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— KeyLearningOutcomes | ¢

Bythe end of this module, the paricipantswill be able to:

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.
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UNITL1.1: Introduction to the sector and the job role of a Ling
Assembler Telecom Products

_ Unit Objectives|©

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

1. Explainthe significanceof the telecom sector in the manufacturingand assemblyof telecom
products

Elucidatethe keyskillsandtechnicalexpertiserequiredfor a LineAssembler TelecomProducts
Describehe challengegacedin assemblingandtestingtelecomequipment

Determinethe impactof precisionand quality controlin telecomproductassembly

o~ DN

Discusghe rolesandresponsibilitief a LineAssembler TelecomProductsin ensuringefficient
production

—1.1.1 Telecom Sector

L ¥ R Zeled@ra 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 and urban areasalike Asof 2025 Indiais advancingapidly in 5G deployment,fiber
opticexpansion|oTinfrastructure,and satellitecommunicatiometworks

With initiatives suchas Digital India, Make in India, and PLI(ProductionLinkedIncentive)schemesthe
telecommanufacturingecosystenis seeingrapid localization Domesticmanufacturingand assemblyof
telecomequipmentr rangingfrom mobile handsetsandroutersto 5G radiosand opticalfiber cables is
on the rise. Thisgrowth is creatinga significantdemandfor skilled professionalsn telecom product
assemblyWe needto build and usea lot of equipmentlike mobile towers, specialinternet boxes,and
fiber optic cables

Insteadof buyingall this equipmentfrom other countries,Indiais now:

Wireless users: 1.17 billion
| Jio 474,61 million
| Airtel 387.76 million
| Vodafone  218.15 million T
| BSNL 86.32 million 4

Wired broadband users:
41.31 million

Data Usage 4G used the most (8
From June to Sept 2024, Wireless datarose  6.66%), followed by

total data use 4.01% from Septto 56 (12.59%),3G(0.65%)
grew by 40.76% Dec 2023 I
B._

4G 56 3G 26

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 video online. Youneeda phone,
andyour phoneneedsto connectto a network. Thatnetworkis madeup of manypiecesof equipment
¢ from the antennason mobiletowersto the cablesrunningunderground

Here'swhy makingthesetelecom productsin Indiais soimportant:

A Lotsof Demand(PeopleNeedt!): Billionsof peoplein India use phonesand the internet. Every
time someonebuys a new 5G phone or gets a faster internet connection,more equipmentis
needed Thiscreatesa hugedemandfor factoriesto build theseproducts

A Createslobs(YourJob!} Whenfactoriesbuild telecomproducts,they needworkersc peoplelike
you! Thismeansmore jobsfor assemblerstesters,quality checkersandmanyothers. It alsohelps
other businessehat supplypartsto thesefactories

A MakeslIndia Stronger(No More Waiting!). If we canbuild our own telecom equipment,we don't
haveto wait for other countriesto sendit to us. Thismakesindiaindependentand readyfor any
challengelt's like buildingyour own houseinsteadof alwaysrenting.

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

A We CanSellto Others(Export!) If we getgoodat makingtelecomproducts,we canevensellthem
to other countries bringingmore moneyinto India

2. SkillsRequiredto be LineAssemblerfor TelecomProducts
Asa Line Assembleryou are like a builder of electronicparts. Youneedto be careful, focused,and
havecertainskills
Herearethe key skillsyou will need
w Understandinghe BasicgKnowingYourParts)
o Knowingthe ComponentsYouneedto learnto identify different smallelectronicparts like
resistorscapacitorsand connectors Theymightlook similar,but eachhasa specifigob.
0 UsingTools Youwill usehandtools like screwdriverspliers, wire cutters,and maybeeven
solderingirons. Youneedto usethem correctlyandsafely
o Readinglinstructions Youwill get instructions, often with pictures, showingyou exactly
whereeachpart goes Youmustbe ableto readandfollow thesecarefully.
w BeingCarefuland Accurate(Precision)
o SteadyHands Manypartsaretiny, soyouneedsteadyhandsto placethem correctly.
o Attention to Detait Youmust notice smallthings ¢ like if a part is slightly bent or in the
wrongplace Missingtiny detailscancausebig problemslater.
w CaringAboutQuality(Doingit Rightthe FirstTime)
o FollowingRules Youmust alwaysfollow the stepsand rulesgivenfor assemblyDon't take
shortcuts!
o CheckingrourWork: After you finish a step, quicklycheckif you'vedoneit correctlybefore
movingon. Thishelpscatchmistakesearly.
w SolvingSmallProblemdIf SomethingGoesWrong)
0 Spottinglssueslf a part doesn'tfit or lookswrong,youneedto spotit.
o TellingYourSupervisarWhenyou find a problem,you musttell your supervisorsothey can
helpfix it.
w Workingwith Others(Teamwork)
0 HelpingEachOther. You'llbe part of a team on the assemblyline. Sometimesyou might
needto helpateammateor askfor help.
o ClearTalkingIf youfind a problemor needsomethingtell your supervisorclearly.
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w BeingSafe(YourSafetyFirst!)
o Following Safety Rules Always follow safety rules when using tools or working near
machines
o ESDOElectreStaticDischargeBafety Thisis veryimportant! Someelectronicparts are very
sensitiveto static electricity from your body (like when you rub your feet on a carpetand
get a smallshock) Youwill learnhow to wear specialwrist strapsor clothesto preventthis
from damaginghe parts.

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

3. Challengesn Assemblingand TestingTelecomEquipment
Eventhough it's an excitingjob, assemblingand testing telecom equipment can haveits difficulties.
Knowingthem helpsyoube prepared!

w TinyParts,BigJobs Telecomproductsare getting smallerand smaller,but they do more things
Thismeansthe parts inside are very tiny and packedcloselytogether. It's like building a very
small,complicatedmachine

w Many Different Parts A singletelecom product can have hundredsor thousandsof different
typesof smallelectronicparts. Rememberingnd placingeachone correctlyisa challenge

w StaticElectricity(ESD)As mentioned, static electricity can be a big problem Evena tiny static
shockfrom your finger candamagea sensitiveelectronicchip without you evenknowingit. This
iswhy following ESDrules(wearingwrist straps,workingon speciaimats)is crucial

w Heat Management Phonesand network equipment can get hot when they work. During
assembly you might need to make sure parts that get hot have proper cooling attached, like
specialpadsor smallmetal pieces(heatsinks) If not done correctly,the productmight overheat
andstopworking

w RadioSignal§RF) Telecomequipmentdealswith radio signals(like Wi-Fior maobile signals) The
way you put parts together can affect how well these signalswork. So, being preciseis very
importantfor the productto functioncorrectly.

w Cleanlines$/atters: Dustor dirt candamagesensitiveelectronicparts or blockconnections The
assemblyareaneedsto be keptveryclean

w CheckindgzverythingTestings Hard!) After assemblyeveryproductneedsto be testedto make
sureit worksperfectly. Thisinvolvesmanydifferent typesof tests ¢ checkingf it turns on, if the
signalsare strong, if it canconnectto the internet, andif it can handledifferent temperatures
Thistestingcanbe complexandtakestime.
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w 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 Precisionand Quality
Imagineyour phone dropscallsall the time, or your internet is alwaysslow. You'dbe unhappy,right?
Thisis why precision(beingexactlyright) and quality control (makingsureit's perfect) are soincredibly
importantin telecomproductassemblylt's not just aboutbuildingit; it's aboutbuildingit right.
Here'swhy they are sovital:
w 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 lastlonger. Theydon't breakdown often,
meaningfewer repairsandlessfrustrationfor the user.
w HappyCustomersGoodReputation
0 People Trust the Brand When products are good, customersare happy and trust the
company Theywill buy from that companyagainandtell their friendsaboutit.
0 BadNewsSpreadd-ast If productsare low quality, peoplewill complain,andthe company's
reputationwill be damaged
w SavedMoneyfor the Company
0 LessWaste If you build it right the first time, fewer productswill be thrown awayor need
to be fixed,whichsavesmoney.
o FewerRepairsif productsdon't breakoften, the companydoesn'thaveto spendmoneyon
fixingthem or replacingthem for customers
o0 Smooth Production When everyone works precisely,the assemblyline runs smoothly
without constantstopsto fix mistakes
w MeetsRulesandRegulations
o0 SafetyFirst Telecomproductsmust meet strict safety rules set by the government Good
guality controlensuregheserulesare met, preventingaccidentsor fines.
w StaysAheadof Competition
o0 Better ThanOthers In a marketwith manycompaniesthe one that makesthe bestquality
productswill attract more customersand be more successful

