motherboard.
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8. Network amplifier: It isrectangularandcomeswith a
metalcover.PF(PowerFactor)/RFiswritten on it. Blackin 
colour,it amplifiesthe outgoingsignalof the mobile.If it is 
damaged,ΨƴƻŀŎŎŜǎǎΩsymbolwill comein display.At first, 
wehaveto re-solderit. If the problemisnot solved,then it 
needsto bechanged.

9. LED(LightEmittingDiode)andLCD(LiquidCrystal 
Display):LEDisa diodewhichisusedon the light in the
motherboard.It actsin forwardbias.Thisdiodeisfabricated

by the materialslikeAs(Arsenic),Ga(Gallium),, etc. In case 
of mobilephones,,LEDispresentinkeypad,display,etc.
ActuallyLEDtransfersthe electricalenergyto light energy. 
Therefore,it isknownasLightEmittingDiode.Thefull form
of LCDisaLiquidCrystalDisplay.

10. SIMsocket:Blackin colourandrectangularin shape,asim 
sockethas6 pins.It isusedfor the purposeofcontactas 
well asactivatedSIMcard,RejectedSIMcard,SIMcardetc.

11. SIMcard:GSMmobilephonesneeda little microchipcalled 
the SubscriberIdentityModuleor SIMcard,for functioning. 
TheSIMcardisaboutthe sizeof asmallpostagestampand 
isgenerallyplacedbelowthe at the backof the unit. The 
SIMsafelyhousesthe service-subscriberkey(IMSI)usedto 
identifyasubscriberonmobiletelephonydevices.TheSIM 
cardpermitsusersto changephonesbysimplyremovingit 
from onemobilephoneandinsertingit into anotheroneor 
broadbandtelephonydevice.

12. AudioIC:It isthe secondlargestICin the mobile mother
board.It isrectangularandhas48to 60pins. SomeaudioIC
hasmorethan60pins.Thefunctions of speaker,
microphoneandringerarealmost dependentbyaudioIC.

LineAssembler- TelecomProducts
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Importanceof Polarity in ElectronicComponents

ω Polarity means that a component has a positive (+) and negative (ς) side, and it must be

connectedcorrectlyin a circuit.

ω Manyelectroniccomponentssuchasdiodes,LEDs,capacitors,andbatteriesarepolarized.

ω If polarity is reversed:

o Thecomponentmaynot work (e.g., LEDǿƻƴΩǘglow).

o It maygetdamaged(e.g., electrolyticcapacitorcanburst).

o Thewholedevicemayfail or malfunction.

ω Correctpolarityensures:

o Safeoperationof the device.

o Propercurrent flow in the circuit.

o Longerlife of components.

Impacton DeviceFunctionality

ÅWrongpolarityҦdevicemaystopfunctioning.

Å Heat,sparks,or smokemayoccurin severecases.

Å CorrectpolarityҦstablepowersupply,accuratesignaltransmission,andreliableperformance.

MechanicalItemsUsedin AssemblyProcess

In telecom/electronicproduct assembly,workersalsohandlemechanicalparts alongwith electronic

components. Theseinclude:

1. FastenersςScrews,nuts,bolts,washers(usedto fix PCBs,covers,andmodules).

2. Enclosures/ CasingsςPlastic/metalhousingsthat protect the circuit.

3. HeatsinksςUsedwith powercomponentsfor heatdissipation.

4. Connectors& SocketsςForjoiningcables,wires,andboards.

5. Mountingframes/ bracketsςToholdPCBsandmodulesin position.

6. CablesandtiesςForwiringmanagement.

7. Gaskets/ spacersςProvideinsulation,spacing,andprotection

3.1.5 Determine the Importance of Polarity in Electronic 
Components and Its Impact on Device Functionality, Along 
with the Mechanical Items used in the Assembly Process
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3.1.6 Handling Components using Appropriate Tools

Aspect Key Points (Theory) Practical Application / Tools

Handling Electronic 
Components

¶ Handle with clean and dry hands or 
use ESD strap/gloves to prevent 
damage.

¶ Hold components by the body, not 
the pins/leads.

¶ Avoid touching component surfaces 
to prevent contamination.

¶ Use tweezers, pliers, or 
vacuum pick-up tools to pick 
and place small parts.

¶ Place components on anti-
static mats.

Ensuring Polarity & 
Orientation

¶ Check the polarity marks (+, ς) and 
pin numbers before fitting.

¶ Follow circuit diagram/assembly 
drawing for correct direction.

¶ Use magnifying lamp or 
multimeter for verification.

¶ Double-check alignment 
before soldering or fixing.

Mechanical Fitment ¶ Ensure parts are aligned properly with 
PCB holes or housing slots.

¶ Do not force parts into place; 
misalignment can damage leads or 
PCB tracks.

¶ Use screwdrivers, nut drivers, 
torque tools for fasteners.

¶ Use spacers, washers, and 
guides to maintain proper fit.

Soldering Safety (if 
applicable)

¶ Use the correct temperature for 
soldering iron.- Do not overheat 
parts.

¶ Keep solder joints clean and shiny.

¶ Use soldering station with 
temperature control, solder 
wire, and flux.

¶ Use solder sucker or wick for 
rework.

Post-Fitment Check ¶ Inspect visually for correct placement 
and orientation.

¶ Ensure no loose parts or short 
circuits.

¶ Verify mechanical tightness of screws 
and connectors.

¶ Use inspection lamp, 
continuity tester, or 
multimeter.

¶ Perform gentle shake/tilt test 
to confirm stability.
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3.1.7 Procedures & Sequences for Assembling RFID, Wi-Fi, 
and Bluetooth Modules

Step Procedure Details / Tools Used

1. Preparation - Wear ESD strap and ensure anti-static 
workstation.
- Collect modules (RFID tag, Wi-Fi, Bluetooth), 
PCB, screws, connectors, and casing.

Tools: ESD strap, anti-
static mat, component 
tray.

2. Identify 
Components

- Verify the type of module (RFID / Wi-Fi / 
Bluetooth) using labels, datasheet, or 
markings.
- Check polarity, pin configuration, and 
orientation notch/mark.

Tools: Datasheet, 
magnifying glass, 
multimeter (if needed).

3. Positioning on PCB - Align module pins with the corresponding 
PCB holes/pads.
- Ensure correct orientation (pin-1 marking, 
polarity).

Tools: Tweezers, 
alignment guide.

4. Fixing / Mounting - Carefully insert the module onto the PCB.
- Ensure all pins go straight into the 
sockets/holes.
- No bending or forcing of leads.

Tools: Tweezers, pliers 
(for adjustment).

5. Soldering / 
Connection

- Apply solder to secure module pins onto PCB.
- Avoid excess solder (prevents bridging).
- For plug-in modules, ensure socket locks 
properly.

Tools: Soldering station, 
solder wire, flux, 
desoldering pump (for 
corrections).

6. Mechanical 
Assembly

- Secure module and PCB to enclosure/housing 
using screws, spacers, or brackets.
- Route wires/cables neatly and fix with cable 
ties.

Tools: Screwdriver set, 
torque driver, cable ties.

7. Inspection & 
Testing

- Check visually for correct orientation and 
solder joints.
- Perform continuity test for connections.
- Power ON and verify:
ω wCL5 ǘŀƎ Ҧ wŜŀŘŜǊ ŘŜǘŜŎǘǎ L5Φ
ω ²ƛ-Cƛ ƳƻŘǳƭŜ Ҧ /ƻƴƴŜŎǘǎ ǘƻ ǘŜǎǘ ƴŜǘǿƻǊƪΦ
ω .ƭǳŜǘƻƻǘƘ ƳƻŘǳƭŜ Ҧ tŀƛǊǎ ǿƛǘƘ ǘŜǎǘ ŘŜǾƛŎŜΦ

Tools: Inspection lamp, 
multimeter, RFID reader, 
Wi-Fi router, Bluetooth 
test device.

8. Final Fitment & 
Packaging

- Close the casing and tighten screws.
- Apply label/sticker as per standard.
- Pack in anti-static packaging for dispatch.

Tools: Screwdriver, 
packaging material (ESD-
safe bags).
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3.1.8 Describe the Safe and Correct usage pf Assembly Tools 
such as Screwdrivers, Pliers, and Tweezers

Tool Correct Usage Safety Precautions

Screwdrivers ¶ Select the right type and size 
(flat, Phillips, torque) for the 
screw.

¶ Hold the screwdriver firmly 
and apply straight, even 
pressure.

¶ Turn gently to tighten/loosen 
without slipping.

¶5ƻ ƴƻǘ ǳǎŜ ǿǊƻƴƎ ǎƛȊŜ Ҧ Ƴŀȅ 
damage screw head.

¶ Keep handle dry and clean for 
good grip.

¶ Never use as a chisel or pry bar.
¶ Store with tip covers to prevent 

injuries.

Pliers ¶ Use to hold, bend, or cut 
wires/leads.

¶ Grip the component firmly but 
gently to avoid damage.

¶ Use cutting pliers only for wires 
(not hard screws).

¶ Do not use pliers on live circuits.
¶!ǾƻƛŘ ŜȄŎŜǎǎƛǾŜ ŦƻǊŎŜ Ҧ Ƴŀȅ 

break component.
¶ Keep cutting edges sharp and 

clean.
¶Wear safety glasses when 

cutting wires.

Tweezers ¶ Used for picking and placing 
small components (resistors, 
ICs, SMD parts).

¶ Hold components from the 
body, not pins, to avoid 
bending.

¶ Use ESD-safe tweezers for 
electronic parts.

¶ Handle carefully to avoid poking 
injury.

¶ Do not squeeze too hard on 
delicate components.

¶ Keep tips aligned and clean.
¶ Store in protective case when 

not in use.

3.1.9 Explain the Working Principles and Applications of 
Semi-Automatic and Automated Assembly Tools

Type of Tool Working Principle Applications in Assembly

Semi-Automatic 
Assembly Tools

ÅOperated partly by human 
effort and partly by machine 
power (electric or pneumatic).

ÅWorker positions the 
component/tool, and the 
machine assists in performing 
the task (e.g., tightening, 
pressing, cutting).

Å Electric screwdrivers / pneumatic 
ǎŎǊŜǿŘǊƛǾŜǊǎ Ҧ ǉǳƛŎƪ ǘƛƎƘǘŜƴƛƴƎ ƻŦ 
screws with torque control.

Å Semi-automatic wire cutters/strippers 
Ҧ ǊŜƳƻǾŜ ƛƴǎǳƭŀǘƛƻƴ ǿƛǘƘ ŀŎŎǳǊŀŎȅΦ

ÅIŜŀǘ Ǝǳƴǎ κ ǎƻƭŘŜǊƛƴƎ ǎǘŀǘƛƻƴǎ Ҧ 
controlled heating for soldering or 
shrinking sleeves.
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Automated 
Assembly Tools

ÅOperate with minimal 
human involvement

Å Controlled by programmed 
logic (PLC, CNC, or robotics)

ÅMachine automatically 
positions, joins, or tests 
components as per 
instructions.

Å Pick-and-ǇƭŀŎŜ ǊƻōƻǘƛŎ ŀǊƳǎ Ҧ ƳƻǳƴǘƛƴƎ 
electronic components on PCB.

Å Automated soldering machines / wave 
ǎƻƭŘŜǊƛƴƎ Ҧ ǎƻƭŘŜǊ ƳǳƭǘƛǇƭŜ Ƨƻƛƴǘǎ ǉǳƛŎƪƭȅΦ

Å Conveyor-ōŀǎŜŘ ŀǎǎŜƳōƭȅ ƭƛƴŜǎ Ҧ ƳƻǾŜ 
products step-by-step with automated 
fastening and testing

Å Automated labeling and packaging 
machines.

3.1.10 Show How to Ensure all Required Tools and 
Equipment are Operational and Properly Calibrated Before 
Assembly
Stepsto EnsureTools& EquipmentReadiness

1. Preparea ToolChecklist

ω Makea list of all tools andequipmentneeded(e.g., screwdrivers,solderingiron, multimeter,

pliers,tweezers,torquewrench,ESDwrist straps,test jigs).

ω Verifyavailabilityagainstthe checklistbeforestartingwork.

2. VisualInspection

Å Checktoolsfor anyphysicaldamage(cracks,loosehandles,bent tips, frayedwires).

Å Ensuresafetyfeatures(likeinsulatedgripson electricaltools)are intact.

3. OperationalTesting

Å Switchon poweredequipment(solderingstation,multimeter, oscilloscope,crimpingmachine)

to confirmit isworking.

Å For manualtools, test their movement(pliersgrip properly,screwdriversfit snuglyin screw

slots).

4. CalibrationCheck

ω Confirmmeasuringinstruments(multimeter, LCRmeter, torque wrench)arecalibratedasper

manufactureror organizationalschedule.

ω Lookfor calibrationstickersshowinglastdateof calibrationandnextduedate.

ω If calibrationisoverdue,report andreplacewith a calibratedtool.

5. CleaningandMaintenance

Å Removedust,oil, or solderresiduesfrom toolsbeforeuse.

Å Ensuresolderingtips arecleanandtinned.

Å Applylubrication(if required)to mechanicaltoolsfor smoothfunctioning.

6. PowerSupplyandSafetyVerification

Å Checkthat electricalequipmentispluggedinto safe,groundedoutlets.

Å Verify ESD(ElectrostaticDischarge)protection equipment(wrist straps,mats)are connected

andtested.
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7. Record Keeping

Å Log tool condition, calibration status, and any replacements in the Tool Maintenance

Register.

Å Report any damaged or uncalibrated tool to the supervisor immediately.

3.1.11 Discuss the Proper Handling and Storage of PCBS, 
Including Baking and Flux Application

SafeHandlingof CircuitBoards

Å ESD (Electrostatic Discharge): Always work in

clean,designatedareas. Wear an ESDwrist strap

connectedto the ground.

Å PhysicalHandling: Hold PCBsonly by their edges.

Wear gloves and protective clothing. Use

trays/racksto reducedirecthandling.

Å Moisture Protection: Keep PCBsand parts in

protective bagsuntil assembly. Followdate codes

to avoidmoisturedamage.

Å WorkstationSafety: Keepyour areacleanandfree

of dust or liquids. Make sure your table is ESD-

safe.

StorageandShipping

Å StorePCBsasper materialtype (e.g., lead-free boardsneedspecialstorage).

Å Useanti-staticor shieldedpaddedbagsfor finishedboards.

Å Protectfrom both staticchargeandphysicaldamageduringtransport.

Flux:

Å Fluxis usedduringsolderingto cleanthe PCBsurfaceby removingoxides,improvesolderflow,

and ensure strong electrical joints. It can be applied with a brush, pen, spray, or foam,

dependingon the process. Thecorrecttype of flux (rosin,water-soluble,or no-clean)shouldbe

chosen,andonly the requiredamountmustbe appliedto avoidexcessresidue.

Baking:

Å Bakingis doneto removemoisturethat PCBsor componentsmayabsorbwhenexposedto air.

If not removed, this moisture can causedefects like blistering or crackingduring soldering.

Boardsareusuallybakedat 100ς125°Cfor a few hoursbeforeassemblyto ensurethey aredry

andreadyfor reliablesoldering.

Fig. 3.1.2 Circuit board handling



1. Solderrequiresacleansurfaceon whichcomponentsareattached

ω Polishthe copperfoil of aprintedcircuitboardwith steelwoolprior to soldering

ω Removeanypaint,wax,oil,etc.with asteelwool,solvent,or finesandpaper

2. Tobeginsoldering,applyheat to the connectionwith the tip of the solderingiron beforeapplying 
the solder

ω Applyheatto the connectionbut not to the solder

ω Holdthe solderingiron nearthe baseof the handlelikeapen

ω Thesolderedpartshaveto behot to buildagoodconnection

Tip of solderingiron
Solderwire

Circuit 
board Copperpad on board

Leadfrom component

Fig3.1.3: Thetip of thesolderingironheatsboth thecopperpadandthe leadfrom the electroniccomponent

3. Placethe solderingtip on the connectionduringthe applicationof the solder

ω Solderwill flow onandaroundthe connections

ω Useenoughsolderto ensurea stableconnection

4. Takeaway the tip from the connectionassoon as the solder flows to the desiredplace.First 
removethe solderfollowed by the iron

5. Donot displacethe connectionduringthe solderiscooling
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3.1.12 Elucidate Basic Soldering Techniques, Defect 
Identification, and Rework Procedures
Soldering Techniques
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6. Donot applyexcessto the connection,asit might damagethe electricalpartsoneissoldering

ω Transistorsandsomeother partsmightbedamagedbyoverheatwhensoldering.Acrocodile 
clipshouldbeusedasaheatsinkto preservethesecomponents

Fig3.1.4: Byabsorbingheat,thecrocodileclipwill reducetheheatthat flowsto thecomponent

7. Solderingaconnectiontakesjust a few seconds

ω If it takeslonger,troubleshootasdiscussedbelowin the table

8. Examinethe joint minutely. It shouldappearshiny

ω If awire (calledthe lead)issolderedontoaPCboard,it shouldtakethe shapeof a volcano

ω If the connectionisbad,try againbyreheating

Fig3.1.5:Thesolderin a goodjoinwill beshapedlikea cone,with solidcontactbetweenthesolderandall surfacesto bejoined.

9. Wipethe tip of the iron on a dampspongeto cleanit. Thetip shouldnow beshiny

ParticipantHandbook

121



3.1.13SolderingDefectsandRemedies

Typeof Defect Image Repair Prevention

DisturbedJoint:A
disturbedjoint has 
beenexposedto 
movementwhen
the solderwas still 
solidifying.Thejoint 
surfacemayappear 
frosted,rough,or 
crystalline.

Canberepairedwith 
thehelpof reheating 
andallowingit to 
coolundisturbed.

Properpreparation, 
involving 
immobilisingthe
joint andstabilising 
the workin avicecan 
hindersuchjoints.

ColdJoint:Results 
from incomplete 
meltingof the 
solder.It isoften 
characterisedby
a lumpyor rough
surface.Suchjoints 
arenot reliable.The
solderbondispoor 
andmayresultin
cracks inthe joint 
overtime.

Canbe repaired by
re-heating the joint
with a hot iron until
the solderflows.
Severalcoldjoints 
alsosufferfrom 
excesssolder.The 
excesssoldercan 
generallybedrawn-
off with the tip of the 
iron.

Aproperlypre-
heatedsoldering 
ironwith adequate 
powerwill helpin 
preventingcold 
joints.

10. Unplugthe solderingiron when it isnot in use

Fig3.1.6: Theidealsolderjoint
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Typeof Defect Image Repair Prevention

OverheatedJoint: 
Here,the solder 
hasnot yet flowed
well andthe residue 
of burnt fluxwill 
makefixingthis joint 
difficult.

Canberepairedby 
cleaning.Careful 
scrapingwith a
ƪƴƛŦŜΩǎtip, or a little 
isopropylalcoholand 
asoft toothbrushwill 
takeawaythe burnt 
flux.

A hot,clean, 
solderingiron, 
appropriate 
preparationand 
cleanjoint can 
preventoverheated 
joints.

InsufficientWetting 
(Pad):Thesejoints 
showsignsof 
inadequatelywet 
solderpad.The 
solderhasbeenable 
to wet the leads,but 
it hasnot createda
stable bondwith the 
pad.Thisiscausedby 
adirty circuitboard 
or by failingto apply 
heatto the padas 
well asthe pin.

Canberepairedby 
placingthe tip of the 
hot iron at the joint 
baseuntil the solder 
flowsto coverthe 
pad.

Cleaningthe board 
andheatingboth the 
padas wellas the 
pincanpreventthis 
problem.

InsufficientWetting 
(Pin):Thesolderin 
this joint hasonly 
beenableto partially 
wet the pad.The pin 
wasnot sufficiently 
heatedandthe 
solderwasnot given 
sufficienttime to 
flow.

Canberepairedby 
re-heating and using 
moresolder.Ensure 
that the tip of the 
hot iron touches 
boththe padandthe 
pin.

Heatingboth the 
padandthe pincan
preventthis problem.
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Typeof Defect Image Repair Prevention

InsufficientWetting 

(SurfaceMount): 

Thesolderhasnot

flowedonto the 
solderpad.Thisis
the resultof heating 
the pin insteadof the 
pad.

Canbe repairedby
heating the solder
padwith the tip
of the iron,and 
applyingsolderuntil 
it flowsandmelts 
alongwith the solder 
on the pin.

Thepadmustbe 
heatedfirst.

SolderStarved:
Asolderstarved
joint doesnot have 
adequate solder.This 
maylead to agood 
electricalcontact, 
but it is toughto 
verifybychecking.It 
isa weak jointand 
mayleadto stress 
cracksovertime.

Addmoresolderand 
re-heatthe joint to 
makea strongjoint.

N/A
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3.1.14 How to Check Availability of Parts, Tools, and 
Components
1. Readthe AssemblySpecifications

ÅGothroughthe assemblysheetor instructionscarefully.

ÅNotethe list of parts,tools,andcomponentsrequired.

2. CollectAll Parts

ÅIdentify the parts(e.g., circuitboards,resistors,screws,wires,connectors).

ÅCheckquantityandtype asmentionedin the list.

3. CheckToolsandEquipment

ÅEnsurethe requiredtools(screwdrivers,pliers,solderingiron, tweezers,etc.) areavailable.

ÅVerifythat toolsarein workingcondition.

4. Verify Components

Å Cross-checkcomponents(ICs,modules,capacitors,batteries,etc.) with the bill of materials

(BOM).

Å Ensurecorrectrating,size,andpolaritywhereapplicable.

5. Arrangefor MissingItems

ÅIf anypart or tool ismissingor damaged,report to supervisoror storein-charge.

ÅReplaceor arrangebeforestartingassembly.
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3.1.15 Show How to Arrange Parts and Sub-assemblies in The 
Correct Sequence for an Efficient Workflow. How to Arrange 
Parts and Sub-Assemblies in Correct Sequence

1. Studythe AssemblyInstructions

ÅCheckthe assemblydrawingor manualto understandthe order of operations.

2. LayOut PartsClearly

ÅKeepmainparts,sub-assemblies,andsmallcomponentson the workbenchin orderof use.

ÅPlacefrequentlyuseditemswithin easyreach.

3. FollowLogicalSequence

ÅStartwith the baseor mainboard.

ÅAdd sub-assembliesstep by step (e.g., mount PCBҦ connectwiresҦ attach modulesҦ fix

casing).

4. UseTraysor Bins

ÅKeepscrews,nuts,andsmallcomponentsin labeledcontainersto avoidconfusion.

5. CheckFit BeforeAssembly

ÅEnsuresub-assembliesarecompleteandtestedbeforemovingto the nextstep.

3.1.16 Demonstrate How to Interpret Technical Diagrams, 
Specifications, and Schematics Accurately for Assembly

What is schematicdiagramin electronics?

A schematicdiagramis a visualrepresentationof an electricalcircuit or system. It usessymbolsto

show each component and its various connections. Theseschematicsdrawings help engineers,

electricians,and techniciansunderstandhow a specific system works. Schematicsfor a PCBare

extremelyhelpful for complicatedsystems.



Followonnections

Linesrepresentwiresthat connectcomponents. Theselinesshowthe pathof electricalcurrent.

Nodes: Pointswherewiresconnect,markedby a dot.

Crossings: Wherelinescrosswithout a dot, indicatingno electricalconnection.

Readthe Labels

Labelsprovidecrucialinformationaboutcomponentsandtheir values.

ReferenceDesignators: Alphanumericlabelslike R1 (resistor),C1 (capacitor),or Q1 (transistor) link

the schematicto the physicalpartson a bill of materials(BOM)or a printed circuitboard(PCB).

Component Values: Specify the component's electrical properties (e.g., resistancein ohms όʍύΣ

capacitancein farads(F),or voltageratings).

Understandthe PowerSupply

Everyschematicshowsthe power source,typicallyrepresentedby symbolslike VCCor + for positive

voltageandGNDfor ground,whichis the zero-voltagereferencepoint.

3.1.17 Show How to Perform Basic Quality Checks to Verify 
Correct Assembly Before Moving to the Next Stage
BasicQuality ChecksBeforeNextStage

1. VisualInspection

ÅCheckif all partsarefitted in the right place.

ÅEnsurethere areno looseor missingcomponents.

2. Polarity& Orientation

ÅVerifythat polarizedcomponents(diodes,capacitors,batteries)areplacedcorrectly.

3. ConnectionCheck

ÅConfirmwires,connectors,andsolderjointsaresecureandnot damaged.

4. Cleanliness

Å Makesurethe assemblyis free from dust,excessflux,or soldersplashes.

5. FunctionTest(if required)

Å Performa basiccontinuitycheckusinga multimeter to confirmproperconnections.

6. Documentation

Å Mark the completedcheckandreport anydefectbeforesendingto the nextstage.
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3.1.18 Demonstrate the Use of Iot Sensors to Track Assembly 
Items and Ensure Placement Accuracy and Efficiency

IoTsensorshelptrackassemblyparts,confirmcorrectplacement,andimproveefficiencyon the line.

DemonstrationSteps

1. Attach IoTTags/Sensors

Å FixRFIDtags,QRcodes,or smallIoTsensorson componentsor trays.

2. ScanComponents

Å UseanRFID/QRscanneror IoTreaderto identify partsbeforeassembly.

Å Thisensuresthe right part ispicked.

3. CheckPlacementAccuracy

Å IoTsensorsverify if the componentisplacedin the correctslot/location.

Å Alertsor signalsshowerrorsimmediately.

4. Monitor Workflow

Å Datafrom sensorsissentto a centralsystemor display.

Å It trackswhichitemsarecompletedandwhicharepending.

5. ImproveEfficiency

Å Real-time trackingreduceserrors,rework,anddelays.

Å Helpsmaintainsmoothflow in the assemblyline.

3.1.19 Show How to Operate Robotic Process Automation 
(RPA) Tools for Automated Pick and Place Assembly

RoboticProcessAutomation(RPA)tools in assemblyuserobotic armsandsoftwareto pickpartsand

placethemaccurately,reducingerrorsandspeedingup production.

DemonstrationSteps

1. PowerOn& SafetyCheck

Å Switchon the roboticarmandcontrolsystem.

Å Ensuresafetyguardsandemergencystoparein place.

2. LoadComponents

Å Placecomponentsin trays,feeders,or magazineswherethe robot canaccessthem.

3. SetPick-and-PlaceProgram

Å Usethe controlsoftwareto loador selectthe assemblyprogram.

Å Definecoordinates: PickpointҦPathҦPlacementpoint.

4. Calibratethe Robot

Å Runa test movementto checkalignment.

Å Adjustgripperstrengthandspeedasneeded.

5. StartAutomatedOperation

Å PressStart/Runto let the robot pickcomponentsandplacethemon the PCBor sub-assembly.

Å Monitor for accuracy(usingsensorsor visionsystems).
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6. Quality Verification

Å Observeif all partsarecorrectlyplaced.

Å If anerror occurs,stopthe system,fix the issue,andrestart.

7. ShutDownSafely

Å Oncecomplete,stopthe operation,switchoff the power,andcleanthe work area.

3.1.20 Demonstrate how to use Machine Vision Systems for 
Real-time Quality Inspection and Defect Detection

Machine vision systemsuse camerasand software to automaticallycheckparts during assembly,

ensuringaccuracyanddetectingdefectsearly.

DemonstrationSteps

1. SetUpthe System

Å Positionthe machinevisioncameraaboveor besidethe assemblyline.

Å Connectit to the inspectionsoftware/displaysystem.

2. Calibratethe Camera

Å Adjustfocusandlightingfor a clearviewof components.

Å Definereferenceimagesor standards(correctshape,size,orientation).

3. Runthe Inspection

Å Ascomponentsmoveon the assemblyline, the cameracapturesimagesin real time.

Å Thesoftwarecomparesthem with the storedreference.

4. DetectDefects

Å Thesystemhighlightserrorssuchas:

o Missingcomponents

o Misalignedplacement

o Solderingdefects

o Wrongpart orientation

5. TakeAction

Å If a defectis found,the systemgivesanalert (sound/lightsignal).

Å Thedefectivepiececanberemovedor correctedbeforemovingahead.

6. Record& Report

Å Inspectionresultsare loggedautomatically.

Å Helpsin qualitytrackingandreducingrepeaterrors.
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Multiple ChoiceQuestions(MCQ):

1. In a schematicdiagram,a trianglepointingto a line represents:

a)Resistor

b) Diode

c)Capacitor

d) Inductor

2. Whichof the followingisusedto verifycorrectcomponentplacementin real-time?

a)Screwdriver

b) MachineVisionSystem

c)SolderingIron

d) Multimeter

3. IoTsensorsareusedin assemblylinesmainlyfor:

a)Generatingpower

b) Heatingcomponents

c)Trackingitemsandplacementaccuracy

d) Cuttingwires

4. In RPA-basedautomatedpick-and-place,the roboticarmmovementisdefinedby:

a)Randomselection

b) Pre-programmedcoordinates

c)hǇŜǊŀǘƻǊΩǎhandmovement

d) Trialanderror

5. ThesymbolGNDin a schematicdiagramrepresents:

a)Positivevoltage

b) Ground/negativeterminal

c)Resistorvalue

d) Transistorterminal

Fill in the Blanks:

1. A______symbolin a schematicdiagramisshownaszigzaglinesor rectangles.

2. In a pick-and-placesystem,partsareusuallyplacedin ______or feedersfor the roboticarm.

3. Machinevisioncamerascomparereal-time imageswith ______standardsto detectdefects.

4. IoTsensorssuchas______tagsareoften usedto trackassemblycomponents.

ShortQuestions:

1. Whyis it important to performbasicqualitychecksbeforemovingto the nextassemblystage?

2. Write two advantagesof usingmachinevisionsystemsin telecomassembly.

3. Explainbriefly how IoTsensorshelpin ensuringefficiencyon the assemblyline.

True/ False:

1. In schematicdiagrams,wirescrossingwithout a dot meansthey areconnected.

2. RPAtoolsin assemblyhelpreducemanualerrorsandimprovespeed.

2. Machinevisionsystemscandetectmisalignedor missingcomponents.

3. Resistorvaluesin schematicsareusuallygivenin farads.
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UNIT3.2: Managing Production and Post-Assembly Activities

By the end of this unit, the participants will be able to:

1. Explainthe fundamentalsof voltage,current, resistance,and power measurementin telecom
equipment.

2. Describethe interpretationof electroniccircuitdiagrams,schematics,andassemblydrawings.

3. Discussthe assemblyandtestingof telecomRFcircuits,powersupplies,andmultiplexers.

4. Determine the identification, pin configuration,and specificationsof connectors,cables,and
wiresusedin telecommanufacturing.