5. Roleand Responsibilitieof a LineAssembler
AsaLineAssembleryouare a critical part of the productionteam. Youractionsdirectly affect how fast
andhow well productsare made
Hereare your mainrolesandresponsibilities
w PuttingPartsTogetherCorrectly
o ExactPlacement Your most important job is to put eachpart in its exact correct place,
followingthe instructionsperfecily.
o Proper Connections Making sure all wires are connected properly, and all screwsare
tightenedjustright.
o CarefulHandling Handlingsensitivecomponentswith careto avoiddamage
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Fig. 1.1.3Facility of Line Assembling work station

w FollowinginstructionsEveryTime
0 No Shortcuts Alwaysfollow the StandardOperatingProcedures(SOPsY; these are the
official step-by-stepguides Don'ttry to guessor skipsteps
0 ConsistencyEveryproductyouassembleshouldbe madeexactlythe sameway.
w CheckingrourOwnWork (BeYourOwnQualityChecker!)
0 VisualCheck After you finish a step, quickly look at your work. Doesit look right? Is
anythingmissing?
0 Spotting Problems If you see a part that looks damaged,or somethingis not fitting
correctly,report it immediately Don'ttry to fix somethingyou're not trainedfor.
0 Keepingt Clean Makesureyourworkstationandthe productare free of dustor debris
w UsingToolsProperly
0 RightTool,RightJol Usethe correcttoolsfor eachtask
o Carefor Tools Takecareof yourtools. Reportif atool isbrokenor not workingwell.
w KeepingRecordsand TalkingClearly
o FillingForms Youmight needto fill out simpleformsto recordwhat you'veassembledr if
youfoundanyissues
o SpeakindJp: If you find a problem, or if you're not sure about something,speakclearlyto
your supervisomr the quality controlteam. Don't stayquiet!
w WorkingSafely
0 YourSafetyFirst Alwayswear your safety gear (like glovesor safety glassesif required)
andfollow all safetyrulesin the factory.
o CleanWorkspaceKeepyourwork areaneatandtidy to preventaccidents
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— Notes
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UNIT1.2;: Fundamentalof Electronics

_ Unit Objectives| @

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

1. Evaluatghe fundamentalsof electronics
2. Demonstratehe basicsof electroniccircuit

— 1.2.1 Fundamentalsof Electricity
DefiningElectricity.

In the modern world, electricity is essentialfor the functioningof computers,cell phones,lights, air
conditioners,solderingirons, etc. Escapingelectricity is impaossiblebecauseit occursnaturally, from
lightningto humanbodies

Electricityis a natural phenomenonthat comesin variousforms. Electricityis the movementof electric
charge

Fig1.2.1:Electridbulb:an exampleof electronicproductusedin daily life

Conceptof currentandvoltage:

All basicelectricalor electroniccircuits consistof three different, but very much related electrical
guantitieswhichare:

w Voltage|v),

w Current,(i)and

w Resistanc® m 0




s ParticipantHandbook

ElectricaNoltage:

Energy out: Heat and light

Energy out: Kinetic

N

Energy in: Lift

Energy in: Battery

Figl.2.2: Ananalogybetweenenergylift andelectroniccircuit

Voltage, (V) is defined as the potential energy of an electrical supply accumulatedin the form of
electricalcharge Voltagecanbe perceivedasthe force that pusheselectronsthrougha conductorand
the higherthe magnitudeof voltage the greaterisits strengthto & LJdzthéefectronsthrougha circuit

What are joules?

Ada W2 dgh Sahdardunit of work or energyin the International Systemof Units (SI),which denotes
the work done by one-Newton force whenits point of applicationmovesthrough one-meter distance
alongthe direction of the force. Onejoule is equalto 107ergsand one watt-second It is also called
Newton-meter.

Thedifferencein voltagebetweenthe terminal points, junctionsor connectionsn a circuitis calledthe
PotentialDifference(alsoknownasthe VoltageDrop)

Thepotential differencebetweentwo nodesis measuredn the unit Volts(symbold +oé & @ & 0

A constantsourceof voltageis calleda DC(DirectCurrent)voltagewhile a voltagethat keepson varying
periodicallyis knownasan AC(AlternatingCurrent)voltage Batteriesor other power suppliesare used
to generatea steadyD.C voltagesourcesuchas5v, 12v, 24v, etc. in systemsand electroniccircuits
While A.C voltagesourcesare availablefor industrial power, domestichouseand power transmission
aswell aslighting

Whatisan Ohm?

(Theohm is the standardunit of electricalresistancein the International Systemof Units (SI) Ohms
are alsoused,when multiplied by imaginarynumbers,to denote reactancein alternatingcurrent (AC)
andradio-frequency(RF)applications Reducedo baseSI(Systémenternational)units,one ohmisthe
equivalentof onekilogrammeter squaredper secondcubedperamperesquared1 kgtimesm 2 ws-3
wA-2 . Theohmisalsothe equivalentof avolt perampere(V/A))

Generallycircuitsoperateon low voltageD Cbattery supplies Thecircuit symbolfor a DCvoltagesource
usuallygivenasanormalbattery symbol
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VoltageSymbols

+

Single Multiple Cell  DC Voltage  AC Voltage
Cell (Bettery) Source Source

Fig1.2.3: Symbolsassociatedo anelectroniccircuit

ElectricCurrent

—
Flow of
., electrons

—
.(_

Direction of
Current
—
(—

Figl.2.4: Anexampleof electroniccircuit

ElectricalCurrent(l) is the flow of electriccharge Electricalcurrent is measuredin the unit Amperes
(symboli). It is the constantand uniform flow of electronsaround a circuit which are pushedby the
voltage source In reality, electronsflow from the negativeterminal to the positive terminal of the
circuit Thecurrentflowsoppositeto the flow of electrons

Typicallyin circuita diagram the flow of currentis usuallyrepresentedoy an arrow associatedvith the
symbol,l to indicatethe currentflow direction

ConventionalCurrentFlow

I +

J/'-—.' —-
C onwention al
Current Flow ¢

T o

Fig1.2.5:Howcurrentflows conventionally

— B/
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Amount of energy
that canbe carried

Candelivermore powerandis safe
for long-distancetransfer

Alternating Current(AC) DirectCurrent(DC)

DCvoltagestartslosingenergy
whiletravellingfar

Thedirection of
electronflow

Rotatingmagnetismwhichcanbe
foundalongandthroughoutthe
wire

Steadymagnetismwhich canbe
found along and throughout the
wire

forward directionsof electrons;
the electronskeepon switching
betweenbackwardand forward
directions

Frequency Rangedetween50-60Hz(country- | NIL
specific)
Direction Reversed Unidirectional
Current Timedependent Constantandindependentof
changesn time
Flowof Electrons Enable$oth backwardand Enable®nlythe forward direction

of electrons

andsquare

Obtainedfrom ThemainpowersupplyandAC Batteryor cell
generator

PassiveParameters | Onlyimpedance Onlyresistance

PowerFactor Rangedetween0-1 Alwaysequalto 1

Types Sinusoidalfriangular,trapezoidal Pulsatingandpure

function.

Directionof flow of Bidirectional Unidirectional
electrons
Polarity Haspolarity (+ OR-) Doesnot havepolarity
Typeof load Theirloadisresistive, inductiver Theirloadisusuallyresistivein
capacitive. nature.
Convertible Easilyconvertibleinto directcurrent | Easilyconvertibleinto alternating
current
Substation Onlyafew substationsareneeded | Ahigherno. of substationsare
for transmissiorandgeneration neededfor transmissiorand
generation
Hazardous Dangerous Verydangerous
Application Factories|ndustriesandfor Electroplating Electrolysis,
domesticpurposes Electronicequipmentetc.
Fuses

Fusesre usedin electroniccircuitsto protectthem from electricoverload. Theyhavea protective
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Afuseis madeof a low resistancemetallicwire placedin a non-combustiblematerial In the eventof
a short circuit, over current or mismatchedload connection,the thin wire insidethe fuse melts. This
is causedby the heat generatedby the heavycurrent flowing throughit. Theelectricalsystem,which
suppliescurrent, must be disconnectedrom the power supply Theregularoperation of the system,
connectedto the power supply,is not hamperedby fuses Thecommonlyavailabletypesof fusesare:
ACfusesandDCfuses

Resistance

Resistance(R)isthe property of amaterialto preventor resistthe flow of current, specificallythe flow
of electricchargewithin a circuit. Thecircuitelementwhichperformsthis is calledthe Resistor.

h K'Y dOm&ga)the unit of Resistancezomeswith prefixesusedto denoteKiloohms(1] a10°wm)
andMegaohms(1a m=10°w). Resistanceannotbe negativein value,it is alwayspositive.

A

Fixed Value Fixed Value Variable Variable (LDR}) Light
Resistor Resistor Resistor Resistor Dependant
(IEC Symbal) (IEEE Symbal) (Potentiometer) (Rheostat) Resistor

Figl.2.6:ResistoiSymbols

Theamountof resistancds controlledby the relationshipof the currentflowingthroughit to the amount
of voltageacrossit, which decideswhether the circuit element haslow resistanceor high resistance
Lowresistancecircuitis a good conductormadefrom materialslike aluminium,copper,or carbonwhile
a highresistancecircuitis a bad conductorcomprisesinsulatingmaterialssuchas porcelain,plasticor
glass

Therelationshipbetweencurrentandvoltagein a constantresistancecircuit would generatea straight
linei-v relationshipwith slopeequalto the resistanceralueasdepictedin the figure below:

Current Flow
I /‘\Ammeter

= T -
. Circuit

. Resistance

+| Linear
Value

Figl.2.7: TherelationshipbetweenVoltage Currentand Resistance

— B/
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Thethree units canbe summarizedas:
w Voltageor potentialdifferenceis the measureof potentialenergybetweentwo pointsin a circuit
andiscommonlyreferredto asits @ @ RIN® LI

w Whena voltagesourceis connectedto a closedloop circuit the voltagewill producea current
flowingaroundthe circuit

w InDCvoltagesourceghe symbolstve(positive)and-ve (negativeare usedto denotethe polarity
of the voltagesupply

w Voltagesmeasuredn ¥ ¥ + aridiiagthe symbolW Wiar goltageor W Wér énergy
w Currentflow isacombinationof electronflow andwholeflow througha circuit

w Currentis the continuousand uniform flow of chargearound the circuit and is measuredin
a ! Y LISANds!a ¥ Lakadbasthe symbola L €
w Currentisdirectly proportionato voltage

e

Theeffective(rms)valueof analternatingcurrenthasthe sameaveragepowerlossequivalento a
directcurrentflowingthrougharesistiveelement

Resistancéthe oppositionto currentflowingarounda circuit

Lowvaluesof resistancemplya conductorandhighvaluesof resistancempliesaninsulator
Currentis InverselyProportionatto Resistancél 1/° R)

Resistancésmeasuredn & h K & B yiaRthe Greeksymbold mar the letter & i

ResistorSymbols

ResistofIEEE]Institute of
S o ElectricabndElectronics

Engineers)

€ € € €

Resistor decreaseshe flow of
current

O ey ResistofIEC](International

ElectroTechnicaCommissions)

Potentiometer{IEEE]

Adjustableresistor (withthree
terminals)

VariableResisto¥ Rheostat
[IEEE]

Adjustableresistor (withtwo
terminals)

VariableResistof Rheostat
[[EC]

o_avr—a
B—?—ﬂ PotentiometelEC]
%
o—i‘—u

I
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ResistorSymbols

—lﬁ‘ TrimmerResistor Thisis a pre-setresistor

Photoresistor Lightdependent Changesesistancewith
resistor[LDR] changesn lightintensity

—- 1.1.2Componentsf ElectronicCircuitsand their Functions —

Transmitter. Transmittersare instrumentsthat are usedto senddataasradiowavesin a particularband
of the electromagneticspectrumto fulfil a specificcommunicationrequirement,irrespectiveof voice
or generaldata To perform this, a transmitter consumesnergyfrom a sourceand transformsit into
aradiofrequency Whenthe rapidly changingenergyis directedthrough a conductor,electromagnetic
wavesare radiatedoutwardsto be receivedby areceptor.

Atransmittercomprises:

w Powersupplyt Powersupplyisanenergysourceusedto poweronthe deviceandcreateenergy
for broadcasting.

w Electronic oscillator Electroniascillatorproducesawaveknownasthe carrierwavewhere data
isimposedandbornethroughthe air.

w Modulator T Modulator addsthe actualdatato the carrierwaveby varyingsomeaspectf the
carrierwave.

w RHRadioFrequencypmplifier t RFamplifierraisesthe signalpowerto augmentthe rangewhere
the wavescanreach.

Power Suppl
(Eenas)

Analog
Channel to

Speaker

Fig1.2.8:Blockdiagramof transmitterandreceiver

- —
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Bridgerectifiers:
Evolutionof rectifiers
Rectifierccanbe broadlyclassifiednto threetypes:

w Bridgerectifier

w Halfwaverectifier

w Centretappedfull-waverectifier

Theaboverectifiershaveacommonaim of converting AlternatingCurrent(AC)into DirectCurrent(DC).

In half waverrectifier, only a half cycleis permitted while the other half is blocked Asan outcome,almost
half of the appliedpoweriswasted Theoutput voltageor current producedby half waverectifier is not
beneficiabecauset isnot purelyDC

(Pulsating)

ANWANS

1 1

C‘cmc Primary, iy :%

1= Current

D = Diode

Ry~ Load resistor

T = Transformer

+ = Positive half cycle
- = Negative half cycle

Half wave rectifier

11

I
'3

Fig1.2.9: Circuitdiagramof half waverectifier

Toovercomethe aboveproblem,the centretappedfull waverectifierisused.

Thechiefadvantageof centretapped full waverectifier isthat it permitselectriccurrentduringboth
positiveandnegativehalf cycles.

During positive
half cycle

| /

T —>—>—>¢—>

A

A ‘_ -
0 AC

mput bAAA (_

—) —_— - —>

DC output T
v I N,

Input AC signal tput DC signal

Centre Tap DZ . .
During negative

half cycle

Fig1.2.10:Anillustrateddiagramof the flow of currentandinput-output throughfull waverectifier

Thecentretappedfull waverectifier hasone drawback that is, the centretappedtransformeris very
costlyand occupiesa largeamountof space Toreducethis cost, scientistshavedevelopedthe bridge
rectifier.

— B




LineAssembler TelecomProducts

In a bridge rectifier, no centre tap is required. If steppingup/down of voltageis not essential the
transformercanbe removedfrom it.

Theefficiencyof a bridge rectifier is almostequalto the centretapped full wave rectifier. Theonly
benefitof the bridge rectifieroverthe centretappedfull waverectifier isthe costreduction.

Inabridgerectifier, insteadof usingthe centretappedtransformer,four diodesare used.

Workingof BridgeRectifier

Whenan input ACsignalis appliedacrossthe bridgerectifier, duringthe positivehalf cycle,diodesD1
and D3 areforward-biasedandallow electriccurrentwhile the diodesD2 and D4 are reversebiasedand
blockelectriccurrent Onthe contrary, duringthe negativehalf cycle,diodesD2 and D4 are forward-
biasedand permit electric current while the diodesD1 and D3 are reversebiasedand hinder electric
current

Terminal A becomespositive and B becomesnegativeduring the positive half cycle Thiscauseshe
diodesD1 and D3 to be forward-biasedand simultaneously it causesthe diodesD2 and D4 to be

reversebiased

e p— N\

* D1 : D3 = D1 D3

Ay Ay

AC D4 D2 AC

- / oo Load | 4+ o] Load

S gj e ]
(I ) ([ '

Positive half cycle Negative half cycle

Fig1.2.11:Flowof currentthroughBridgeRectifier

TerminalB becomespositive and A becomesnegativeduring the negativehalf cycle Thiscauseshe
diodes D2 and D4 to be forward-biasedand simultaneously it causesthe diodesD1 and D3 to be
reversebiased

Integrated Circuits:
WhatisIC

Fig1.2.12:SampldC(IntegratedCircuit)

An integratedcircuit (IC),alsoknown asa microchipor chip, is a semiconductomwafer on which tiny
capacitorsresistors,and transistorsare attached AnICcanfunction asan oscillator,timer, amplifier,
computermemory,counteror microprocessar

— B/
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DigitallCscomein manydifferent types.Thefollowinglist showsthe ICsusedfor different applications.

w
w
w

Microcomputerswhichare ICsthat carryout varioustypesof processing
Memory,whichcompriseglatastoringlCs

CustomlogiclCswhichcompriseoriginaldedicatedcircuitryimplementedby or for the needsof a
particularuser

Applicationsand Usesof Integrated Circuits

Theadvantagef IntegratedCircuitsare:

w
w

Verysmallsize- Hundredtimessmallerthandiscretecircuits

Lesseweightg Weightisreducedsincealargenumberof componentscanbe packedinto asingle
chip

Lesgost- Themassproductionhashelpedin pricereduction

Highreliability ¢ Theabsenceof solderedconnectionnegligibletemperaturesurge,andlessno. of
interconnectionsthe failurerateislowin ICs

Lesgpowerrequirement¢ Powerconsumptiorislesssincethe sizeis
Easyeplacement; Chipsare easilyreplaceablen caseof failure

Multiplexer: The multiplexers and demultiplexersare digital electronic devicesthat are used to
monitor applications A multiplexer allows severalinput signalsand generatesa singleoutput signal
In multiplexing, many embedded system devices share a single bus or transmissionline while
communicatingwith the device Eachsuccessivelevicehasa brief amountof time to sendandreceive
the data

Multiple Sources Selector Single Destination
A A A

1 [ \

MP3 Player
Docking Station

)

Laptop

Sound Card =

f

D3

Surround Sound System

N

Digital B A Selected Source
Satellite
0 0 MP3
0o 1 Laptop
1 0 Satellite
Digital
Cable TV i a Cable TV

Fig1.2.13:Variousfunctionsof a multiplexer
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Sensors:

Figl.2.14:Sensor

Whatis a Sensor?

Sensolis atool that detectsthe minute variationsin physicalglectricalor other quantities It generates
anoutput asperthe changen the quantity.

Typesof sensorsandtheir uses

SpeedSensor Sensoraisedto detectthe speedof anobjectare calledSpeedsensorsThereare various
typesof sensordo detect speedsuchasspeedometers\WheelspeedsensorsIDARLightDetection
andRanging)pitometerlogs,pitot tubes,groundspeedradar,air speedindicators,Dopplerradar,etc.