5. Elucidatethe role of IoT,RPA,and SMTin modern assemblylines for enhancedefficiencyand
accuracy.

6. Explainthe applicationof AR-basedinteractivetoolsfor assemblytrainingandtroubleshooting.

7. Discussthe implementation of machinevision for defect detection and processvalidation in
telecomproduction.

8. Describethe waste managementand disposalprotocols for hazardousmaterials in telecom
manufacturing.

9. Demonstratethe safedisposalof hazardousandnon-hazardouswastein designatedareas.

10. Demonstratehow to useERPsystemsto trackmaterialsandscheduleproductionefficiently.

11. Showhow to logcomponentusageaccuratelyto maintainproperstocklevels.

12. Demonstratethe processof coordinatinginventorymanagementwith productionteams.

13. Showhow to conductintermediateandfinal compliancechecksfor assemblyverification.

14. Demonstratehow to securethe workstationby removingloosecomponentsand consumables
post-assembly.

15. Showhow to reconcileusedcomponentswith issuedinventoryanddocumentdiscrepancies.

16. Demonstratethe correctstoreproceduresfor returningunusedcomponentsandtools.

17. Showhow to maintainproperdocumentationof completedwork andinventoryusage.

18. Show how to align assemblyprocesseswith ISO/IEC9001 quality managementand 27001
informationsecuritystandards.

3.2.1 Fundamentals of Electrical Measurement
Understandingbasicelectricalconceptsiscrucialfor workingwith telecomequipment. Here'sa lookat
the keyfundamentals:

LineAssembler- TelecomProducts
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Å Voltage (V): This is the electrical potential difference between two points. Think of it as the

pressurethat pusheselectricchargethrougha circuit. It is measuredin Volts(V). Youcanmeasure

it usinga voltmeter by connectingthe probes in parallel acrossthe two points. For example,a

standardAAbatteryhasa voltageof 1.5V.

Å Current (I): This is the flow rate of electric charge. Imagineit as the volume of water flowing

througha pipe. It ismeasuredin Amperes(A). Tomeasurecurrent,an ammetermustbe placedin

serieswith the component,breakingthe circuit to allowthe currentto flow throughthe meter.

Å Resistance(R): Thisis the oppositionto the flow of electriccurrent. It's like a constrictionin a pipe

that slowsdown water flow. It is measuredin Ohmsόʍύ. A multimeter can be usedto measure

resistancewhenthe componentisnot poweredon.

Å Power(P): Thisis the rate at which electricalenergyis consumedor produced. It's the product of

voltage and current (P=V×I). It is measuredin Watts (W). Power tells you how much energya

deviceusesovera periodof time.

3.2.2 Interpreting Electronic Diagrams
Electronicdiagrams,schematics,and assemblydrawingsare the blueprintsfor buildingand repairing

telecomequipment.

Å Circuit Diagrams/Schematics: Theseuse symbols to represent components(e.g., resistors,

capacitors,transistors) and lines to show how they are interconnected. They explain the

circuit'sfunctionalityandareessentialfor troubleshooting.

Å AssemblyDrawings: Theseshowthe physicallayout of componentson a PrintedCircuitBoard

(PCB)or within an enclosure. Theyare usedto guide the physicalassemblyprocess,showing

whereeachcomponentisplacedandhow it isoriented.

3.2.3 Assembly and Testing of Telecom Circuits
Assemblingandtestingkeytelecomcircuitsrequiresprecisionandattention to detail.

Å RF(RadioFrequency)Circuits: Thesecircuitshandlehigh-frequencysignals. Assemblyrequires

carefulsolderingto avoiddamagingcomponentsand maintainingproper signalpaths. Testing

involvesusingspecializedequipment like spectrumanalyzersor network analyzersto check

signalquality,power levels,andfrequencyresponse.

Å PowerSupplies: ThesecircuitsconvertACpower to the DCvoltagerequiredby the equipment.

Duringassembly,it's crucial to correctly install componentslike transformers,rectifiers, and

capacitors. Testinginvolvesverifying the output voltageand current stability under different

loadconditions.

Å Multiplexers: Thesecircuitscombinemultiple low-speedsignalsinto a singlehigh-speedsignal.

Assemblyrequires precisealignment of components. Testingfocuseson verifying that the

multiplexercorrectlycombinesandseparatessignalswithout datalossor distortion.
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3.2.4 Connectors, Cables, and Wires
Properidentificationanduseof connectors,cables,andwiresare fundamentalto successfultelecom

manufacturing.

Å Connectors: Theseprovidea a reusableway to join electricalcircuits. Pinconfigurationrefers

to the specificarrangementof pins and sockets,which ensuresthat cablesare connected

correctly. Specificationsinclude the type of connector (e.g., RJ45, coaxial), its gender

(male/female),andits numberof pins.

Å Cables: Cablesare groupsof wiresbundledtogether. Keyspecificationsincludethe numberof

conductors,shieldingtype (e.g., braided,foil), and impedance. Correctlyidentifyingand using

the right cablefor anapplicationiscriticalfor signalintegrity.

Å Wires: Wires conduct electricity. Their specifications include gauge (thickness), which

determinescurrent capacity,and insulationtype. Thecolor codingof wires is standardizedto

indicate their function (e.g., red for positive, black for ground). You must match these

specificationsto the requirementsof the circuit.

3.2.5 Role of IoT, RPA, and SMT 
Modern assemblylinesuse technologieslike IoT,RPA,and SMTto significantlyboost efficiencyand

accuracy. Thesetechnologiesautomate tasks,provide real-time data, and improve quality control,

creatinga morestreamlinedandreliableproductionprocess.

Å Internet of Things(IoT): IoT usessensorsand network connectivity to collect real-time data

from machines and components on the assemblyline. This data is used for predictive

maintenance,alerting techniciansto potential equipment failuresbefore they happen,which

drasticallyreducesunexpecteddowntime. IoTalsoenablesreal-time monitoringof production,

allowingmanagersto identify andcorrectbottlenecksinstantly.

Å RoboticProcessAutomation(RPA): RPAusessoftwarebots to automaterepetitive, rule-based

tasks. In assemblylines, this can involve managing inventory, tracking components,and

generatingreports. Forphysicaltasks,a type of robot calleda cobot (collaborativerobot) can

work alongside human operators to perform precision-oriented, repetitive tasks like

componentplacementor solderingwith highaccuracy,reducinghumanerror andfatigue.

Å Surface-Mount Technology(SMT): SMTis a method for assemblingelectroniccircuits where

componentsare mounted directly onto the surfaceof a PCB. Thistechnologyis essentialfor

creatinghigh-density,compactelectronicproductslike smartphonesand telecom equipment.

SMTmachinesare highly automated,placingcomponentswith extremeprecisionand speed,

far exceedingwhat'spossiblewith manualassembly.
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3.2.6 AR for Training and Troubleshooting
Augmented Reality (AR) revolutionizesassemblyline training and troubleshooting by overlaying

digital informationonto the real world. Thisprovideshands-on, contextualguidancewithout needing

physicalmanualsor constantsupervision.

Å AssemblyTraining: ARtools, often usedwith smart glassesor tablets,canproject step-by-step

instructionsand 3D diagramsdirectly onto the workpiece. For instance,a trainee can see a

virtual arrow pointing to where a specificscrewshouldbe placedor watch an animatedguide

on how to perform a delicate solderingtask. This reducesthe learningcurve and minimizes

errorsfor newtechnicians.

Å Troubleshooting: Whena machinebreaksdown, ARcanassistby providinga visualoverlayof

technical data, such as real-time sensor readings,part numbers, or a machine's internal

schematics. A techniciancanusean ARdeviceto point at a faulty part and seeits history and

potential repairstepsimmediately,whichspeedsup diagnosisandrepair,significantlyreducing

downtime.

3.2.7 Machine Vision for Quality Control
Machinevisionsystemsuse cameras,lighting, and advancedsoftware to perform automatedvisual

inspections. In telecom production, they are critical for ensuring product quality and process

validation.

Å DefectDetection: Thesesystemscan inspectproductsat high speeds,identifying defectsthat

areoften invisibleto the humaneye. Fora telecomPCB,a machinevisionsystemcancheckfor:

o Misalignedcomponentsor missingparts.

o Surfaceflawslikescratchesor cracks.

o Impropersoldering,suchassolderbridgesor voids. Thesystemcompareseachproduct to

a pre-programmed"golden sample"and flagsany deviations,ensuringevery item meets

qualitystandardsbeforeit leavesthe productionline.

Å ProcessValidation: Machine vision validates that each step of the assemblyprocess is

completedcorrectly. Forexample,it canconfirmthat all screwsare in placeandtorqued to the

correct specification,or that the correct cable is routed through the right channel. This

proactive validation ensuresconsistency,prevents costly rework later in the process,and

providesa digitalrecordfor qualityassurance.
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3.2.8 Waste Management and Disposal Protocols
In any manufacturingprocess,especiallyin telecommunications,it's crucial to properly handleand

disposeof waste. Thisprotectsyou,your co-workers,andthe environment. Thereare two maintypes

of waste: hazardousandnon-hazardous. Bothrequirespecifichandlingprocedures.

HazardousWaste

Hazardouswasteisanymaterialthat canbe harmful to humanhealthor the environment. In telecom

manufacturing,thisoften includes:

Å Chemicals: Solvents,adhesives,paints,andcleaningagents.

Å Batteries: Usedlithium-ion or nickel-cadmiumbatteriesfrom devices.

Å Electronic Waste (E-waste): Circuit boards, faulty components, and other electronics

containingheavymetalslike lead,mercury,or cadmium.

Å Contaminated materials: Rags,gloves,or other materials that have absorbedhazardous

chemicals.

DisposalProtocols

Disposingof hazardouswaste correctly is a legal requirement and a safety priority. Follow these

protocols:

1. Identification: Alwayscheckthe SafetyDataSheet(SDS)for any chemicalyou are using. The

SDSprovidesinformationon how to handle,store,anddisposeof the material.

2. Segregation: Never mix hazardouswaste with other waste. Use clearly labeled, designated

containers. Forexample,a containerfor old batteriesshouldbe separatefrom a containerfor

chemical-soakedrags.

3. Storage: Keephazardouswaste in secure,well-ventilated areasaway from heat sourcesand

foot traffic. Containersmust be leak-proof and clearlylabeledwith the contentsand a hazard

warning.

4. Disposal: Hazardouswastemust be collectedby a licensedwastemanagementcompany. You

are responsiblefor ensuringthe wasteis placedin the correctcontainersfor pickup. Neverput

hazardouswastein regulartrashbins.

Non-HazardousWaste

Non-hazardouswasteis material that doesn'tposea significantthreat to health or the environment.

In a telecomplant, this includes:

Å Packagingmaterials: Cardboardboxes,plasticwraps,andStyrofoam.

Å Scrapmetal: Metal off-cutsandwiresthat arefree of contaminants.

Å Paperandofficewaste.

DisposalProtocols

Properdisposalof non-hazardouswasteoften involvesrecyclingandgeneralwastebins.

1. Recycling: Placeall recyclablematerials (cardboard,clean plastics,and paper) in the bins

markedfor recycling.
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Fig. 3.2.1 Recyclingmaterialsproducedduringmanufacturingprocess

2. GeneralWaste: Use the generalwaste bins for materials that cannot be recycledor are not

hazardous. Thismight includefood wrappersor other non-recyclabletrash.

3. Compaction: In somecases,non-hazardouswastelike cardboardmaybecompactedto savespace

beforebeingcollectedfor recycling.

Demonstrationof SafeDisposal

Let'swalkthrougha practicalexampleof how to disposeof both typesof waste.

Scenario: You have just finished a task that involved solderinga circuit board and unboxingnew

components. Youhaveanold, faulty circuitboardandsomecardboardpackaging.

1. CircuitBoard(Hazardous):

Å Thisise-waste,soit's hazardous.

Å Findthe designatede-wastebin in yourwork area. Thisbin shouldbe clearlylabeled.

Å Carefullyplacethe circuitboardinto the bin. Donot forceit or throw it in.

2. CardboardPackaging(Non-hazardous):

Å Thisis recyclable.

Å Breakdownthe cardboardboxto makeit flat. Thissavesspace.

Å Placethe flattenedcardboardinto the recyclingbin labeledfor cardboard.

Byfollowingthesesimplebut criticalsteps,youcontributeto a safer,moresustainableworkplace. A

3.2.9 Material Tracking and Production Scheduling

AnERPsystem'scorefunction is to providea singlesourceof truth for all businessdata. Formaterials
and production,this meanseverycomponent,from raw materialsto finishedgoods,hasa uniqueID
andis trackedthroughits lifecycle.
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1. DemandForecastingand SalesOrders: Theprocessbeginswith salesordersor demandforecasts

entered into the ERP. The systemusesthis data to predict the quantity of finished products

needed.

2. MRP Run: The ERP'sMRPmodule takes the forecasteddemandand breaksit down into the

requiredraw materialsandcomponents,factoringin the bill of materials(BOM). TheMRPmodule

checkscurrent inventory levels and open purchaseorders to determine what needs to be

procured. It generatesplannedordersfor productionandpurchaserequisitionsfor materials.

3. Production Scheduling: Basedon the plannedorders from the MRPrun, the ERP'sproduction

planning module schedules the manufacturing process. It considers resource availability

(machines,labor), lead times, and capacityconstraintsto createa realisticproductionschedule.

Thescheduleis then sharedwith the productionteamviaa work order.

4. Material Issuance: The production team receivesthe work order and uses it to request the

necessarymaterialsfrom the warehouse. Whenmaterialsare issued,the warehousestaff scans

the unique material ID, and the ERPsystem automatically deducts the materials from the

inventorycount. Thisreal-time updatepreventsstockdiscrepancies.

LoggingComponentUsageto Maintain StockLevels

Accurate component usage logging is crucial for maintaining proper stock levels and ensuring

productioncontinuity. TheERPsystemautomatesthisprocess,minimizinghumanerror.

1. Work Orders: When a production run is initiated, a work order is created in the ERP. This

documentlists all the componentsrequired for the job, basedon the product'sbill of materials

(BOM).

2. BackflushingandMaterial Issuance:

ÅManual Issuance: Beforeproductionstarts,materialsare physicallymovedfrom inventory

to the production line. A warehouseworker scansthe materials'unique barcodesor RFID

tags. TheERPsystemregistersthis transaction,decreasingthe inventoryquantity for those

specificcomponents.

Å Backflushing: This is a more automatedmethod. Oncethe finished product is completed

and reported in the ERP,the systemautomaticallydeductsthe componentquantitiesfrom

inventory based on the BOM. This is highly efficient for high-volume, repetitive

manufacturingwhereeveryunit usesthe samecomponents.

3. Real-Time StockUpdates: Everymaterial issuanceor backflushtransactionis loggedin the ERP.

This provides a real-time view of inventory levels. The system can be configured to trigger

automated alerts when a component'sstock level drops below a predefined safety stock or

reorderpoint. Thispromptsthe purchasingdepartmentto placeneworders.
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3.2.10 Coordinating Inventory Management with Production 
Teams
An ERPsystemactsas the central nervoussystem,connectingthe inventory and production teams

andensuringthey arealwaysworkingwith the same,up-to-dateinformation.

1. SharedDashboardsand Reports: Both teamscanaccessshareddashboardsthat displaycritical

metrics like current stock levels,production scheduleadherence,and material availability. This

eliminatesinformationsilosandensurestransparency.

2. Automatic Notifications and Alerts: TheERPsystemusesautomatednotificationsto coordinate

activities. Forexample:

Å Whena newwork order is released,the productionteamisnotified.

Å Whena component'sstockis low, the purchasingandproductionteamsarealerted.

Å If there's a delay in a material shipment, the production schedulecan be automatically

adjusted,andthe productionteamisnotified.

3. Unified DataEntry: All transactionsτfrom receivingnew materialsto shippingfinishedgoodsτ

areenteredinto the samesystem. Thisensuresthat the inventorynumbersthe productionteam

sees are the same as the ones the warehouse and purchasing teams see, preventing

discrepanciesandimprovingdecision-making.

3.2.11 Intermediate and Final Assembly Checks
A. IntermediateChecks(DuringAssembly)

Thesecheckshelpcatchmistakesearlyandavoidrework.

Å VisualInspection

o How: Lookcloselyat sub-assemblies(e.g., PCBmountedon chassis).

o Checkfor: Loosescrews,wrongparts,bent leads,or cracks.

o Why: Smallerrorsat thisstagecancausebiggerfailureslater.

Å TorqueCheck

o How: Usea calibratedtorquescrewdriver. Applythe requiredtorqueon screws/nuts.

o Why: Tooloose= vibrationissues. Tootight = damagedparts.

Å ConnectivityCheck

Å How: Usea multimeteror continuitytester. Touchprobetips to both endsof the wire/track.

ÅWhat to Look for: Correct continuity (beep/signal)Ҧ good connection; no beepҦ open

circuit; continuousbeepwherenot expectedҦshortcircuit.

ÅWhy: Ensurescorrectwiringandavoidsshortcircuits.

B. FinalChecks(BeforeTesting/Packaging)

Å CompleteVisualCheck

o How: Scan the whole assembly. Check connectors, fasteners, labels, and cosmetics

(scratches,smudges).

o Why: Lastchanceto correctassemblyor quality issues.

Å WorkOrderVerification

o How: Compareproductwith WorkOrder(WO)andBOM.

o Checkfor: All componentsinstalled,correctquantity,correctpart number.

o Why: Preventsmissingor extraparts.
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DocumentationSign-off

Å How: Signanddatethe travelersheet/WOafter inspection.

ÅWhy: Confirmsaccountabilityandreadinessfor qualitytesting.

Securingthe Workstation(5SMethod)

Å Sort: Removetools,parts,andscrapsnot needed.

Å Setin Order: Arrangetoolsin properholdersor racks.

Å Shine: Wipesurfaces; removedustanddebris.

Å Standardize: Followthe samesetupeverytime.

Å Sustain: Keepthe workstationorganizedasa habit.

Acleanworkstation= fewermistakes+ saferhandlingof telecomcomponents.

ReconcilingComponents& ReturningUnusedMaterials

ωReconcileUsedComponents

o Countusedpartsvs. issuedparts.

o Recordusagein travelersheetor ERP.

o Reportanymismatchimmediately.

ωReturnUnusedComponents

o Step1: Fill return slip/ ERPentry with part number,qty, batchno.

o Step2: Repackin original/ESD-safepackaging.

o Step3: Labelcorrectly(part no., qty, batch).

o Step4: Returnto stores.

Thisavoidsshortages,waste,andstockmismatch.

Maintaining ProperDocumentation

Å TravelerSheet/ Work Order

o Signanddateeachcompletedstep.

o Showswho did what andwhen.

Å ERPSystemUpdates

o Logfinishedunitsandconsumedcomponents.

o Keepsstockupdatedin real time.

Å DiscrepancyReporting

o Recorddamagedpartsor missingcounts.

o Helpsqualityteamfix root cause.
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Quality andSecurityStandards

Å ISO9001(QualityManagement)

o FollowSOPsfor uniformwork.

o Maintainaccuratedocumentationfor audits.

o Logwork for traceability(whodid whichassembly).

Å ISO27001(Information Security)

o Handlesensitivecomponents(encryptedchips,storage)with extracare.

o Workonly in authorized,controlledareas.

o Keepdocumentssecure,no unauthorizedaccess.
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Multiple ChoiceQuestions(MCQ):

1. Voltageismeasuredin:

a)Amperes

b) Ohms

c)Volts

d) Watts

2. Whichdocumentshowsthe physicalplacementof componentson a PCB?

a)Circuitdiagram

b) Assemblydrawing

c)Travelersheet

d) ERPdashboard

3. Whichtechnologydirectlymountselectroniccomponentsonto the PCBsurface?

a)RPA

b) IoT

c)SMT

d) AR

4. In ERP,ΨBackflushingΩmeans:

a)Returningunusedmaterialsto stores

b) Automaticdeductionof materialsfrom inventoryafter productcompletion

c)Manualissueof materialsfrom warehouse

d) Cleaningcomponentsbeforeassembly

5. WhichISOstandardfocuseson InformationSecurity?

a) ISO14001

b) ISO9001

c) ISO27001

d) ISO45001

ShortQuestions:

1. Explain the difference between voltmeter and ammeter in terms of measurement and

connectionin a circuit.

2. Whyis torquecheckingimportant in telecomassembly?Giveoneexample.

3. Howdoesmachinevisionhelpin qualitycontrolduringtelecomPCBproduction?

Trueor False:

1. Resistanceismeasuredin Ohmsόʍύ.

2. ARtoolscanonlybe usedfor troubleshooting,not training.

3. Hazardouswastelike faulty PCBsmustbe disposedof in generalbins.

4. ERPsystemshelpcoordinatebetweenproductionandinventoryteams.

Fill in the Blanks:

1. Theunit of poweris__________.

2. __________diagramsusesymbolsto representelectroniccomponents.

3. The5Smethod for workstationmanagementincludesSort,Setin order, Shine,Standardize,and

__________.

4. __________technologyis usedin assemblylinesto placecomponentson PCBswith high speed

andprecision.
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4. Assembly & Testing 
of Mobile Phone 
Accessories

TEL/N2510

Unit 4.1 - Mobile Accessories and Electronic Concepts

Unit 4.2 - Safety Measures, Tool Handling, and Quality 

Assurance

Unit 4.3 - Troubleshooting, Documentation, and Digital 

Production Systems



By the end of this module, the participants will be able to:
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1. Explain the process of assembling mobile phone accessories while ensuring compliance with 
industry standards. 

2. Discuss the key quality inspection and testing methods used in mobile phone accessory 
manufacturing. 

3. Describe the essential post-assembly activities required for packaging and finalizing mobile phone 
accessories. 

KeyLearningOutcomes



UNIT4.1: Mobile Accessories and Electronic Concepts

1. Explain the types, functions, and basic specificationsof mobile phone accessoriessuch as
chargers,cables,batteries,andaudiodevices,alongwith their keycomponents.

2. Elucidate the fundamental concepts of electronic circuits, including voltage, current, and
resistance,andtheir role in the functionalityof mobileaccessories.

3. Describethe relevantindustrystandardsandbasicregulatoryguidelines,suchasBIScertification.

4. Demonstrate the process of assemblingmobile phone accessoriesaccording to technical
diagramsandprocessspecifications.

5. Showhow to ensurecorrect positioningand secureconnectionof electronic and mechanical
partsduringassembly.

6. Describethe basicworking principlesand safeoperation of specializedtools suchas crimping
tools,ultrasonicwelders,andsemi-automated/automatedassemblysystems.

7. Demonstrate the use of appropriate tools such as screwdrivers,crimping tools, ultrasonic
welders,andautomatedassemblymachines.

4.1.1 Basic Specifications of Mobile Phone Accessories 

Mobile phoneaccessoriesplaya crucialrole in enhancingthe functionality,usability,andconvenience
of mobile devices. Commonaccessoriessuch as chargers,cables,batteries, and audio devicesare
essentialfor daily operationsτenablingcharging,data transfer, communication,and entertainment.
Understandingtheir types,functions,specifications,and internal componentsis important for anyone
involvedin mobilerepair,assembly,or supportservices.
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Accessory Types Functions Basic Specifications Key Components

Charger Wall charger, fast 
charger, wireless 
charger, car charger

Converts AC to DC; 
provides regulated 
voltage for charging

Input: 100ς240V 
ACOutput: 5V/1A 
(basic), 9V/2A or 
more (fast 
charging)Power 
rating: 10W to 
65W+

Transformer, 
rectifier, voltage 
regulator, USB 
ports, protective ICs 
(for 
overcurrent/overvol
tage)

Cable USB-A to Micro USB, 
USB-A to USB-C, 
USB-C to USB-C, 
Lightning

Transfers power and 
data between 
devices; supports 
charging, syncing, 
OTG

Length: 0.5 to 2 
metersData speed: 
USB 2.0 (480 Mbps), 
USB 3.0 (5 
Gbps)Charging: 
Supports 2Aς5A

Copper wires, 
data/power lines, 
shielding, 
connectors (USB-C, 
Micro USB, 
Lightning), outer 
insulation

By the end of this unit, the participants will be able to:

ParticipantHandbook



LineAssembler- TelecomProducts

147

Battery Lithium-Ion (Li-ion), 
Lithium-Polymer (Li-
Po)

Stores energy; 
powers the mobile 
device

Voltage: 3.7V to 
4.4VCapacity: 3000ς
6000mAhCycle life: 
300ς500 cycles

Electrodes (anode & 
cathode), 
electrolyte, BMS 
(Battery 
Management 
System), connector 
terminals

Audio Devices Wired 
earphones/headpho
nes (3.5mm, USB-C), 
wireless 
earbuds/headphone
s, Bluetooth 
speakers, neckbands

Audio output for 
music/calls; mic 
input in headsets; 
wireless playback 
via Bluetooth

Impedance: 16ς32 
ohmsFrequency 
response: 20Hzς
20kHzBluetooth 
version: 4.0 to 
5.3Battery life: 4 to 
20+ hrs (wireless)

Audio drivers, 
microphones, 
Bluetooth chip 
(wireless), 
rechargeable 
battery, control 
buttons

Table 4.1.1 Mobile accessories specifications  

4.1.2 Concepts of Electronic Circuits, Voltage, Current, and 
Resistance, and their Role 

Electroniccircuits are the backboneof all modern electronics,includingthe mobile accessoriesyou
useeveryday. Tounderstandhow they work, youneedto graspthree fundamentalconcepts: voltage,
current, and resistance. Theseprinciples,governedby Ohm'sLaw,dictate how electricity flows and
how componentsinteract.

Concept Definition Unit Role in Circuits
Relevance in 

Mobile Accessories

Voltage (V) The electrical 
potential 
difference between 
two points. It is the 
force that pushes 
electric charges 
through a 
conductor.

Volt (V) Acts as the driving 
force that moves 
electrons through a 
circuit.

Mobile chargers 
supply a specific 
voltage (e.g., 5V, 
9V) to charge the 
phone battery 
safely and 
efficiently.

Current (I) The flow of electric 
charge (electrons) 
in a circuit. It 
represents how 
much charge 
passes through a 
point in the circuit 
per second.

Ampere (A) Determines how 
much electricity is 
flowing. High 
current may power 
stronger 
components, but 
excess current can 
cause damage.

Charging cables 
and batteries are 
rated for specific 
current capacities 
(e.g., 2A, 3A). 
Earphones and 
speakers use 
current to produce 
sound.
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Resistance (R) The opposition that 
a material offers to 
the flow of electric 
current. Higher 
resistance means 
lower current flow.

hƘƳ όʍύ Controls and limits 
the amount of 
current flowing in a 
circuit to protect 
components.

Audio devices have 
specific resistance 
(impedance) for 
proper sound 
output. Resistors in 
chargers help 
regulate safe 
current levels.

Table 4.1.2 Concepts of electronic circuits, including voltage, current, and resistance

Mobile accessorieslike chargers,power banks,and headphonesrely on these conceptsto function
properly.

Å Chargersand Cables: A charger'scircuitry regulatesthe voltageand current deliveredto your
device. It takesthe ACpower from anoutlet, convertsit to DC,andstepsdown the voltageto a
safelevel (e.g., 5V). Thecable'sinternal wires havelow resistanceto minimizepower lossand
heatgeneration.

Å Power Banks: A power bank is essentiallya battery with a circuit that manageschargingand
discharging. Thecircuit monitorsthe battery'svoltageandcontrolsthe current flow to andfrom
yourphone,protectingboth devicesfrom damage.

Å Headphonesand Speakers: Headphonesconvertelectricalsignalsinto soundwaves. Thecircuit
within the headphonesusesthe principlesof resistanceto control the volume and current to
drive the speaker membranes, producing sound. Different headphones have different
impedance(a type of resistance)ratings,which affects how they interact with the output of
yourphone.

4.1.3 Bureau of Indian Standards (BIS)
The BIS is the most important standard for anyone working with electronics in India. It's the
governmentbodythat setsthe rulesfor productsafetyandquality.

Fig4.1.1 BISLogo

Å The BIShas a CompulsoryRegistrationScheme(CRS)for many electronics, including mobile
phones,chargers,power banks,and batteries. Thismeansthat before a manufacturercan sell
theseproductsin India,theymustbe registeredwith the BIS.

Å Asa assembler,you'll often seethe BISlogoon the productsyouwork with. Thislogo isa signthat
the product hasbeen tested and meetsspecificsafetystandards. If you are repairinga product,
youshouldbe awareof the BISstandards. Forexample,chargersmustmeet specificstandardsfor
electricalsafetyto preventfire or electricshock.
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4.1.4 Process of Assembling Mobile Phone Accessories

Step Description Key Actions Tools/Equipment Used

1. Understanding 
Technical Diagrams

Read and interpret 
circuit diagrams, wiring 
layouts, and mechanical 
drawings.

Identify component 
placement, wiring paths, 
voltage/current ratings, 
connector types.

Circuit diagram sheets, 
product manuals, 
specifications

2. Gathering 
Components and Tools

Collect all necessary 
components and verify 
against BoM (Bill of 
Materials).

Check part numbers, 
quality, ratings; prepare 
workbench.

Multimeter, soldering 
iron, screwdrivers, 
magnifier

3. Preparing Work Area Ensure static-free, clean, 
organized assembly 
space.

Wear ESD wrist strap; 
clean surface; organize 
tools.

ESD mat, wrist strap, 
cleaning brush

4. Assembling Internal 
Components

Fit and connect internal 
parts as per diagrams.

- Solder resistors, 
capacitors, ICs (in 
charger/audio PCBs) -
Assemble wire 
conductors (in cables) -
Connect battery 
terminals

Soldering station, wire 
cutter, heat shrink

5. Connecting Wires and 
Terminals

Route and fix wires to 
the correct terminals as 
per wiring diagrams.

Use color coding and 
tags for identification.

Crimping tool, tweezers, 
insulation tape

6. Mechanical AssemblyFit housing/shells, 
covers, clamps, and 
strain relief.

Align components, fix 
with screws or snaps.

Screwdriver, torque 
driver, alignment jig

7. Inspection and TestingConduct functional tests 
and visual checks.

- Voltage/current output 
(charger) - Continuity 
check (cable) - Battery 
voltage and charge -
Audio output test

Multimeter, battery 
tester, audio tester

8. Final Packing and 
Labeling

Clean the assembled 
unit, pack with labels 
and manuals.

Label model number, 
batch, QC status.

Label printer, poly bags, 
packaging boxes
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Step Action Details Tools/Methods Used

1. Refer to Technical 
Diagrams

Use circuit schematics 
and mechanical layout 
drawings.

Ensure every part (e.g., 
capacitor, IC, connector) 
is oriented and placed as 
per the diagram.

Circuit diagram, 
exploded view drawing, 
alignment guides

2. Component 
Orientation Check

Verify the 
direction/position of 
polarized components 
(e.g., batteries, LEDs, 
capacitors, USB 
connectors).

Ensure positive and 
negative terminals are 
correctly aligned.