Fig1.2.15:Speedsensor

TemperatureSensor

Figl.2.16:TemperatureSensor

N
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An instrument, which providestemperature measurementn the form of an electricalsignal,is called
Temperaturesensor Theelectricalsignalis typicallyin the form of electricalvoltage Thereare several
typesof sensorsavailablein the marketusedfor measuringemperaturesuchas

w Contactypetemperaturesensors
w Non-contacttype temperaturesensors

PIRSensor Theelectronicsensorusedto measurethe infrared light radiation exudedfrom objectsin its
field of viewis calleda Pyroelectricsensoror PIR(Passivénfrared Sensorkensor

I

Figl1.2.17:PIRSensor

UltrasonicSensor

Fig1.2.18:UltrasonicSensor

Theconceptof ultrasonicsensolisto interpret echoesrom soundwavesor radioto determinethe
attributesof atargetby producingthe soundwavesof high-frequency.

Relaysandtheir types
What are Relays?

Arelayisaswitchingdeviceusedto isolateor convertthe stateof anelectriccircuitinto another.
P X

Figl.2.19:Relays

o
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Typeof Relay Image Function

Electromagneticelays
compriseelectrical,magnetic,
andmechanicatomponents.
Furthermore they comprise
mechanicatontactsandan
operatingcoil. Themechanical
contactsopenor closewhena
supplysystemactivateghe coil.
Thissupplysystemcanbe DC
or AC.

Thefunctioningof DCandAC
relaysisbasedonthe principle
of electrmagnetianduction.
However their constructions
aredifferentanddependon
their applicationsin DCrelays,
the coilisdeenergisedy a
freewheelingdiodewhilein
ACrelays,eddycurrentlosses
arepreventedwith the helpof
laminatedcores.

ElectromagnetidRelays

ACandDCRelays

bower Cireuit Attractiontype relayswhen

Power 1o Load | SUPPliedwith D(?orACpower,_

Source Armature attractametalpieceor bar. This
ontacts . .

. Control v metalpieceor barcanbein the
Attraction TypeRelays | circui \%_ L form of anarmatureattracted
<"--—
<

2 L Coil

—~— towardselectromagnepoles
— Core | oraplungerdrawntowardsthe
solenoid.

Theseaelaysare constructed
with electrical,mechanical
andmagneticcomponents,
andhaveanoperatingcoiland
mechanicatontacts Whenthe
coilgetsactivatedby a supply
systemthesemechanical
contactsgetsopenedor closed.
Thetype of supplycanbe ACor
DC.

Induction TypeRelays

Permanenimagnetsor high
remittancepartsare usedin
theserelayssothat, onremoval
of the coilpowersupply,the
armatureremainsat the same
point.

MagneticLatching
Relays
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Typeof Relay Function

SolidStaterelaysperformthe
switchingoperation,with the
helpof solidstatecomponents,
without movinganyparts.

SolidStateRelays

Hybridrelayscomprise
electroniccomponentsand
electromagneticelays.
Theoutput part comprises
electromagneticelaywhile the
input part compriseslectronic
circuitry, whichperformscontrol
functionsandrectification.

Hybrid Relays

Inthermalrelays.the rise

of the ambienttemperature
abovethe stipulatedlimit
makesthe contactsswich
betweenpositions.Primarily
implementedin protecting
motors,thermalrelayscomprise
controlelementsaswell
asbimetallicelementslike
temperaturesensors.

ThermalRelays

Reedrelayscomprisepaired
magneticstripscalledreeds,
whicharesealedn aglasgube
andactasboth acontactblade
andanarmature.Thereeds
canbe movedby applyinga
magnetidield to the coilaround
the tube. Thus switching
operationscaneb performed.

ReedRelays

Registers Themicroprocessois responsiblefor most of the central processingunit (CPU¥unctionsand
is triggeredwhen the computeris switchedon. Registersare tiny numberstoringlocations,which are
usedby the microprocessofor performingarithmeticandlogicoperations
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UNITL1.3: Activeand PassiveComponents

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

1. Comparevariouselectronicpart
2. Discusyarioustypesof activeandpassiveslectroniccomponents

—1.3.1 Introduction

Electronicsis the field that involves electronic components,circuits, and device characteristicsto
fabricate electronic systems Electroniccomponentshave a number of leadsor electricalterminals,
which connectto fabricatean electroniccircuit with a givenfunction (anamplifier, a radio receiver,an
oscillator,etc.). Componentsanbe classifiecaspassiveandactive

— 1.3.2 PassiveComponent

Passivecomponentscannotintroduce net energyinto the circuit Theyalsocannotrely on a power
source,exceptfor what is availablefrom the (AC)circuit they are connectedto. Consequentlythey
cannotamplify (increasethe power of a signal) althoughthey mayincreasethe currentor voltage(as
done by aresonantcircuit or transformer) Passiveeomponentsincludetwo-terminal componentslike
resistorsjnductors,capacitorsandtransformers

Nameof the Component Image Function

Theyresistthe flow of electric
current. Theresistanceas

Resistor measuredn Ohmso MmR=W/I,
where: R=Resistanc&,=Voltage
and|=Current.

It isa resistowith atap or

Potentiometer contactwhichcanbe movedto

changethe resistance.
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Capacitor

Capacitorsstore energyin its
electricfield. Thecapacitance
ismeasuredn FaradgF)
C=Q/Vwhere:C=Capacitance,
Q=ChargandV=Voltage.
Capacitorstopdirect current
flow (DC) Theyareanopen
circuitto DC.

VariableCapacitor

Thecapacitancef these
capacitorcanbe changedo
adjustacircuit.

Inductor

Inductorsstoreenergyin
its magneticfield. Theyare
measuredn Henryg(H).L=N

Connector

Theseconnectone part of an
electriccircuitwith another.
Connectorsaredesignedor
different power levelsandsignal

types.

Switch

Switchesanbe on-off controls
(singlethrow) or changethe
connectionfrom one circuit

to another(doublethrow).
Complexswitchescancontrol
manycircuitsat the sametime.
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Arelayis a switchthat is turned

on and off by an electromagnet,
or a solid state switch controlled
by anopticalcoupler.

Relay

— 1.3.2 Active Component

Activecomponentdependon asourceof energy(usuallyfrom the DCcircuit). Activecomponents
includeamplifyingcomponentdike transistorsfunneldiodes,andtriode vacuumtubes(valves).

Nameof the Component Image Function

Themostcommonfunctionof a

' 7 | diodeisto allowanelectriccurrent
to passin onedirection(called
theR A 2 FoSvarddirection),
while blockingt in the opposite
direction(the reversedirection).
Assuch,the diodecanbe viewed
asanelectronicversionof acheck
valve.

Diode

Thetransistorcanamplifyand
switchelectricalpowerand
electronicsignalsTransistorsare
built up of semiconductomaterial
with three or moreterminals,
whichare usedto connectto
anexternalcircuit. Achangein
currentcanbe inducedby applying
currentor voltage toone of the
pairsof the terminals.

Transistor

Commonlyjknownasa microchip
or chip,anintegratedcircuit(IC)is
a semiconductotbasedwaferon
whichmillionsof smallcapacitors,
resistorsandtransistorsare
connected AnlCcanfunction
asan oscillator,amplifier, timer,
computer memory, counter, or
microprocessar

Integrated Circuit




ParticipantHandbook

Optoelectronicdevices

Optoelectronic devices ampticat
to-electricalor electricatto-optical
transducersor instrumentsthat
usesuchdevicedor functioning.

Valve

Solenoidvalvescanmeasure,
close mix, or distributethe fluid
(gasor liquid) flow in apipe. The
circuitfunctionof a solenoidvalve
denotesits exactpurpose 2/2 way
valvescomprisetwo ports (outlet
andinlet) andtwo positions(closed
or open).

Resistor Colouoding

Colour Digit Multiplier Tolerance
Black 0 1

Brown 1 10 1%
Red 2 100 5 2%
Orange 3 1,000

Yellow 4 10,000

Green 5 100,000 5 0.5%
Blue 6 1,000,000 50.25%
Violet 7 10,000,000 50.1%
Grey 8 5 0.05%
White 9

Gold 0.1 5 5%
Silver 0.01 5 10%
None 5 20%
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UNIT1.4: Understandingof Diodes,Transistorsand Logic

Gates

Unit Objectives| @

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

1. Analyzecomponentdike diode,transistorsandlogicgates

—1.3.1Diodes, Transistorsand Switches
Whatisdiode?

A semiconductodevicewith two terminals typicallyallowingthe flow of currentin onedirectiononly

Whatistransistor?

Asemiconductodevicewith three connectionsgapableof amplificationin additionto rectification

PhotoTransistor

Theresemblanceof a phototransistoris quite similarto that of a transistorwith a smallexception The
baseterminal is presentin transistor but absentin phototransistor Productionof basecurrent takes
placewhenlight strikesthe baseregion (photosensitivesemiconductor Theincidentlight is converted
into photocurrentby the help of collectorbasep-n junction.