Polarity marks on PCB, 
magnifying glass

3. PCB Slot Alignment Fit electronic 
components into PCB 
holes or slots as per 
footprint.

Push-fit components 
flush against the board 
before soldering.

PCB holder, anti-static 
tweezers

4. Use of Mechanical 
Fixtures and Clamps

Position mechanical 
parts (e.g., shells, plugs, 
buttons) using correct 
guides or notches.

Prevent shifting or tilting 
during fixing.

Alignment jig, clamps, 
fixtures

5. Secure Electrical 
Connections

Tighten or solder wires 
properly to avoid loose 
contact.

Strip wires to the correct 
length, crimp or solder 
securely.

Soldering iron, crimping 
tool, wire stripper

6. Apply Torque to 
Screws Properly

Avoid over-tightening or 
under-tightening screws 
during mechanical 
assembly.

Follow manufacturer 
torque specifications.

Torque screwdriver or 
electric driver

7. Use Locking 
Mechanisms

Ensure connectors 
click/lock in place (e.g., 
audio jacks, USB ports, 
battery connectors).

Check for proper locking 
sounds or tactile 
feedback.

Hand pressing, snap-fit 
checks

8. Test for Stability Slightly shake or tap 
assembled part to 
ensure nothing is loose.

Perform continuity or 
mechanical wiggle test.

Multimeter (continuity), 
vibration test bench

9. Visual and Manual 
Inspection

Inspect solder joints, 
wire bends, and housing 
alignment.

Check for cold solder 
joints, misalignment, or 
gaps.

Magnifier, inspection 
checklist

10. Final Functional TestPower up the accessory 
to confirm correct 
function (e.g., charging, 
audio output).

Validates both 
positioning and 
connection.

Multimeter, battery 
tester, speaker/audio 
test jig

4.1.5 Ensuring Correct Positioning & Secure Connection In 
Assembly
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Thingsto follow:

Å AlwayswearanESDwrist strapto preventdamageto sensitivecomponents.

Å Labelcomponentsandwiresto avoidmisplacement.

Å Usecolor-codedwiresanddiagramsfor easyverification.

Å Keepa QCchecklistfor positionandconnectioninspectionat eachstage.

4.1.6 Tools and Automated Assembly Machines
The assemblyof mobile phone accessoriesrequires the careful use of appropriate tools to ensure
precision,safety,and durability. Toolslike screwdriversare usedto fasten housingsand enclosures
securely, while crimping tools help attach wires to connectors without soldering. For plastic
components,ultrasonicwelderscreatestrong,seamlessbondsthrough high-frequencyvibrations. In
large-scaleproduction, automated assemblymachinesare employed for taskssuch as component
placement,soldering,andquality testing. Usingthe correct tool not only ensuresfunctionalassembly
but alsoreducesthe riskof damageandenhancesproductreliability.

Tool Purpose How to Use Typical 
Applications

Precautions

Screwdrivers 
(Manual & Torque-
controlled)

Fastening or 
removing screws 
to secure 
mechanical 
parts

Select correct tip 
(Philips, flat, Torx). 
Insert into screw head, 
apply appropriate 
torque, turn clockwise 
to tighten or 
anticlockwise to loosen. 
Torque screwdrivers 
apply controlled force.

- Fixing charger 
housing- Securing 
battery covers-
Assembling audio 
device enclosures

Avoid over-
tightening (can crack 
plastic or strip 
threads). Use ESD-
safe tools near 
electronics.

Crimping Tools Join wires to 
terminals/conne
ctors without 
soldering

Strip wire to correct 
ƭŜƴƎǘƘ Ҧ ƛƴǎŜǊǘ ƛƴǘƻ 
ǘŜǊƳƛƴŀƭ Ҧ ǇƭŀŎŜ 
ǘŜǊƳƛƴŀƭ ƛƴ ŎǊƛƳǇ ŘƛŜ Ҧ 
squeeze handles until 
crimp is complete.

- Fixing USB 
connectors- Audio 
jack cable ends-
Battery wire 
terminals

Ensure firm crimp; 
tug wire slightly to 
test connection. Use 
right die size for 
terminal.

Ultrasonic Welder Welds plastic 
parts by 
generating high-
frequency 
vibrations to 
fuse materials 
without screws 
or glue

Align plastic parts in 
ǿŜƭŘŜǊ ƧƛƎ Ҧ ƛƴƛǘƛŀǘŜ 
ǳƭǘǊŀǎƻƴƛŎ ǇǳƭǎŜ Ҧ 
vibrations melt surfaces 
Ҧ ŀƭƭƻǿ ŎƻƻƭƛƴƎ ŦƻǊ 
bonding

- Joining plastic 
casings of chargers-
Wireless earbud 
enclosures- Cable 
strain relief shells

Ensure parts are 
clean and aligned. 
Operator must wear 
ear protection due 
to high-pitched 
noise.

Automated 
Assembly Machines

Semi- or fully-
automated 
machines that 
place, solder, 
test, or 
assemble parts

Load components and 
t/.ǎ ƛƴǘƻ ƳŀŎƘƛƴŜ Ҧ 
program or select 
ŀǇǇǊƻǇǊƛŀǘŜ Ƨƻō Ҧ 
monitor assembly cycle 
Ҧ ƛƴǎǇŜŎǘ ƻǳǘǇǳǘ

- Soldering PCBs in 
chargers- Mounting 
USB ports-
Assembling cable 
pins or covers

Trained operator 
must monitor for 
errors. Perform 
routine 
maintenance and 
safety checks.
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4.2.1 Electrostatic Discharge (ESD) Safety Measures and 
Proper Grounding Techniques 

Electrostaticdischarge(ESD)

Electrostaticdischarge(ESD)is the sudden flow of electricity between two electrically charged
objects. In electronics assembly, ESD can severely damage sensitive components like ICs,
microcontrollers,and sensorswithout any visiblesigns. Therefore,proper ESDsafetymeasuresand
groundingtechniquesare essentialfor protectingtelecomproductsand accessoriesduringhandling,
testing,andassembly.

Why ESDSafetyis Important in TelecomAssembly
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Impact Area Effect of ESD Damage

Chargers and Cables Damaged voltage regulators or USB controllers

Audio Devices Faulty microphones, amplifiers, or Bluetooth chips

Batteries Internal circuit protection failure

PCB Modules Non-functional ICs, data loss, signal distortion

Evena dischargeas low as 30ς100 volts, which is below human perception,can destroy sensitive
telecomcomponents.

KeyESDSafetyMeasures

1. Determine the importance of electrostatic discharge (ESD)safety measures and proper
groundingtechniquesfor the safehandlingof sensitiveelectroniccomponents.

2. Explainthe keyquality parametersandfundamentalmethodsfor real-time defectdetectionand
basicautomatedtestingof assembledaccessories.

3. Elucidatethe importanceof properwastedisposalandsafehandlingof defectivecomponents.

4. Demonstratethe applicationof automationandsmartmanufacturingtechniquessuchasrobotic
assemblyandAI-assistedqualitychecks.

5. Show how to follow ESD-safe handling procedures to prevent static dischargedamage to
sensitivecomponents.

6. Demonstrate how to test assembledaccessoriesfor electrical functionality, durability, and
compliancewith applicablequalitystandards.

7. Showhow to disposeof defectiveor rejectedcomponentsfollowingapplicableguidelines.

8. Demonstrateadherenceto workplacesafetyandcleanlinessguidelinesthroughoutthe process.

By the end of this unit, the participants will be able to:

UNIT 4.2: Safety Measures, Tool Handling, and Quality Assurance
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ESD Protection Method Purpose Application

ESD Wrist Strap Discharges built-up static from the 
human body safely to the ground

Must be worn while working with 
open electronic components

ESD Mats (Table and 
Floor)

Provides a grounded surface to 
prevent charge buildup

Used on workbenches and floors in 
assembly areas

ESD-Safe Clothing Prevents generation and transfer of 
static from clothes

Lab coats, gloves, and caps made of 
static-dissipative material

Anti-Static Packaging Protects components during 
storage and transport

Use of pink poly bags, shielding bags, 
and bubble wraps

Humidity Control Reduces static build-up in dry air Use humidifiers to maintain 40ς60% 
humidity in ESD-safe zones

ProperGroundingTechniques

Grounding Technique Explanation

Earth Grounding Connecting all ESD protection systems to a common earth ground 
point

Common Ground Point Ensures all workstations, wrist straps, and mats are at the same 
electrical potential

Grounding Cords Connect wrist straps and mats to grounding jacks or outlets

Periodic Testing 5ŀƛƭȅ ŎƘŜŎƪǎ ƻŦ ǿǊƛǎǘ ǎǘǊŀǇ ǊŜǎƛǎǘŀƴŎŜ όǘȅǇƛŎŀƭƭȅ мaʍύ ǘƻ ŜƴǎǳǊŜ 
effectiveness

Understandingand applyingESDsafetymeasuresandgroundingtechniquesis crucialin the telecom
manufacturingand assemblyenvironment. Thesepracticesprotect sensitiveelectroniccomponents
from damage,improve product quality, and reduce failure rates in the field. Everyline assembler
must be trained and consistentlyfollow ESD-safe proceduresto maintain industry standardsand
ensurereliabilityof the final product.

4.2.2 Quality Checks and Basic Automated Testing Methods 
for Assembled Accessories
Qualityassuranceis a critical part of the telecomaccessoryassemblyprocess. Ensuringthat chargers,
cables,batteries, and audio devicesmeet defined quality parametershelps prevent malfunction,
safety risks,and customerdissatisfaction. This is achievedthrough a combinationof visualchecks,
manual testing, and basicautomated testing systems,which help detect defects in real time and
maintainconsistentproductstandards.
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Parameter Description Applicable To

Electrical Continuity Ensures that current can flow through a circuit 
without interruption

Cables, charger circuits

Voltage and Current 
Output

Confirms that the accessory delivers correct 
output levels under load

Chargers, batteries

Signal Integrity Checks for noise, distortion, or signal loss Audio devices, data cables

Mechanical Fit and 
Finish

Ensures physical parts are aligned, secured, and 
undamaged

All accessories

Durability Assesses product performance under repeated 
use or stress

Cables, buttons, 
connectors

Safety Compliance Confirms product meets safety standards like BIS, 
CE, or RoHS

Chargers, batteries

Basic Automated Testing Techniques

Technique Application Function

Automated Test Jigs Audio devices, cables, 
chargers

Custom rigs simulate end-use to test charging, 
sound, voltage

In-Circuit Testing (ICT) PCBs inside chargers or 
audio devices

Detects faulty components (resistors, ICs) on 
the board during production

Camera-Based Optical 
Inspection

Visual quality checks Detects component misplacement, solder 
issues using image processing

Barcode or QR Code 
Scanning

Assembly tracking Identifies product batch, verifies stage 
completion

Pass/Fail Indicators 
(LED/Buzzer)

Operator feedback Automated tools give instant result for tested 
unit (OK/NG light or sound)

4.2.3 Elucidate The Importance of Proper Waste Disposal and 
Safe Handling of Defective Components
In the process of assemblingmobile phone accessoriesτlike chargers, batteries, cables, and
earphonesτa variety of waste materials are generated. Thesemay include damagedelectronic
components,plastic scraps, faulty PCBs,defective batteries, and packagingmaterials. Improper
handlingof such waste not only violates environmentalregulationsbut also posesserioushealth,
safety,and fire hazards. Hence,safedisposaland segregationof waste is a critical responsibilityfor
everyline assembler.
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Why ProperWasteDisposalis Important

Reason Explanation

Worker Safety Defective components (especially batteries) may leak harmful chemicals or cause 
electric shock/fire.

Environmental 
Protection

E-waste contains toxic substances like lead, mercury, and cadmium which pollute 
soil and water if not disposed of properly.

Regulatory 
Compliance

Organizations must follow local/state environmental and labor laws related to e-
waste disposal and recycling.

Workplace 
Cleanliness

Accumulation of waste hampers movement and increases accident risk on the shop 
floor.

Recyclability Many materials can be recovered and reused if waste is segregated and sent to 
authorized recyclers.

SafeHandlingProceduresfor DefectiveComponents

ÅWear safety gear (gloves,mask, antistatic gear) while handling sharp, damaged,or toxic
materials.

Å Useanti-staticbinsor groundedcontainersfor collectingdefectiveelectronicparts.

Å Do not mix different types of wasteτsegregate plastic, metal, battery, and electronic
components.

Å Placedamagedbatteriesin fire-resistantcontainersandstoreawayfrom heator sunlight.

Å Reportleakingor hazardousitemsto the supervisorimmediately.

Å Keepwasteareasclearlymarkedandeasilyaccessible.

Å Avoidreusingdefectiveor untestedcomponents.

4.2.4 Automation and Smart Manufacturing in Mobile 
Accessory Assembly
In modernelectronicsmanufacturing,includingmobileaccessoryassembly,industriesare increasingly
adopting automation and smart manufacturingto boost speed,accuracy,consistency,and product
quality. Roboticsystemsare used for repetitive taskssuch as screwing,soldering,and placement,
while Artificial Intelligence (AI) is used to detect defects through machine vision and analyze
productiondatain real time.

Applicationsin Mobile AccessoryAssembly

Technique Description ²ƘŜǊŜ LǘΩǎ ¦ǎŜŘ

Robotic Assembly ArmsPerform high-speed, precise placement of 
components or tightening screws.

Assembling USB cables, 
screwing charger casings

Pick-and-Place Robots Automatically pick parts from bins and place them 
on PCBs.

Mounting ICs or 
connectors

AI-Assisted Visual 
Inspection

Cameras with AI algorithms detect misalignment, 
missing parts, or surface defects.

Quality checks after 
assembly
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Automated Soldering 
Stations

Robots apply solder precisely using heat 
and flux.

PCB-based assembly in chargers 
and earphones

Conveyor with SensorsMove products through stations; sensors 
detect faulty units or delays.

Production lines of earphones, 
chargers

Barcode/QR Tracking Tracks product through stages using code 
scans.

Component traceability for 
inventory or rework

4.2.5 Following ESD-Safe Handling Procedures for Component 
Protection
Å ElectrostaticDischarge(ESD)can instantly damage sensitive components like ICs, PCBs,and

connectorsusedin mobileaccessoriessuchaschargers,earphones,andUSBcables. Astaticcharge
from the human body or tools can destroy or degrade components,leading to defects and
performanceissues.

Å Therefore, ESD-safe handling proceduresare essential for every line assemblerworking with
electronics.

Fig. 4.2.1: ESD Protection Equipment and Methods

Step Action Purpose

1. Wear an ESD Wrist StrapConnect the wrist strap to a grounded 
surface before starting any work.

Equalizes electrical potential and 
safely drains static charges from 
the body.

2. Work on an ESD-Safe 
Workstation

Use a grounded ESD mat on the 
worktable. Ensure the mat is properly 
connected to the earth ground.

Prevents charge build-up on 
surfaces where components are 
handled.

3. Use ESD-Safe Clothing 
and Footwear

Wear anti-static apron, gloves, and ESD 
shoes or heel straps.

Limits the generation and 
accumulation of static on your 
body or clothes.
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4. Handle Components by the 
Edges

Avoid touching pins, leads, or 
conductive areas of PCBs or 
connectors.

Prevents direct transfer of static 
to sensitive points on 
components.

5. Use ESD-Safe Storage 
Materials

Place components in anti-static 
trays, pink poly bags, or shielding 
bags when not in use.

Keeps items protected during 
transit and storage.

6. Ground All Tools and 
Equipment

Ensure soldering stations, 
screwdrivers, and testing machines 
are grounded.

Prevents static from transferring 
through tools during use.

7. Avoid Unnecessary 
Movement

Minimize walking or rubbing clothing 
while handling components.

Movement increases static build-
up.

8. Control Environmental 
Conditions

Maintain relative humidity between 
40ς60% and avoid dry air.

Low humidity increases static 
generation.

9. Follow Signage and Safety 
Labels

Be aware of areas marked as ESD-
protected zones (EPA) and comply 
with all precautions.

Ensures only trained personnel 
handle sensitive materials.

10. Inspect and Maintain ESD 
Equipment Regularly

Test wrist straps, mats, and 
grounding connections daily.

Detects faults and ensures 
continuous ESD protection.

4.2.6 Demonstrate How to Test Assembled Accessories for 
Electrical Functionality, Durability, and Compliance With 
Applicable Quality Standards

Oncea mobile accessoryis assembled,it must undergospecificteststo confirm:

Å It worksasintended(functionality)

Å It canwithstanddailyusage(durability)

Å It meetsindustryor organizationalqualitystandards(compliance)

Testingensuresdefect-free andsafe-to-useproductsreachconsumers.

Test Type Purpose Example Accessories Tools/Equipment

Electrical Functionality 
Test

Check if power, signals, 
and connections are 
working properly

Chargers, USB cables, 
wired earphones

Multimeter, continuity 
tester, load tester

Durability Test Simulate wear and tear 
through repeated use

Charging cables, 
earphones

Flexing machine, 
plug/unplug test setup
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Short Circuit & 
Overload Test

Ensure safety against circuit 
failure or excess current

Chargers, power 
banks

Power supply unit, 
ammeter, thermal 
camera

Voltage/Current 
Output Test

Confirm accurate power deliveryWall chargers, data 
cables

Voltmeter, USB tester

Audio Output Test Assess clarity and range of soundWired earphones, 
Bluetooth headsets

Audio analyzer, 
speaker testing jig

Water/Splash 
Resistance (if 
applicable)

Test against minor water 
exposure

Some rugged 
accessories

Drip or spray test 
chamber

Compliance Check Compare with standard 
guidelines (e.g., BIS, RoHS)

All types Test report vs checklist

BasicElectricalTestfor a USBCharger

1. Connectthe chargerto a powersupply.

2. Attacha USBloadtester.

3. Readvoltageoutput (shouldbe around5V).

4. Checkcurrentoutput with a load(usually1Aor more).

5. InspectLEDindicatorsor heating(if present).

6. Logresultsfor qualitydocumentation.

4.2.7 Disposal of Defective or Rejected Components Following 
Guidelines
Defective electronic components such as damagedPCBs,broken connectors,or non-functional
chargersmustbedisposedof carefullyto avoid:

Å Environmentalpollution

Å Electricalhazards

Å Regulatoryviolations

Disposalmust follow e-waste managementrules, especiallyunderLƴŘƛŀΩǎE-Waste (Management)
Rules,2022andorganization-specificSOPs.

Step-by-StepDisposalProcess

Step Action Purpose

1. Identify and 
Segregate

Separate defective or rejected items from good 
stock during inspection/testing

Avoids accidental reuse of 
faulty parts

2. Label and Tag Use "DEFECTIVE", "REJECTED", or "SCRAP" labels 
with date and reason for rejection

Ensures traceability and 
proper documentation

3. Store in 
Designated Scrap 
Bins

Place components in color-coded bins or ESD-safe 
waste containers marked for e-waste

Prevents mixing with 
regular waste and ensures 
safety
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4. Maintain a Scrap 
Log

Record quantity, part type, date of disposal, and 
technician details

Helps in tracking and future 
audits

5. Follow Disposal 
Channel

Hand over to certified e-waste recyclers or internal 
disposal units as per company protocol

Ensures legal compliance 
and safe recycling

6. Do Not Burn or 
Landfill

Never dispose electronic parts in open trash, water 
sources, or incinerators

Avoids air, soil, and water 
pollution

7. Use Personal 
Protective 
Equipment (PPE)

Wear gloves and follow safety protocol while 
handling sharp or broken parts

Ensures worker safety 
during handling

Examplesof Componentsto DisposeSafely

Å Burntcircuitboards

Å Cutwiresor shortedcables

Å Brokenearphoneparts

Å Rejectedchargersor connectors

Å Swollenor leakybatteries(to be handledashazardouswaste)

4.2.8 Demonstrate Adherence to Workplace Safety and 
Cleanliness Guidelines Throughout the Process

A cleanand safeworkplaceis essentialin the electronicsand telecom assemblyindustry, especially
whenhandlingsensitiveelectroniccomponents. Negligencein safetyandcleanlinesscanleadto:

ÅProductdefects

ÅElectrostaticdamage(ESD)

ÅWorkplaceaccidents

ÅRegulatorynon-compliance

Adherence to safety norms and hygiene protocols promotes a productive and professional
environment.

Area Key Practice Purpose

Personal Safety Wear PPE: gloves, antistatic wristbands, 
aprons, masks

Prevents ESD, injuries, and 
contamination

Tool Safety Inspect tools before use; ensure blades, 
wires, and probes are intact

Prevents accidents and ensures 
accurate work

Workstation 
Cleanliness

Wipe surfaces regularly; avoid clutter and 
spills

Reduces contamination and 
fire/electrical hazards

Component Handling Use ESD-safe mats, containers, and 
tweezers; avoid bare-hand contact

Prevents electrostatic or physical 
damage

Electrical Safety Switch off tools after use; avoid overloading 
sockets

Reduces electrical shock and fire 
risks

Waste Disposal Segregate and dispose of waste and 
defective parts in proper bins

Ensures cleanliness and 
regulatory compliance
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Emergency 
Preparedness

Know the location of fire extinguishers, first 
aid kit, and emergency exits

Ensures readiness during 
accidents

Reporting Hazards Immediately report unsafe conditions (wet 
floor, sparks, broken tools) to supervisor

Prevents accidents and ensures 
timely correction

Maintainingsafetyandcleanlinessisascriticalastechnicalskills. It protectsboth peopleandproducts,
enhancesproductivity,andupholdsworkplacestandardsandregulations.
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1. Discusscommon assemblydefects, their causes,and basic troubleshooting techniquesusing
visualinspectionandsimpletestingtools.

2. Discussthe standardproceduresfor assemblingdifferent typesof mobile accessories,including
handlingsequence,safetyprotocols,andqualityconsiderations.

3. Discussthe role of digital production records and basic ERPsystem usage for tracking
componentsandproductionprogress.

4. Showhow to conduct basicvisual inspectionsas per the quality checklistfor defectssuchas
misalignment,looseconnections,or surfacedamage.

5. Demonstratethe useof appropriatemeasuringtools suchascalipers,multimeters,or gaugesto
verifydimensionsandelectricalproperties.

6. Demonstratehow to identify and rectify minor assemblyerrors, escalatingcritical issuesto the
supervisor.

7. Demonstratethe appropriatequalitycheckson assembledaccessoriesto ensurecompliancewith
industrystandards.

8. Showhow to follow standardproceduresfor packaging,labeling,andstoringfinishedaccessories
to preventdamage.

9. Demonstratehow to document and report production outputs, quality issues,and inventory
usageusingdigitaltrackingtools.

10. Show how to use digital tools and ERPsystemsto track component usageand production
progress.

By the end of this unit, the participants will be able to:

UNIT 4.3: Troubleshooting, Documentation, and Digital 
Production Systems

4.3.1 Discuss Common Assembly Defects, their Causes, 
and Basic Troubleshooting Techniques Using Visual 
Inspection and Simple Testing Tools

In mobile phone accessoryassembly,identifying and addressingcommon defects is essentialto
ensureproductquality, functionality,anddurability. Assemblydefectscanarisedue to humanerror,
improper tool usage,or environmentalfactors. Byusingbasicvisualinspectionand simpletools like
multimeters, line assemblerscan effectively detect, troubleshoot, and rectify these issuesbefore
final testing. The table below outlines someof the most commonassemblydefects,their causes,
troubleshootingtechniques,andcorrespondingimagereferencesto aid in visualunderstanding.
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Defect Type Description
Probable 
Cause(s)

Troubleshooting 
Techniques

Image Source Link

Cold Solder 
Joint

Dull, cracked, or 
poorly formed 
solder joint

Insufficient heat 
during soldering 
or movement 
during cooling

Re-solder the joint 
using the correct 
heat and proper 
technique

Component 
Misalignment

Component is 
tilted, not 
centered, or 
mounted 
improperly

Manual 
placement error 
or machine 
misfeed

Re-position or 
replace 
component; verify 
alignment with 
layout diagram

Lifted 
Pads/Traces

Copper pads or 
traces lifted from 
PCB surface

Excessive heat, 
physical force, or 
poor PCB quality

Inspect with 
magnifying glass, 
repair with 
jumper wire or 
epoxy

Solder Bridges Unintended solder 
connecting two or 
more pads

Too much solder 
or bridging 
during hand-
soldering

Remove excess 
solder using 
desoldering braid 
or iron tip

Cracked 
Components

Cracks visible on 
casing or pins of 
component

Mechanical 
stress during 
placement or 
poor packaging

Replace 
component, 
review handling 
procedure

No Continuity/ 
Open Circuit

PCB trace or joint 
not conducting

Broken trace, 
bad solder joint, 
or missing 
component

Use multimeter to 
test continuity 
and re-
solder/repair as 
needed

Burn Marks/ 
Overheating

Brown/black marks 
or melting on 
components or PCB

Short circuit, 
high current, or 
incorrect 
component used

Inspect visually, 
replace damaged 
parts, verify with 
multimeter
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4.3.2 Discuss the Standard Procedures for Assembling 
Different Types of Mobile Accessories, Including Handling 
Sequence, Safety Protocols, and Quality Considerations
Before you start assembling,it's important to follow the correct sequenceof steps so that the
processissmooth,safe,anderror-free.

Step What You Do ²Ƙȅ LǘΩǎ LƳǇƻǊǘŀƴǘ

Material Check Collect all parts and tools as per the 
BoM (Bill of Materials)

Ensures nothing is missing

Workstation Setup Clean your table and arrange tools, 
components, ESD mat

Keeps work area safe and organized

Safety Gear Wear ESD strap, gloves, apron Protects you and the components

Component 
Preparation

Check and clean wires, connectors, 
PCBs

Avoids defective parts being 
assembled

Assembly Solder, fit wires, connect connectors, 
fix screws

Main step to build the product

Sub-assembly Test Test small parts before final assemblyHelps catch early mistakes

Final Assembly Fit outer casing, labels, complete 
product

Gets product ready for testing

Functional Test Check power, charging, sound, etc. Ensures product works properly

Visual Check Inspect alignment, finish, labels Looks professional and avoids 
rework

Packing Pack safely with label, manual, and 
barcode

Keeps product safe during transport

4.3.3 Discuss the Role of Digital Production Records and 
Basic ERP System Usage for Tracking Components and 
Production Progress

In a mobile accessoryassemblyunit, we make many items every day ςlike chargers,cables,
earphones,etc. Tokeepa recordof what is beingmade,how manypartsare used,how manyunits
are rejected,andwhat stagethe work hasreached,we usedigital tools insteadof writing everything
on paper.

Thesedigital recordsarecalledProductionRecords.
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Purpose Why It Matters Example

Track how many units 
you made

Helps supervisors plan next batch200 power banks made today, 3 
rejected

Know how many parts 
are used

Prevents running out of stock Used 500 USB connectors ςreorder 
needed

Trace problems Find which batch or operator had 
issues

10 cables failed ςcheck operator log

Save time Faster than paper logbooks Scan and update instantly on tablet

Maintain accuracy Reduces human errors No wrong counting of components

4.3.4 Show How to Conduct Basic Visual Inspections as Per 
the Quality Checklist for Defects Such as Misalignment, 
Loose Connections, or Surface Damage
Visualinspectionmeanscarefullylookingat a productwith your eyes(sometimesusinga magnifying
glassor lamp)to checkif it looksright or hasanyvisibleproblems.

Quality Checklistfor USBCharger:

Point to Check OK? (Yes/No) Remarks

USB port alignment Yes / No τ

Outer casing fit properly Yes / No τ

Surface clean, no scratch Yes / No τ

No loose wires or rattling Yes / No τ

Label/marking clear Yes / No τ

Common Defects to Look For

Defect What It Looks Like What to Do

Misalignment Ports or buttons not centered Send for rework

Loose wire Part moves or sound comes when 
shaken

Inform supervisor or fix if allowed

Scratch/crack Visible marks on surface Replace part or send to quality team

Missing label Barcode, logo, or ISI mark not thereAdd missing label if possible

In mobile accessoryassembly,this is the final step before testingor packagingτ to makesure the
productisclean,properlyassembled,andfree from defects.
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4.3.5 Using Measuring Tools to Check Size and Electrical 
Values in Mobile Accessories
In mobile accessoryassembly,it's important to ensure that each part fits correctly and works
properly. For this, we use specialtools to measuredimensions(like length, width, thickness)and
electricalproperties(likevoltage,resistance,andcontinuity).

Tools like calipers,multimeters, and gaugeshelp us check if the componentsmeet the required
standardsbefore and after assembly. Thisensuresthe final product is safe,reliable,and ready for
use.

Tool Name
Purpose / What 

It Measures
How to Use It 
(Step-by-Step)

Example from 
Mobile Accessory

Image Reference

Vernier 
Caliper

Measures 
external and 
internal 
dimensions (in 
mm)

1. Clean the 
jaws2. Place part 
between jaws3. 
Read value on 
scale

Check if USB-C 
connector is 8.5 mm 
wide and fits in 
casing properly

Digital 
Multimeter

Measures 
voltage, 
resistance, and 
continuity

1. Set dial to 
required function 
(e.g., continuity) 
2. Touch probes 
to the two test 
points 3. Read 
display

Check if earphone 
wires are connected 
properly 
(continuity), or check 
output voltage of a 
charger

Wire Gauge 
(SWG/Metric)

Checks thickness 
of wires

1. Match the wire 
to the correct slot 
in the gauge 2. 
Read the size 
marking

Ensure correct wire 
size (e.g., 24 AWG) is 
used in USB cable for 
fast charging

Torque 
Screwdriver

Measures 
tightening 
torque of screws

1. Set required 
torque level 2. 
Tighten screw 
until tool 
slips/clicks 3. 
5ƻƴΩǘ ƻǾŜǊǘƛƎƘǘŜƴ

Use to tighten 
screws in power 
bank casing without 
cracking plastic

Go/No-Go 
Gauge

/ƘŜŎƪǎ ƛŦ ŀ ǇŀǊǘΩǎ 
size is within 
tolerance

1. Try inserting 
part into "Go" 
side ςshould fit 2. 
Try "No-Go" side 
ςshould not fit

Check if jack pin fits 
properly in mobile 
connector slot
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4.3.6 Demonstrate How to Identify and Rectify Minor 
Assembly Errors, Escalating Critical Issues to the Supervisor

Duringmobile accessoryassembly,small errors can happenτlike loosewires, misplacedlabels,or
screwsnot tightened.

Asa line assembler,it's important to know:

ÅWhicherrorsyoucanfix yourself

ÅWhichproblemsyoumustreport to yoursupervisorimmediately

Thishelpsin maintainingquality,avoidingrework,andensuringthe productissafeandfunctional.