Phototransistorstructure

Emitter Light

Typical phototransistor structure

Collector

Fig1.4.1: Phototransistor

ﬁ

Figl.4.2:Packageliode

— B
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Schematicsymbol

D

Fig1.4.3:Diodesymbol

Phototransistor circuit

+ Ve
<

Figl.4.4:Phototransistorircuit

Switchtypes

Differenttypesof switchesare usedfor different applications |t isa recommendedoracticeto usethe
correctswitchfor aspecificapplication

Rotary switch: Operatedby rotation, rotary switchesare used when more than two positionsare
needed Forexample while modifyingbandson aradio receiver Therotary switchcomprisesa spindle
or rotor andthere is an array of terminals,which the circularcontactormakescontactwith. Thisarray
isdependentuponthe spindleposition

Fig1.4.5:Rotaryswitch

o
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Toggleswitch: A toggle switch can be manuallyactuated by a mechanicallever, handle, or rocking
mechanismlIt generallyhastwo positions Oncethe armis actuatedthe mechanicamechanisntends
to hold it positivelyin one position or another. Theinternal mechanicsare suchthat oncethe armis
movedit passesa certain point and it snapsinto the other position Thus,the switchis held firmly in

one positionor another.

Fig1.4.6:ToggleSwitch

Rockerswitch: Thistype of switchhasmanysimilaritieswith the toggleswitchin that it often hasjust
two positions Howevera toggle mechanismis not includedand therefore the switchingactionis not

quite aspositive

Figl.4.7:RockeiSwitch

Electronicswitch: FETsnd alsobipolartransistorsaswell as SCR§SemiconductoControlledRectifiers)
canbe usedfor switchingelectronicand electricalcircuits When semiconductortechnologyalone is

usedto provideswitchingtheseswitchesare often referredto aselectronicswitches

b [
|LE s

Fig1.4.8:ElectronicSwitch

o
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Listof semiconductomaterials

. ChemicalSymbol .

Material Details
/ Formula

Germaniumasemiconductomaterial,was
commonlyusedin the first transistorsaswell as
radardetectiondiodes.Germaniumbaseddiodes
exhibita hightemperaturecoefficientandreverse
conductivity. Thisiswhy earlytransistorsoften
sufferedfrom thermaldrainage.

Germanium Ge

Siliconthe mostcommonsemiconductorcanbe
easilyfabricatedandexhibitsgoodmechanical
andelectricalproperties.Whensiliconis usedin
integratedcircuits(ICs)jt resultsin the formation of
high-quality siliconoxide,which actsasan insulation
layerbetweenthe L / a@t&eelements

Silicon S

After silicon,Galliumarsenideisthe mostpopular
semiconductorlts highelectronmobility is
veryusefulfor fabricatinghigh-performanceRF
devicesGalliumarsenideis alsocommonlyused
Galliumarsenide GaAs asasubstratefor afew other semiconductorgike
GalnNAsndInGaAs. Howeveits brittle natureand
lower hole mobility ascomparedo Silicorrestricts
its applicationin P-type CMOSComplementary
Metal-OxideSemiconductorransistors.

Siliconcarbideiscommonlyusedin power devices
whereits lossesare considerablyesserandoperating
Silicorcarbide SiC temperaturescanbe greaterthan thoseof silicon
baseddevicesSiliconcarbidehasa breakdown
capabilityaboutten timesthat of siliconitself.

Galliumnitride is now beingcommonlyusedin
microwavetransistorssince theserequire high
temperatureandpower. It isalsobeingusedin afew
microwavelCs GaN(Galliumnitride) is difficult to
dopeto createp-typeregionsandit isalsosensitiveto
ESOElectrostatiDischarge)hut relativelyinsensitive
to ionisingradiation.It isalsousedin afew blue LEDs
(LightEmittingDiodes).

Galliumphosphides a semiconductomaterialthat
hasfound manyusesin LEDXtechnologylt wasused
in numerousearlylow to mediumbrightnesd. EDs
producinga varietyof colours,whichdepended
uponthe additionof other dopants.PureGallium
phosphideproducesagreenlight. Whennitrogen
doped.,it emitsyellow-greenandwhenzZnQOdopedit
emitsred.

GalliumNitride GaN

Galliumphosphide GaP

I
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ChemicalSymbol

Material Details
[/ Formula

Cadmiursulphide cds Usedin solarcellsandphotoresistors.

Usedasthe mineralgalenal eadsulphidewas
. usedin the earlyradio detectorgalled¥/ I (i &
Leadsulphide PbS 2 KA a | Aodidicontactwascreatedwith the
tin wire onto the galenao rectify signals.

Diodes

Fig1.4.9: Differenttypesof Diode

Diodesare electroniccomponentsfunctioningasone-way valves Thisimpliesthat they allow current
to move in one direction. Thesediodesare producedwith the help of the semiconductormaterials
germanium,siliconand selenium Thefunction of diode can be classifiedin two ways,if it allowsthe
currentthen, it isforward-biased,otherwiseit isreversebiased

Someof the diodesarelistedbelow.

Small SignalDiode An instrument with out-of-proportion features, the usesof a small signaldiode
are mostly involvedwith extremelylow-current deviceslike radios and televisions,etc., and at high
frequencieslt isenvelopedwith a glassn orderto preventcontamination Hence,it isalsocalledGlass
Passivate®iode whichisextensivelyjusedas1N4148

Ascomparedto the power diode, the appearancef signaldiodeis very small Toindicatethe cathode
terminal, one of the edgesis markedwith blackor red colour. For highfrequencyapplications,the
performanceof the smallsignaldiodeis veryeffective

o
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Figl.4.10:Smallsignaldiode

LargeSignalDiode The PNjunction layersin large signaldiodes make the conversionof ACto DC
voltagesunlimited. Thisraisesthe reverseblockingvoltageandthe currentforward capacity Suchlarge
signalsdisruptthe operationalpoints alsa Thisis the reasonwhy a large signaldiode is unsuitablefor
high-frequencyapplications

”e

Figl.4.11:Largesignaldiode

Largesignaldiodesare primarily usedin battery-chargingdeviceslike inverters In these diodes,the
forward resistanceis measuredin Ohmswhile the reverseblockingresistanceis measuredin mega
Ohms

ZenerDiode Thezenerdiodeis a passiveelementthat workson the basisof Zenerbreakdown Similar
to normal diodesin forward direction, this wasfirst producedby ClarenceZenerin 1934 Whenthe
appliedvoltagehits the breakdownvoltage,the zenerdiode allowscurrentin areversedirection. It is
designedto stop the other semiconductordevicesfrom momentaryvoltage pulses The zenerdiode
actsasvoltageregulator.

Figl.4.12:Zeneriode

o
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Light Emitting Diode (LED) In light emitting diode, electrical energyis convertedinto light energy
It goesthrough the electroluminescencegprocessin which electrons and holes are recombinedto
generateenergyin the form of light in forward-biascondition Lightemitting diodesare mostly usedin
applicationdike aviationlighting,traffic signalscameraflashesgtc.

0
i

Figl1.4.13:Lightemitting diode

Constant Current Diodes Commonly known as constantcurrent diode, currentlimiting diode or
currentregulatingdiode, the purposeof the diodeis controllingthe voltageat a givencurrent It works
asatwo-terminalcurrentlimiter.

Figl.4.14:Constanturrentdiode

SchottkyDiode Thejunctionin Schottkydiodeis createdby contactinga metal with the semiconductor
material Thusthe forward voltagedrop is reducedto minimum. Thesemiconductomaterialis N-type
siliconthat actsasan anodeandthe metal actsasa cathode Themetal may be platinum, chromium,

tungsten etc.
Thesediodes,due to the metal junction, enjoy high conductingcapabilityand thus the switchingtime

reduces Thisiswhy Schottkyis widely usedfor switchingapplications Dueto the metalsemiconductor
junction, the voltagedrop is low, whichin turn increaseshe diode performanceandreducespowerloss

Fig1.4.15:Schottkydiode
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ShockleyDiode Oneof the first semiconductordevices the shockleydiode hasfour layers It is also
known as PNPNdiode. It is equivalentto a thyristor without a gate terminal, which impliesthat the
gateterminalis disconnectedAsthere are no triggerinputs, the only way the diode canconductis by
providingforward voltage Thediode worksin two states,namely,conductingand non-conducting In
the nonconductingstate,the diode conductswith lessvoltage

Fig1.4.16:Shockleyliode

Step RecoveryDiodes It is also called chargestorageor snapoff diode. Theseare specialtypes of

diodesthat store the chargefrom positive pulseand usethis in the sinusoidal@ A 3 yieégétigefulse

Thecurrent LJdzt &s6 tn is equalto the snaptime. Thisphenomenonis responsiblefor the speed
recoverypulses Thesediodesare usedin higherorder multipliers and in pulseshapercircuits These
diodeshaveaveryhighcut-off frequency whichis nearlyof the Gigahertz order.

Figl.4.17:Steprecoverydiode

Asa multiplier, this diode hasthe cut-off frequencyrangingbetween 200 - 300 GHz Theefficiencyis
highfor lower-order multipliers

TunnelDiode It is usedashigh-speedswitch of the nano-secondorder. Dueto its tunneling effect, it
enjoysvery fast operationin microwavefrequencyregion It is a two-terminal devicecomprisingvery
high concentrationof dopants It is mainlyusedin microwaveoscillatorsand amplifiers It actssimilarto
mostnegativeconductancelevices Tunneldiodescanbe tunedin both electricallyandmechanically

Fig1.4.18:Tunneldiode

'
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VaractorDiode AlsocalledVaricapdiode,this actslike a variablecapacitor Thisperformsmainlyat the
reversebiasedstate. Thesediodesare very famousdue to their capabilityof changingthe rangesof
capacitancevithin the circuitin the presenceof a constantvoltageflow.