Error How to Identify How to Fix

Label misaligned Looks tilted or in the wrong 
spot

Remove and reapply straight

Screw is loose Casing rattles or feels open Tighten using the correct screwdriver

Wire not fully inserted Part not working or unstable Push wire in again and crimp 
properly

Solder joint dull or cracked Poor connection, fails 
continuity test

Re-solder using iron and flux

Small scratch on casing Visible on surface Clean or replace casing if needed

If you find any of these issues, do not try to fix them yourself. Inform your supervisor immediately:

Critical Issue Why Escalate?

Burnt or damaged PCB May cause fire or failure

Cracked battery or leakage Dangerous for user and environment

Broken connector or port Needs replacement part or rework station

Major short circuit Requires safety check and testing

Repeated failure in batch May be a bigger issue with supply or process

4.3.7 Demonstrate the Appropriate Quality Checks on 
Assembled Accessories to Ensure Compliance With Industry 
Standards
Once a mobile accessory(like charger,earphones,or USBcable) is fully assembled,it must be
checkedfor qualitybeforepackaging.

Thesequalitychecksmakesurethe productis:

ÅSafeto use

ÅPerformscorrectly

ÅMeetsthe companyandindustrystandards

Thisstephelpspreventdefectiveproductsfrom reachingthe customer.
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Check Type What to Look For Tools/Methods Used Example

Visual Check Cracks, loose parts, 
scratches, misalignment

Eyes, Magnifier, 
Quality Checklist

Look for bent charging 
pin in charger

Functionality Test Device turns on, charges, or 
transmits sound properly

Mobile phone, test 
bench, battery unit

Plug charger into power 
and check if mobile 
charges

Continuity Test Electric path is complete Multimeter (Beep 
test)

Check cable wires ςall 
pins connected

Dimension Check Proper size as per design Caliper, gauges USB plug width is exactly 
8.5 mm

Tightness Check Screws or joints are 
properly fixed

Torque screwdriver or 
hand check

/ŀǎƛƴƎ ŘƻŜǎƴΩǘ ƳƻǾŜ ƻǊ 
rattle

Label & Marking Correct product code, batch 
no., logo

Visual with reference 
sample

Label not upside down 
or missing

Load Test (if 
applicable)

Device handles load safely Load simulator/test 
device

Charger gives 2A current 
without overheating

4.3.8 Packaging, Labeling, and Storing Finished Accessories 
to Prevent Damage

After mobile accessorieslike chargers,earphones,or cablesare fully assembledand passquality
checks,the next importantstepispackaging,labeling,andstoring.

Properhandlingat this stagepreventsdamage,maintainsproductquality,andensuresthe customer
receivesa cleanandworkingitem.

1. PackagingProcedures

Goodpackagingprotects the product from dust, moisture, scratches,and physicaldamageduring
transportor storage.

Stepsto Follow:

Step Action Tips

a) Cleaning Wipe the product with clean cloth if 
needed

Remove dust or fingerprints

b) Primary Packaging Place the product in a small plastic 
pouch, bubble wrap, or tray

Use anti-static bags for electronic 
parts

c) Secondary 
Packaging

Put the wrapped product into a 
branded box or blister pack

Check box is not crushed or torn

d) Sealing Close the box using proper tape or 
lock

Tamper-proof seals may be required
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Example:

A USBchargeris wrapped in bubble wrap and inserted into a printed box with user manualand
warrantycard,then sealed.

2. LabelingProcedures

Labelsprovideimportantdetailslikeproductname,batchnumber,andinstructions.

Correctlabelinghelpsin trackingandcustomerunderstanding.

LabelMust Include:

Å ProductName(e.g.,άCŀǎǘUSBChargerς18²έύ

Å ManufacturingDate& BatchNumber

Å CompanyLogoandAddress

Å Barcodeor SerialNumber

Å SafetyMarks(if required,likeBISor CE)

Whereto Apply:

Å Onthe product(if applicable,likeat the backof the charger)

Å Onthe packagingbox

Å Onshippingcartons

Example:

Abarcodestickerandlabelwith productnameandbatchnumberispastedon the sideof the charger
box.

3. StoringFinishedProducts

WhyLǘΩǎImportant:

Properstoragekeepsproductssafefrom damage,theft, or environmentalharmbeforedispatch.

StandardStoragePractices:

Do 5ƻƴΩǘ

Stack boxes neatly on racks or pallets 5ƻƴΩǘ ǇƭŀŎŜ ƘŜŀǾȅ ōƻȄŜǎ ƻǾŜǊ ŦǊŀƎƛƭŜ ƻƴŜǎ

Keep away from direct sunlight, heat, and water5ƻƴΩǘ ǎǘƻǊŜ ƴŜŀǊ ǿƛƴŘƻǿǎ ƻǊ ƭŜŀƪƛƴƎ ŀǊŜŀǎ

Follow FIFO (First In, First Out) method 5ƻƴΩǘ ǳǎŜ ǊŀƴŘƻƳ ǎǘƻǊŀƎŜ

Use labels to identify batch and date 5ƻƴΩǘ ƳƛȄ ŘƛŦŦŜǊŜƴǘ ǇǊƻŘǳŎǘǎ ǿƛǘƘƻǳǘ ƳŀǊƪƛƴƎ

SpecialNotes:

ÅStorein temperature-controlledanddust-freearea.

ÅMarkάCǊŀƎƛƭŜέorάIŀƴŘƭŜwith/ŀǊŜέif needed.

Example:

Finishedearphonesare packedin individualboxes,placedin a mastercarton,andstoredon labeled
metalracksin the storageroom.

ParticipantHandbook
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4.3.9 Digital Documentation & Reporting
Accurateand timely documentationis essentialin assemblyoperationsto ensureefficiency,quality,
andaccountability. Keyrecordsτsuchasproductionoutput, quality issues,andinventoryusageτnot
only track daily activitiesbut alsosupportperformancemonitoring,defect prevention,and effective
resource management. Using tools like ERPsystems,mobile apps, or spreadsheets,teams can
maintainclear,consistentrecordsthat drivecontinuousimprovement.

What to Record Purpose What to Include Tool Examples Why It Matters

Production Output Track number of 
units assembled

Date, Product 
Name, Units 
Assembled, 
Operator Name

ERP system, Excel 
sheet, Mobile App

Tracks team 
performance and 
production status

Quality Issues Record defects 
and actions taken

Product Type, 
Defect Found, 
Quantity, 
Reported To, 
Action Taken

ERP Quality 
Module, Google 
Form, QA App

Ensures defect 
tracking, helps 
prevent future 
errors

Inventory Usage Track use of parts 
and materials

Component 
Name, Issued Qty, 
Used Qty, Balance, 
Used For

ERP Inventory, 
Barcode Scanner, 
Spreadsheet

Avoids material 
shortage and 
misuse

Showhow to usedigital tools andERPsystemsto track componentusageandproductionprogress

In assemblyoperations, digital tools and ERP(EnterpriseResourcePlanning)systemshelp track
productionoutput, componentusage,and quality issuesefficiently. Thesesystemsallow workersto
recordhow manyunitsareassembled,what materialsareused,andanydefectsfoundτusingmobile
apps,spreadsheets,or barcodescanners.

Fig 4.3.1 ERP system dashboard

Using ERPensuresaccurate data entry, reduces errors, prevents material shortages,and helps
supervisorsmonitor performanceandplanbetter. Fora LineAssembler,learningto usesuchtools is
keyto maintainingproductivity,quality,andsmoothworkflowon the shopfloor.
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Multiple ChoiceQuestions(MCQ):

1. Whichtool isusedto checkelectricalcontinuityin wiresandcomponents?

a)Verniercaliper

b) Wiregauge

c)Multimeter

d) Go/No-Gogauge

2. What is the purposeof aά{ǳō-assembly¢Ŝǎǘέduringmobileaccessoryassembly?

a)Tocleantools

b) Tofix outer casing

c)Totest smallpartsbeforefinal assembly

d) Tolabelthe product

3. Whichof the followingisa criticalissuethat mustbe escalatedto the supervisor?

a)Misalignedlabel

b) Loosewire

c)Burntor damagedPCB

d) Scratchon the casing

ShortQuestions:

1. Whataresomecommonassemblydefectsfoundin mobileaccessories?

2. Whyis it important to usedigitaltoolsor ERPsystemsin production?

3. Whatarethe mainstepsin standardpackagingof a mobileaccessory?

Trueor False:

1. Solderbridgescancauseunintentionalconnectionsbetweentwo or morepads.

2. A torquescrewdriverisusedto measureelectricalresistance.

3. Labelinga productincludesinformationlikebatchnumber,productname,andcompanylogo.

4. Visualinspectionisnot requiredif functionalitytestspass.

Fill in the Blanks:

1. A__________solderjoint appearsdull or crackedandmayleadto poorelectricalconnections.

2. TheFirstIn,FirstOutmethodiscommonlyreferredto as__________.

3. A__________gaugeisusedto checkthe thicknessof wires.

4. __________inspectionisdoneto visuallycheckfor misalignment,cracks,or missinglabels.

5. In anERPsystem,trackingof defectsandactionstakenisdoneunderthe __________module.
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5. ESD Safe Procedures 
and Practices

TEL/N2508

Unit 5.1 - ESD and Its Effects on Electronic Components

Unit 5.2 - Classification of ESD Materials

Unit 5.3 - ESD Safety Procedures

Unit 5.4 - Levels of Electrostatic Voltage Generation

Unit 5.5 - Grounding

Unit 5.6 - ESD Audit



By the end of this module, the participants will be able to:
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1. Elucidate the basics of Electrostatic Discharge (ESD), its sources in the workplace, and its impact 
on electronic components and product performance.

2. Explain the necessity of following ESD policies, procedures, and safety guidelines to protect 
electronic components and ensure product quality.

3. Demonstrate how to follow safe work practices as per the ESD process and protocol.

4. Describe the classification and properties of ESD-safe materials, appropriate PPEs, and the use of 
storage/packaging solutions like trays and bags.

5. Demonstrate the correct use of ESD tools/equipment such as static voltage checkers, wrist 
straps, shoe grounders, air ionizers, and ionized air guns.

6. Discuss the methods for identifying ESD-sensitive parts, packages, and areas, including the use of 
precautionary labels, packaging, and handling instructions.

7. Describe proper handling, storage, and stacking methods for ESD-sensitive components, sub-
assemblies, and assemblies to prevent failures.

8. Demonstrate the correct method to pack and unpack electronic components in compliance with 
ESD processes.

9. Show how to handle semi-finished products after assembly operations using ESD-free trays and 
conveyor lines.

10. Determine the voltage buildup during routine activities (walking, soldering, cleaning), discharge 
paths, and associated risks in non-ESD safe areas.

11. Show how to identify and remove non-essential items and equipment carrying electrostatic 
generating potential.

12. Explain essential grounding techniques and accessories (tables, mats, flooring, wrist straps) for 
minimizing electrostatic risks, including regular inspections and audits.

13. Show how to properly ground all components in the work area.

14. Show how to implement advanced grounding techniques to mitigate electrostatic risks.

15. Discuss the procedures for conducting ESD audits on workstations, flooring, protective gear, and 
facility areas, ensuring compliance with ISO 9001 (quality) and ISO 27001 (information security).

16. Demonstrate how to ensure compliance with ISO 27001 standards for information security in 
ESD-sensitive operations.

17. Elucidate the use of ionized air guns, machine vision systems, and smart manufacturing 
techniques for real-time ESD.

18. Demonstrate the use of machine vision systems to identify ESD safety violations and ensure 
compliance.

KeyLearningOutcomes
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1. Elucidatethe basicsof ElectrostaticDischarge(ESD),its sourcesin the workplace,and its impact
on electroniccomponentsandproductperformance.

2. Explainthe necessityof following ESDpolicies,procedures,and safety guidelinesto protect
electroniccomponentsandensureproductquality.

3. Demonstratehow to follow safework practicesasper the ESDprocessandprotocol.

By the end of this unit, the participants will be able to:

UNIT 5.1: ESD and Its Effects on Electronic Components

5.1.1 ESD Fundamentals

Wegothroughoccurrencesof staticelectricitydaily. Forinstance,walkingon a carpetedin a heated/
warmroomduringwinter producessufficientstaticelectricity.

Althoughthis suddendischargeof staticelectricitydoesnot result in anyharmto the humanbody,it
cancauseheavydamageto electronicequipmentasthey aresensitiveto electricaldischarge(ESD). It
mayhappenthat electronicequipmentto get damagedby electricalchargesthat is imperceptibleto
us.

Certaincomponentsareverysensitiveto staticelectricitythat candefinitelydestroythe component.
Staticchargesare createdwhen there is a separationof non- conductivematerialsfriction between
syntheticclothes,combingyour dry shampooedhair for a long period of time during winter sparks
up staticelectricityiscalledElectrostaticDischarge(ESD).

Å Destructivestatic chargesare followed on nearbyconductorslike humanskin that developsa
sparkwhenthe surfaceof the printed boardis touchedby a personwho hasdevelopeda static
charge

Å If the boardis touchedat the right solderjoint, the circuit boardwill be damagedbecauseof the
dischargeof the static electricity. It is damagedbecauseit passesthrough a conductivepattern
to a componentwhichisstaticsensitive

Å It is very important to note that, this is not felt by humanbeings,as it is lessthan 3,000 volts(
the staticlevelof damageof components)

Å Apart from designingthe circuit correctly for suppressionof ESDthe layout and the designof
PCB(PrintedCircuitBoard)is alsoimportant, asit will savemoneylater if it is ensuredthat the
ESDisaccordingto the layoutof the PCBasthere will be no costlydebugging

Thereare guidelinesto ensurethat the PCBdesignwill be able to reducethe problemof the ESDto
the minimumrange.

Guidelines Steps/procedure

Removingof circuit
loops

ω Unwantedcurrentisrisen,from loopsin aline that arisesfrom
induction

ω Theperformancelevelispickedupfrom unwantedpick up of current

ω Forgeneralprotectionof ESDit is importantbecause unwanted
increaseof currenthencevoltageisevokedin the loops

ω Ultimatecaremustbetakensothat currentcannotbe inducedinto
loopsandthat no loopsisexisting
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Utilisingthe
groundplane 
layersin the
PrintedCircuit 
Board(PCB)

ω Onewayof reductionof groundloop isby usingagroundplane
layerin the designingof the PCB

ω Thisensuresand enablesthat any signalsshall be effectively
groundedsothat there isnochanceof groundloops

Reductionof line
lengths

ω Anykindof wire actsasanantennaandhasthe capacity of receiving
highspikesof voltage,with the veryshort riseof voltage spike

ω If the line lengths are reduced then, the level of energy that is
receivedis reducedandthe spikesresultingfrom lower electrostatic
dischargeshallbe lower

Reductionof parasitic
induction around
protectioncircuits

ω Manyelectroniccircuitsareinducedwith ESDprotection circuits

ω Thesecanonlyresulteffectivelyif the inductionof parasiteis
kept low

ω It is possibleto keep it low( parasiticinduction) arisingfrom the
designof the PCB,if the length of the line is short, keepingthe
width of the trackbroad

ω Conductorsof measurabledimensionsthat ismoving througha
magneticfield whichisuniform;or stagnant undera magneticfield
that ischangingshallhave currentgeneratedwithin them

ω Inductivecoilsspecificallyusesmagneticcoresto lessen the parasitic
inductionwithin them

Preventrunningof the
sensitive tracksnear
PCB

ω Ascurrentpickup shallbecloseto the circuitareait is verywiseto
keepawaythesensitivelinesor tracksfrom thisarea

ω Theinput andthe output lineswill haveto join the edge of the PCBat
somestage,but it mustbe routed away whereever possible

Applicationof the correct guidelinesof preparingthe ESDfor the layout or designingthe PCBis
important during the assembly,that will ensureit to be resilient to anyvoltageor current discharge
that mightoccur. Applyingthe ESDdesignat the earliestof stages,savesa lot of moneyfor not having
to reworkor redesigning

List the numberof componentsandmodulesreceivedfrom the storesand take signoff from stores
department-

A receipt is an acknowledgmentwhich is documented,that somethingvaluablehasbeentransferred
from one personto another. It is typically receivedby the customerfor the servicethat has been
renderedto them. Theremustbe aninvoiceevenfrom the storesdepartment.

Applicationof the correct guidelinesof preparing the ESDfor the layout or designingthe PCBis
important during the assembly,that will ensureit to be resilient to any voltageor current discharge
that mightoccur. Applyingthe ESDdesignat the earliestof stages,savesa lot of moneyfor not having
to reworkor redesigning

List the numberof componentsand modulesreceivedfrom the storesand take signoff from stores
department-

ParticipantHandbook
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A receipt is an acknowledgmentwhich is documented,that somethingvaluablehasbeentransferred
from one personto another. It is typically receivedby the customerfor the servicethat has been
renderedto them. Theremustbe aninvoiceevenfrom the storesdepartment.

Invoicesmust include:

Å Theword invoicemust be written clearlyon the document. And it must specificallycontainall
these information

Å TheŎƻƳǇŀƴȅΩǎname,addressandcontactnumbermustbe provided

Å Theuniqueidentificationnumberof the company

Å Thenameof the companyandtheir addressfor whomthe invoicingis takingplace

Å Thedateon whichthe goodsweresuppliedto the company

Å Listof the componentsthat hasbeensupplied

Å Acleardetaileddescriptionfor what isbeingcharged

Å Theamountof chargemustbeclearlymentioned

Å Dateof the invoice

Å TheGST(GoodsandServicesTax)that isapplicable

Å Theamountthat isowedin total

Soletrader invoice- asoletrader invoicemustincludethesethings:

Å Nameof the individualpersonor the nameof the companyif any

Å Aparticularaddresswhereanydocumentwhetherlegalor not canbedeliveredperfectly

Limitedcompanyinvoices- Alimited companyinvoicemustincludethe invoicemustcontainthe name
of the companyasit ison the certificateof incorporation. Thenamesof all the directorsmustbepresent
too, if there isamentionof the directors'name.

Fig5.1.1:Sampleinvoiceit will differ accordingto list andcomponents
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Therearesixprinciplesof staticcontrolandsixkeyelementsof ESDto befocus:

1. Designassembliesandproductsto bereasonableandrobustfrom the effectsof ESD.

2. Describethe levelof controlrequiredin the environment.

3. Define and identify the electrostaticprotected areas(EPAs),the areasone needsto handle
ESDsensitiveparts(ESDS).

4. Decrease the generation of electrostatic charge by reducing and eliminating static
generatingprocesses,keepingprocessesand items at the sameelectrostaticpotential, thus
enablingpropergroundpathsto decreasechargegenerationandbuild-up.

5. Neutralize and dissipate by proper ionization, grounding, and the usage of dissipativeand
conductivestaticcontrolmaterials.

6. Protect items/ tools from ESDwith accurateshunting or groundingand the usageof static
controlpackaging.

ESDcancausepermanentdamageto the componentit isimportantto followcertainrulesto avoidit

ω All componentsmust be kept in antistaticbagstill the time the assembleris readyto install
thecomponents

ωMakeuseof the groundedmatswhileon the workbenches.

ω Makeuseof groundedfloor matsincludingthe workareas.

ω Makeuseof antistaticwrist strapswhileworkingonthe computersystem

ParticipantHandbook
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1. Describethe classificationandpropertiesof ESD-safematerials,appropriatePPEs,andthe useof
storage/packagingsolutionslike traysandbags.

2. Demonstratethe correct use of ESDtools/equipment such as static voltage checkers,wrist
straps,shoegrounders,air ionizers,andionizedair guns.

By the end of this unit, the participants will be able to:

UNIT 5.2: Classification of ESD Materials

5.2.1 Classifying ESD Materials 
Tocontrol ESD,materialsare categorizedby how quicklyelectricitypassesthrough the material. The
speedis implied as the άǊŜǎƛǎǘŀƴŎŜέof the material i.e. how firmly the material prevents charge
movement.

Thespeedis measuredin Ohmsandis typicallydisplayedin powersof 10 (example10̂ 3). Thelower
the number,the moreconductivethe materialandmaybeconsideredά!ƴǘƛǎǘŀǘƛŎ.έ

Classification
Charge 

Movement
Description Resistance Ohms

Isit 
Antistatic?

Conductive VeryFast Conductivematerials:With
alow magnitudeof electrical 
resistance,electronspass 
smoothlythroughthe surface 
or acrossthe bulkof these 
materials.Chargesgoto 
anotherconductiveobjector 
to groundthat the material 
comesclose toor contacts.
Conductivematerialshave 
asurfaceresistivitya tick
lessthan1 x 10^5 ʍκǎǉΦ
Conductivematerialsare 
categorizedasά!ƴǘƛǎǘŀǘƛŎέΦ

Low 
Resistance

10^3-
10^ 5

Yes

Dissipative At a controlled 
speed.
Fastbut

Slower than 
Conductive

Dissipativematerials:For 
dissipativematerials,the 
chargesslowlypassthrough 
the materialin amore 
controlledmanner thanthat 
of conductivematerials.

Dissipativematerialspossess 
asurfaceresistivitygreater
thanor equalto 1 x 10^5ʍκ
sq.andlessthan1 x 10^12ʍκ
sq.Dissipativematerialsare 
categorizedasά!ƴǘƛǎǘŀǘƛŎέand 
areaccountedasthe ideal 
rangefor ESDmaterials.

Medium 
Resistance

10^6-
10^ 10

Yes
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Insulative Slowor No 
Movement

Insulativematerials:These 
materialslimit or prevent
the flow of electronsacross 
their surfaceor throughtheir 
volume.Insulativematerials 
exhibita highelectrical 
resistanceandarehardto 
ground.Staticchargesstay in 
placeonsuchmaterialsfor
averylongtime. Insulative 
materialsarethosewith a
surfaceresistivityof at least
1 x 10^12ʍκǎǉΦor avolume 
resistivityof 1 x 10^11ʍ-cm 
(minimum). Insulative 
materialscannotbeclassified 
as ά!ƴǘƛǎǘŀǘƛŎέΦ

High 
Resistance

10^11-
10^ 12

No

Anti-Static: It is a term usedto describematerialsthat prevent the build-up of staticelectricity. Both
conductiveanddissipativematerialsareclassifiedasAntistatic. Insulativematerialsarenot.

TypicalStaticChargeSources:

Source ESD Producing Material

Work Surfaces Waxed, painted or varnished surfaces, untreated vinyl and plastic, glass

Floors Sealed concrete, waxed or finished wood, floor tile and carpeting

Clothes and 
Personnel

Non-ESD smocks, synthetic material, non-ESD shoes, hair

Chairs Finished wood, vinyl, fibreglass, non-conductive wheels

Packaging and 
Handling Materials

Plastic bags, wraps, envelopes, bubble wrap, foam, Styrofoam, non-ESD totes, 
trays, boxes, and parts bin

Assembly Tools and 
Materials

Pleasure sprays, compressed air, synthetic brushes, heat guns and blowers, 
copiers and printers

TypicalStaticVoltageGeneration

Source 10-20%Humidity (in Volts) 65-90%Humidity (in Volts)

Walkingoncarpet 35000 1500

Walkingonvinylflooring 12000 250

Workerat abench 6000 100

Vinylenvelopes(work 
instruction)

7000 600

Plasticbagpickedup from the 
bench

20000 1200

Workchairwith foampad 18000 1500

ParticipantHandbook
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1. Discussthe methodsfor identifyingESD-sensitiveparts,packages,andareas,includingthe useof
precautionarylabels,packaging,andhandlinginstructions.

2. Describeproper handling,storage,and stackingmethods for ESD-sensitivecomponents,sub-
assemblies,andassembliesto preventfailures.

3. Demonstratethe correctmethod to packandunpackelectroniccomponentsin compliancewith
ESDprocesses.

4. Showhow to handlesemi-finishedproductsafter assemblyoperationsusingESD-free trays and
conveyorlines.

By the end of this unit, the participants will be able to:

UNIT 5.3: ESD Safety Procedures

5.3.1 Safe Cleaning Practices
Thevariousmaterialsto be usedby the housekeepingstaff for cleaningare:

A. CleaningAgents

ω Solvents

► Asolventisa liquidthat iscapableof dissolvingaliquidor solidsolute,producingasolution

► Wateris the widelyusedsolventin dailylife

► Watercanalsodilute anycleaningsolutionfor easeof usage

► Warmwaterdissolvessolutessuchassoapfasterthancoldwater

ω Detergents& Soaps

► Soapsand detergentsare usedas cleaningobjectsbecausepure water cannot remove 
organicsoilingor oily particles

► Soapisoneof the rare objectsthat allowwater andoil to mixso thatrinsingcantakecare 
of the removalof the oilygrime

► Detergents,in termsof properties,aresimilarto soap.However,theyarelesslikelyto form 
soapscumandarenot hugelyimpactedby the presenceof mineralparticlesin hardwater

Fig.5.3.1: Cleaningprocess
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► Detergentsto beuseddependon:

§ Materialto becleaned

§ Cleaningequipmentto beused

§ Typeof dirt

ω LiquidCleaningAgents

► Liquidcleaningagentscanbeeitherdiluted in wateror useddirectlywith adry cloth.

ω WashingSoda

► It isusefulfor emulsifyinggreaseondrainpipes,guttersor stonesurfaces.

► In strongconcentration,it couldbeanirritant andinjuriousto skin,fabricsbrushes,wood
andpaint.

► Washingsodaisusefulasawatersoftener.

ω Sodabars,PowdersandFlakes

► In recent days,normal soapshave been substituted by excellentsynthetic soapwhich
compriseslessdetergentsandlessaffectedby hardwater

► Theygivelatherpromptly

► Theyshouldbemadethoroughlydissolvedin water

► Shouldbeusedin right proportionandconcentrationfor bestoutcomes

► Shouldbekeptor storedonopenshelvesin a dry storagearea

ω Acid

► Acidsareusedto removemetalstains

► Lemonandvinegarareusedto removethe tarnishof brassandcopper

► Resistantwaterstainsisremovedwith strongeracidssuchashydrochloricacidor oxalicacid

► Thisshouldbeusedunderexperiencedandstrict supervisionto avoidrisks

ω Alkali

► Sodiumhydroxide,ammoniaand causticsodaare alkalisand are usedasstain removal
agentsandgreaseemulsifiers

► Strongalkalinecleaningagentsbasedon liquidor causticsodain flakesareavailablefor the
cleaningof largeindustrialequipment,andblockeddrains

► Extremecareisto betakenin their useastheyareverystrongandarehighlycorrosive.

ω Absorbents

► Theseperform the cleaningaction by absorbingthe stain or grease; for example,
starch,Frenchchalkpowders,andbesanor gramflour.

► Theirconstituentsmaydiffer andmanyareof vegetableorigin.

► Unlikeabrasives,theyarenot manufactured.

ω Toilet Disinfectants& Antiseptics

► Disinfectants& Antisepticsarenot strictlycleaningagentsbut areoften usedduringcleaning
operations.

► Disinfectantskill bacteria.

► Antisepticspreventbacterialgrowth.

ParticipantHandbook
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B. ManualandPoweredEquipment

Manual cleaningtools and equipment are operated by hands while Poweredequipment are
connectedto apowersupplyor battery.

ωFunnel

ωRubber

ωSpatula

ωFloorMop

ωBowlSwab

ωPlasticCaddie

ωSprayBottle

ωCobwebCleaner

ωDryVacuumCleaner(Commercial)

ωSuctionDryer

ωωDustPanandBrush

ωBucketandMugSqueegeesScrubbingBrushSponge

ωScraper

5.3.2 Safe Cleaning Practices

Usesof PersonalProtectiveGear

Å Personal Protective Equipment, commonly termed as PPE, is specialized clothing or

equipment worn and used by employeesfor safeguardingthemselvesagainstOccupational

HealthandSafetyhazards.

Å Suchclothingare aimedat protectingdifferent parts of the body, like hands,eyes,ears,face,

feet, headetc.

Hereisa tableof personalprotectiveequipmentthat arewidelyused.

Å Hand Gloves ςUsed for protecting the hands from harmful and corrosive chemicals,

extremetemperatures,sharpandcontaminatedobjects. Forexample,Nitrile glovesareusedfor

protecting the hands against solvents, oils, greases,tar, acids and alkalis. Glovesmade of

natural rubber or Latex are used for protection againstcontaminationsand biohazardrisks.

Asbestosglovesarewornwhiledealingwith extremelyhot materials.

Å Safety ShoesςTheseare made of highly durable and robust material and protect the feet

from injuriesdueto cutsandbruises.

Å SafetyGogglesςTheseprotect theeyesfrom harmfulradiation,dustparticlesandsplinters.

Å Masks and Face Shields- These are worn especially during welding, gas cutting and

brazingoperations,in order to protect the face from direct flame, extremetemperatures,dust

particlesandsplinters.

Å ApronςThisprotects the clothesfrom dust and other impurities. Theseare often heat-resistant

andanti-abrasivein nature.

Å EarMuffs ςTheseare usedin extremelynoisyplaceslike workshopsand factories,to protect

theearsfrom damages.

Å Respirators- Themasksof the FilteringFacePieceGrade-3 (FFP3) specificationthat allow only

5%

Å air pollutant leakageandfilter around99%of the particlesup to 0.6˃Ƴ.
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Peopleareoneof the primesourcesof staticelectricity. Themotionsrequiredto repaira circuitboard

or the act of walkingaround can produceseveralthousandvolts of static electricity on the human

body. If it isnot controlledaccurately,thiscandischargeinto anESDsensitivedevicesimilarto a typical

HumanBodyModel discharge. A person(humanbody)canalsotransferchargeto a circuit boardor

other itemsmakingthosevulnerablesubsequently.

Evenin test processesand highlyautomatedassembly,peopleneedto handleESDSin repair, in the
warehouse,in transport, in the lab. Thus,ESDcontrol programmesput considerableemphasison
regulatingpersonnelgeneratedstaticelectricity. Onasimilarnote, the movementof mobileequipment
andother wheeledtoolsalsocanproducesubstantialelectrostaticchargesthat transferto the products
attachedto the equipment.

HeadProtection

Fig. 5.3.2 Safety Helmet

Headinjurycanimpairaworkerfor the lifetime.Wearingsafetyhelmetisthe easiestwayto avoidsuch 
situations.Safetyhelmetisusedtoς

ÅProtectheadfrom fallingobjectsandknocks

ÅReduceriskof headbumpingagainstfixedobjectslikeexposedpipesandbeams

ÅProtectheadfrom accidentalelectricalhazards

Safetyhelmet comesin different forms. Somehelmetsincludeother protective elementssuchas 
goggles;earmuffsattachedto it. Safetyhelmetshouldbeworn on the head,not onanyhat or cap.

EyeProtection

Safety Goggle Safety Spectacle Facemask

Eyeisoneof the mostdelicateorgansof the body. Assemblingisa job whichcomeswith varioushazards
relatedto eyedamage. Forexample,sawdust,smallpiecesof sharpobjectsmaycausedamageto the
eye. Therefore,eyeprotectionmustbeused. Somewidelyusedeyeprotectionareς

Å SafetyGoggle

Å SafetySpectacle

Å Facemask
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