Fig1.4.19:Varactordiode

In a Varactordiode, by changingthe reversebiasvoltage,we candecreaseor increasethe depletion
layer or barrier potential. Thesediodes are commonly used as voltagecontrolled oscillator for cell
phonesfrequencymultipliers,satellitepre-filters, FM (FrequencyModulation)transmitters,etc.

LaserDiode Thisis similarto an LEDin whichactiveregionis formed by p-n junction. Electrically)aser
diodeisa p-i-n diodein whichthe activeregionisin the intrinsicregion Theseareimplementedin fiber
optic communicationslaserpointers,barcodereaders,CD(CompacDisc)/DVDODigital VersatileDisc)/
Blurayreadingandrecording laserprinting, etc.

Figl.4.20:Laserdiode

Typesof LaseDiode:

w DoubleHeterostructureLaserFreeelectronsandholesare simultaneoushavailablein the region.

w QuantumCascadéd.asersThese ardneterojunctionlasersthat enablelaseractionat relativelylong
wavelengths.

w DistributedBraggReflectorLasersThese cate VCSELWerticatCavitySurfaceEmittingLasers)
or edgeemitting lasers.

w Multi QuantumWell LasersLasersvith morethanonequantumwell are knownasmulti guantum
welllasers.

w SeparateConfinementHeterostructureLasersSeparateconfinementheterostructurelasersare
usedto compensatdor the thin-layerproblemin quantumlasers.

TransientVoltageSuppressiorDiode

Transientsoccurin semiconductordevicesdue to the suddenchangein the state voltage Theyare
capableof damaginghe deviceoutput responsevoltagesuppressiordiodesare usedto overcomethis
problem Thevoltagesuppressiork A 2 R@er@ténissimilarto Zenerdiodeoperation

— B/
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Similarto p-n diodes,the operation of these diodesis normal but at the time of transient voltage
the operation varies Theseare spontaneouslyery fast Usedin medicalfields, telecommunication,
microprocessorand signalprocessingthese diodesrespondto excessvoltagesfaster than varistors
andgasdischargedubes

/

b2 0

Figl.4.21: Transieni/oltageSuppressioDiode

Gold DopedDiodes Thesediodesusegold asa dopant Fasterthan other diodes,these diodesenjoy
verylessleakagecurrentin reversebiascondition Evenat a highervoltagedrop, the diodecanoperate
in signalfrequenciesinthesediodes,goldhelpsthe fasterrecombinatiorof minority carriers

o,

Fig1.4.22:Golddopeddiode

SuperBarrier Diodes It isarectifier diodewith low forward voltagedrop similarto the Schottkydiode
and with low reverseleakagecurrent and surgehandlingcapabilitylike the p-n junction diode. It was
fabricatedfor speedyswitching,high power, and low-lossapplications Superbarrier rectifiers come
with lower forward voltageascomparedo Schottkydiodes

Figl.4.23:Supeibarrierdiode

Peltier Diode In this diode, heatis generatedat the two material junction of a semiconductorwhich
flowsfrom oneterminalto another. Thisflow isin only asingledirection,whichis equalto the direction
of current flow. Primarilyusedin heatingand coolingapplications this type of diode is usedassensor
andheatenginefor thermo-electriccooling

I
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Figl.4.24:Peltierdiode

CrystalDiode:Alsoknownas/ | iviisker thisisatype of point-contactdiode.Its functiondependson
the pressureof contactbetweenthe point andthe semiconductocrystal.

Fig1.4.25:Crystaldiode

In this, a metal wire is pressedagainstthe semiconductorcrystal The semiconductorcrystalactsas
cathodeandthe metalwire actsasanode Thesediodesare obsoletein nature. Theyare mainlyusedin
microwavereceiversanddetectors

AvalancheDiode Thisis a passiveelementand worksunder the principle of avalanchebreakdown It
worksin reversebiascondition It resultsin largecurrentsdueto the ionizationproducedby p-n junction
during reversebias condition Thesediodesare speciallydesignedto undergobreakdownat specific
reversevoltagesto preventthe damage Theseare usedin RF(RadioFrequency)Noise Generation,
MicrowaveFrequencyGenerationand SinglePhoton AvalancheDetector.

Figl.4.26:Avalanchealiode

VacuumDiodes Vacuumdiodescomprisetwo electrodesthat actasanodeand cathode Thecathode
is madeup of tungsten,which emits electronsin the | Yy 2 RiBe@ti@n. Theelectronswill alwaysflow
from cathodeto anode Thusit actslike aswitch

I
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Figl.4.27:Vacuundiode

If the cathodeis plated with oxide material,its electronemissioncapabilityis high. Theanodeis longer
in sizeandin a few casegheir surfacesare roughto decreasehe chancef temperaturesdeveloping
in the diode. Thediodewill conductonlywhenthe anodeis positivew.r.t to the cathodeterminal.

PIN Diode The PINdiode is the improved versionof the normal P-N junction diode. In PIN diode,
dopingis not necessaryThe intrinsic material that hasno chargecarriersis inserted betweenthe P
and N regions Thisincreaseghe areaof depletionlayer. Applicationsof theseare RFswitches,photo
detectors,etc.

Fig1.4.28:Pindiode

Point ContactDevices A tungstenor gold wire is usedto act asa point contact for fabricatinga PN
junction regionby transmitting a high electriccurrent. A smallregionof PNjunctionis formed around
the wire edge,whichis connectedo the metalplate.

Inthe reversebiascondition,the wire actssimilarto aninsulator. Thediode actsasa capacitorsincethe

insulatoris betweenthe plates

Fig1.4.29:Pointcontactdiode

GunnDiode Gunndiodeis fabricatedonly with n- type semiconductomaterial In two N-type materials,
the depletion regionis very thin. Whenthe circuit voltageincreasesthe current alsoincreasesThe
current will exponentiallydecreaseafter reachinga certain voltage level Thus,Gunndiode exhibits
negativedifferentialresistance

N
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Gunndiode comprisestwo electrodeswith Indium Phosphideand GalliumArsenide Thisresultsin
negative differential resistance Gunn diode is also called transferred electron device It produces

microwaveRFsignals Hence,it is primarily usedin Microwave RFdevices It canalsobe usedasan
amplifier.

Fig1.4.30:Gunndiode

Typesof Transistors

BipolarJunctionTransistor(BJT)

Fig1.4.31:Bipolarjunctiontransistors

Theseare transistorsbuilt of three regions,namely,the base,the emitter, and the collector. Bipolar
Junctiontransistorsare currentcontrolled devices A small current entering the baseregion of the

transistor results in more current flow from the emitter to the collector region Bipolar junction
transistorsare of the belowtypes

w NPN(NegativePositive Negative} Wherethe majority of currentcarriersareelectrons
w PNRPositiveNegative Positive} Wherethe majority of currentcarriersare holes

|

D p-channel N - channel

FieldEffectTransistor

G D=0Drain

S=Source
G=Gate

Fig1.4.32:Fieldeffecttransistor

Thesecomprisethree regions,namely,a source,a gate,anda drain. Differentfrom bipolartransistors,
FETsre voltagecontrolled devices Field Effect Transistorsenjoy very high input impedance ranging
betweenseveramegaohms(MK) of resistanceo evenlargervalues Suchhighinput impedanceresults
in verylesscurrentrunningthrough FETSFETslraw verylittle currentfrom a power source FieldEffect
Transistorganbe classifiednto two maintypes




ParticipantHandbook

w JFETJunctiorFieldEffectTransistor)
w MOSFEMetal OxideSemiconductoFieldEffectTransistor)

MOSFETand JFETare verysimilarbut MOSFETsaveeven higheinput impedancevaluesascompared
to JFETSs.

HeterojunctionBipolarTransistor(HBT)

Heterojunction bipolar transistors (HBTs)are implemented for both digital and analog microwave
applicationswith frequenciesas high as the Ku band HBTscan supply quicker switchingspeedsas
comparedto silicon bipolar transistorsmostly becauseof reduced baseresistanceand collectorto-
substratecapacitance HBTsare used in both high-reliability and profitable applications,like power
amplifiersin laserdriversandmobiletelephones

(o] Cc

B B
E E
NPN PNP

Fig1.4.33:Darlingtontransistor

Darlington Transistor

A Darlington transistor, commonly known as a Darlington Pair, is a transistor circuit built of two
transistors Inventedby SidneyDarlington,it enjoysmuchhighercurrentgainingability. Thecircuit can
be insidean ICor madefrom two discretetransistors

Schottky Transistor

Schottky
Diode

Fig1.4.34:Schottkytransistor

It isacombinationof a Schottkydiodeandatransistor.TheSchottkydiodehindersthe transistorfrom
saturatingby bypassindhe extremeinput current. It isalsocalleda Schottkyclampedtransistor.
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Multiple-Emitter Transistor

Fig1.4.35:Multiple emitter transistor

A multiple-emitter transistoris a specializedipolartransistorfrequently usedasthe inputs of transistor
logic (TTL)TransistoiTransistorLogic)NAND(NOTAND)logic gates Input signalsare appliedto the

emitters.

DualGateMOSFET

Thedual gate MOSFETS very popularin severalRFapplications Usedin many RFapplicationswhere
two control gatesare required in series,the dual gate MOSFETan be usedin applicationslike RF

amplifiers,RFmixers/multipliers, amplifierswith gaincontrol, etc.

Figl.4.36:Dualgate MOSFET

JunctionFETTransistor

Instead of PN junctiions, the Junction Field Effect Transistor (JUGFETJunction Gate Field Effect
Transistor)or JFEThasa narrow high resistivity semiconductomrmaterial creatinga P-type or N-type
siliconchannelfor the majority of the carriersto flow through two ohmic electrical connectionsat
either end. Theseare calledthe sourceandthe drain. The N-channelJFETandthe P-channelJFETre
the two basicconfigurationof junctionfield effecttransistor.

D

JFET Channel
G Construction

Source

N-channel JFET P-channel JFET

Fig1.4.37:JunctionFETransistor

e —
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AvalancheTransistor

Thisis a bipolar junction transistor fabricatedfor processingn the region of its collectorto-emitter
voltage/collectorcurrent characteristicdbeyondthe collectorto-emitter breakdownvoltage,known as
the avalanchésreakdownregion Thisregionis describedby the avalanchebreakdown,a phenomenon
similarto the negativedifferential resistance Operationsn the avalanchébreakdownregionare called
avalanchemode operation, during which avalancheransistorsare empoweredwith the capabilityto
switchveryhighcurrentswith lessthan a nanosecondiseandfall times(transitiontimes)

+ee

Fig1.4.38: Avalanchdransistor

Diffusion Transistor

p-substrate

Triple-diffused ransistor  cross-sectional view

Fig1.4.39:Diffusiontransistor

Thisis a bipolar junction transistor (BJT)which is fabricated by meansof diffusing dopantsonto a
semiconductorsubstrate Diffusionis implemented later than the alloy junction and grown junction
processes

Testingtransistorsusingmultimeter

Fig1.4.40:Multimeter

Thethingsyourequireareverysimple.

I
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Stepl First,youneedamultimeterandsecondlythe transistorsyou wantto test.

Step2 Now comesthe part of testingthe transistors

TheNPN(Negative Positive Negative transistorhasthe collectorand emitter asnegativeandthe base
aspositive,whichisjust oppositein PNP(Positive Negative Positive Xransistors

Step3 Themultimetermustbe setat the transistortestingmode.

Theleadsof the multimeter must be connectedto the transistorleads The negativelead must be
connectedto the negativeterminal while the positivelead mustbe connectedto the positiveterminal.
Themultimeter showsareading

Step4 The negatve leadmust now be connected to the other negative terminal. The multimeter shows
areading

It mustbe notedthat the readingsin both casesare almostequal

Step5 Howto detectabadtransistor

Theleadsmust be connectedto both the negativeterminals If the multimeter reads1, the transistor
is okay:. If this is not the case,the multimeter producesa buzzingsoundandreads000, thus indicating
that the transistorisbadandnot recommendedor use

Step6 PNPTRANSISTORS

Theleadsmustnow be connectedto the oppositeterminals ThePNPtransistorwill showa readingonly
whenthe positiveleadis connectedn the middleandthe negativeleadat the sides

Thusthe abovetestscanbe usedfor comparingNPNandPNPtransistors

Transistorconfiguration
Thethree typesof transistorconfigurationsare:

A. Commorbasetransistorconfiguration
B. Commorcollectortransistorconfiguration
C. Common emittetransistorconfiguration

CommonBaseTransistorConfiguration(CB)

Thistransistorconfigurationproducesa low input while givinghighoutput impedance Thecurrentgain
and overallpower gainis low when the voltageof the CBtransistoris high, ascomparedto the other
configurations Themain characteristiof the Btransistoristhat the (i NJ- Y & ipét &r@l duIpudt arein
phase Inthe givencircuit,the baseterminalis mutualto both input andoutput circuits

T’\’ = ’\/T

NPN

< P AP

PNP

Figl.4.41:Commorbasetransistor
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The collector current (output current) to emitter current (input current) relationshipis denoted by
alpha,whichis calculatedoy:

h Ok LOOKEKLY

If the input current (IE)in acommonbasecurrentchangegrom 2mAto 4mAandthe output current (IC)
changedrom 2mAto 3.8 mA,the gainof the currentwill be 0.90.

Al 18x1073
m- =

=0.90
Alg  2x107°

TheCBcurrentgainis <1 whenthe emitter currentflows into the baseterminaland doesnot function
as collector current. Thiscurrent is alwayslessthan the causalemitter current. The common base
configurationgainis always< 1. Thegivenformulais usedto calculatethe current gainof the CE6 h 0
whenthe CBvalueisgiveni.e. 0 1. 0

CommonCollectorTransistorConfiguration(CC)

iIP T _- L
NPN
s
iIP T N
PNP

Fig1.4.42:Commorcollecttransistor

Alsocalledthe emitter follower, the emitter voltageof this transistorfollows the baseterminal of the
transistor. Offeringhigh input and low output impedancesit is usedasa buffer. Thetransistorhasa
voltagegainof 1, the currentgainis highandthe output signalsare in phase Thecollectorterminalis
mutuallysharedby both input and output circuits

TheCQO A NJauizéniig@idisindicatedas' andiscalculatedusingthe belowformula

Alg
Alg

Thisgainisrelatedto the CBcurrentgainbetad | ahdthe CCcircuitgainis calculatedwhenthe b value

y=8+1

When the transistoris connectedin any one of the CE,CBand CCconfigurations,there existsa
relationshipbetweenbeta,alpha,andgamma.

— B/

T-
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el iy
® g+1 b e ! iRl

Forexamplejf the currentgainof the commonbasevalued his.90,the betavalueis:

@ _ 090 _ 090 _

P =" 0 0l

Thus achange inthe basecurrent of thistransigor will impart achange in collecor current. Thischange
in collector current will be nine times bigger. In order to use the same transigor in QCconfiguration, we
needto calawlate gammaby the followingequation.

y=8+1=9+1=10

CommonEmitter TransistorConfiguration(CE)

Oneof the mostwidely usedconfigurationsthe circuit of CEtransistorconfigurationprovidesmoderate
input and output impedanceevels Thevoltageand currentgainscanbe definedasa medium,but the

output isoppositeto the input, thusindicatinga 1800changein phase Thisimprovesperformanceand
is frequently thought of asthe most commonlyusedconfiguration Thebelow diagramdepictsthe CE
transistorconfiguration In this type of circuit, the emitter terminal is mutually sharedby both input and

output.

olp ‘f
- N

NPN 3
olp
ilPt N il \/\

PNP

Figl.4.43:Commoremitter transistor

The commonemitter (CE)O A NJxdekri qaiais denoted by beta 6 i. IDis the relationshipbetween
the baseandcollectorcurrents Thebelowformulais usedto calculatebeta o i. Deltadenotesa minor
difference

-

ﬁﬂa

Letusconsideranexamplelf the input current(IB)in aCEchangedrom 50mAto75 mAandthe output
current(IC)variesfrom 2.5mAto 3.6mA the currentgain(b) becomesi4.

o
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44

gl 1x107
Ay 25x107

Fromthe above,it canbe interpretedthat achangen basecurrentresultsin amodificationin collector
current,whichis44timeslarger.

BasicConversiorof Transistor

Typeof Conversiol Description

Themostcommonamplifierconfiguration
for an NPNtransistoristhat of the
CommorEmitter Amplifiercircuit.

Transistoras
amplifier

Vin

TheinputandBaseare grounded( Ov)
BaseEmittervoltageVBE<0.7v
BaseEmitterjunction is reverséiased

BaseCollectorjunctionisreverse
biased

Transistoisa T ezt Ct G&utoff region
)

No Collectorcurrentflows (1C=0)

VOUT=VCEVCGE ™

w Transisgopperatesasand 2Ly
agAiuOKe

w TheinputandBaseareconnectedo
VCC

w BaseEmittervoltageVBE>0.7v

w BaseEmitterjunctionis forward
biased

w BaseCollectorjunctionis forward
Ry biased

Var | @ Transistoisd T dat bt€saturation
i) region)
ov | w MaxCollectorcurrentflows(1C=Vcc/
RL)
w VCE=0 (idealsaturation)
VOUT=VCEE£ n

w Transistooperatesasad Of 2 & SR
a6A00KE

— B/

Vce Vce

€ e ¢ ¢

Transistoms
switch: Cutoff
Characteristics

(S

€ €

Transistols
switch: Saturation
Characteristics

(S
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— 1.4.2 BasicLogicGates

Consideredhe buildingblockof a digital circuit, alogicgate comprisegwo inputsandanoutput, which
arerelatedwith the helpof certainlogic

Logicgatesare put to usewith the help of electronicswitcheslike diodesand transistors Nowadays,
CMOSechnology, MOSFEMetal OxideSemiconductoiFET)sand FETSire usedto build basiclogic
gates

Logicgatesare usedin microprocessorsmicrocontrollers,and embeddedsystemapplicationsand in
electronicandelectricalprojectcircuits

Thebasiclogicgatesare categorizednto seven AND,OR XORNANDNORXNORaNdNOT Thesdogic
gateswith their logicgatesymbolsandtruth tablesare explainedoelow.

Inputs Output

Logic operation

Figl.4.42:Symbobf alogicgate

ANDGate

The ANDgate, a digital logic gate, comeswith W yhdinber of inputs and only one output. The output
performslogicalconjunctionon the basisof the input combination The output of this gate becomes
true only when all the inputs are true. The output of the ANDgate becomesfalse only when one or
moreinputsare false

Inputs Output

Logic operation

Figl.4.43:SymbobndTruth Tableof the ANDgate

ORGate

Comprising? yidiberof inputsandoneoutput, the ORgateoutput becomedrue onlywhenoneor
moreinputsaretrue. Theoutput isfalseonlywhenallinputsof the gatearefalse.

Inputs Output

A 8 o

A 0 0 0

Inputs O output 0 1 1
B O =A+B L 1

1 1 1

Symbol Truth table

Figl.4.44:Symbohlnd TruthTableof the ORgate

o
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NOTGate

The NOTgate comprisesone input and one output and operatesan inverter operation of the input.
Theoutput of the NOTgate is the reverseof the input. Whenthe input of the NOTgate s true then
the output will be false and vice versa With the help of this gate, the NORand NANDgatescan be

constructed
Inputs |_Output
A (o]
o 1
Input A O output 1 0
O= K
Symbol Truth table
Figl.4.45:SymbolndTruthTableof the NOTgate
NANDGate

Comprising¥ yinuts and only one output, the NANDgate executesthe ANDgate operation,whichis
followed by the NOTgate operation TheNANDgateis fabricatedby combiningthe NOTand ANDgates
Theoutput will be low if the input is high

Inputs Output

B o

Inputs O output o | 1 1
B — — 1 0 1

O0=AB 1 1 0

Ssymbol Truth table
Figl.4.46:SymbohlndTruthTableof the NANDgate

NORGate

Comprising¥ yhQ@uts and one output, the NORgate executeshe ORgate operation,whichis followed
by the NOTgate It is fabricatedby combiningthe NOTand ORgates Theoutput is falsewhenanyone
of the inputsistrue.

Inputs Output
A B P
0 0 1
Inputs D— Ooutout | o |3 | o
1 0 0
O= A+B 1 1 0
Truth table

Fig1.4.47:SymbokndTruth Tableof the NORgate
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ExclusiveOR Gate

Comprisingwo inputsandone output, the shortform of this gateis ExXOR It functionson the basisof
ORgateoperation Theoutputis highif anyone of the inputsis high

Inputs Output
A B 0o
A o ) 0
Inputs O output 0 1 1
B O=A®B 1o -
1 1

Symbol Truth table

Figl.4.48:SymbokndTruth Tableof the exclusivelyDRgate

ExclusiveNORGate

Comprisingwo inputsandone output, the shortform of this gateis EXNOR It operateson the basisof
the NORgate operation Theoutput of the gateis highwhenboth the inputs are high However,if any
oneof the inputsis high (but not both), the output will be low.

inputs | Output |
A B o
A 0 0 1
Inputs O output 0 1 0
B O=A®B 1 0 0
1 1 1
symbol Truth table

Fig1.4.49:SymbokndTruthTableof the exclusivelNORgate

~ 1.4.3 RFTransmitterand Receiver

RFTransceiver

A mixture of a receiverand a transmitter in a singlepackagethe RFtrans receiveris widely usedin

wirelesscommunicationfor applicationdike handheldand mobile two-way radios,cellulartelephones,
andcordlesgelephonesets It isalsousedin transmitter or receiverdevicesin opticalfiber systemsor

cables

Fig1.4.50:RFTransreceivermodule

In aradiotransceiver the receiveris quietenedwhile transmitting An electronicswitchauthorisesthe
transmitter and receiverto be associatedvith the sameantennaand preventsthe transmitter output
from damagingthe receiver Thus,it is difficult to receivesignalswhile transmitting and this mode is
namedashalf duplex

A few types of transceiversare designedto allow signalreceptionvia transmissionperiods Thisfull
duplexmode needsthe transmitter (T X)andreceiver(RX}o work on different frequenciessothe signal
transmitted R 2 S Zinfefiaiie with reception Communicationdevicessets use this mode. Satellite
communicationnetworks frequently employ full-duplex transceiversat the surfacebasedsubscriber
points. The transceiverto-satellite (transmitted) signal is called the uplink, while the satelliteto-
transceiver(received)signalis calledthe downlink

— B/
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BlockDiagramof RFTransceivers

Thesizeof the RFmodulesis quite small RFmodulesoperatewith the help of voltagerangingfrom 3V
to 12V.

GenerallysuchRFmodulesare 433MHzRFT Xand RXmodules Thetransmitter (T X)drawszeropower
while transferringlogic zerowhile fully destroyingthe carrierfrequencythus consumeconsiderabldow
powerin battery operation Whenlogicl is sentcarrieris fully on to about4.5mAwith a 3V power supply.
Theinformationis sentseriallyfrom the transmitter (TX)whichis receivedby the receiver Transmitter
(TX)andthe receiver(RX)are duly interfacedto two Microcontrollersfor transferringthe data

> MODULATOR UP CONVERTER PA "
MUX-DEMUX TOWARDS
VOICE/ DATA/VIDEO ANTENNA
- -« -« -
DEMODULATOR DOWN CONVERTER LNA
BASE BAND MODEM RF TRANSCEIVER

Fig1.4.51:BlockDiagramof RFTransceivers

RFmodulescanbe usedfor different variants,sizesand shapesof electroniccircuit boards It canalso
be usedfor modulesacrossa wide variety of usesand capacity Thesemodulesgenerallyincludea PCB
(Printed CircuitBoard),RXor TXcircuit, serialinterface and antennafor communicationto the main
processor

RFmodulesprimarily compriseRFransmitter module, RFreceivermodule, RFtransceivermoduleand
SOQSystemOna Chip)module Threetypesof signalmodulationtechniquesare popularlyusedin RF
transmitter and RFreceivermodules Theseare ASKamplitudeshift keying,FSKrequencyshift keying,
and OOKOnOff Keying

The RFtransceivermodule comprisesboth a transmitter and a receiver The RFtransceivermodule
circuitisdesignedor half-duplexoperationandgenerallyat a highercostdueto the highercomplication

RFTransmitter

AnRFRransmitter moduleis a smaltsizePCBusedto transfera radio waveand a modulatingradio wave
to transportdata. RFtransmitter modulesare generallyappliedalongwith a microcontroller,whichwill

offer data to the module under transmission Thesetransmitters are generallysubjectto controlling
requirementsthat direct the maximumacceptableransmitter power output, harmonicsrequirements,
andbandedge

RFReceiver

An RFreceivermodule acceptsthe modulated RFsignaland demodulatesit. Two kindsof RFreceiver
modulesexist,namelythe superheterodynereceiversandthe superregenerativereceivers Generally,
superregenerativemodulesare low-power and low-cost designsdeployinga seriesof amplifiersfor

getting rid of modulated data from a carrier wave Thesemoduleschange,usuallyinaccuratesince
their operation of frequencyvary significantlywith power supplyvoltageand temperature Themain
advantageof the superheterodynereceivermodulesis high performanceas comparedto the super

regenerativevariant Theyoffer improvedaccuracyand stability over a vastrangeof temperatureand
voltage Thisstability is derivedfrom a stable crystaldesign,whichin turn, leadsto a relatively more
expensiveproduct
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RF
Transmitter

RF Receiver

Figl.4.52:RFTransmitterandReceiver

RFtransceivermoduleis usedin a givendevicewhere both the transmitter and receiverremainin a
singlemodule Thesedevicestransmit and receiveRFsignaland are calledRFTransceiversGenerally,
the position of RFtransceivermodule is between the Poweramplifier/Low Noise Amplifier and the
BasebandVIODEM(Modular Demodulator)in common wirelesscommunicationsystems Baseband
Modem compriseschip sets of severalanalogueor digital modulation techniquesand analogueto
digitalconversioror digitalto analogueconversiorchips

Applicationsof RFTransceiver

A RFtransceivermoduleis usedin radio transmissionsatellite communication for televisionsignal
transmission,reception and in Wimax or WLAN (WirelessLocal Area Network), Zigbeeor ITE
(InformationTechnolog¥Equipmentnetworks

A Usedwidelyin wirelesscommunicationthe transceivelis primarily usedto convertdatain the form
of data/ voice/ videosuitableto be transmittedoverwirelessmedia

A RRransceiverchangesFfrequencyto RFrequencyandviceversa

Radicfrequency engineeringis a subsetof electrical engineeringthat dealswith devicesthat are
designedo operatein the radiofrequency(RF)spectrum Therangeof operationfor thesedevicess 3
kHz(Kilohertz)o 300 GHzGigahertz)

Radicefrequencyengineeringis assimilatedinto almost everythingthat transmitsor receivesa radio
wave,which includes,but is not limited to, radios,mobile phones,Wi-Fi (WirelessFidelity),and two-
wayradios

Radicefrequencyengineeringsahighlyspecializedield fallingtypicallyin oneof the belowarenas

1. Gettingor producingsignaldo or from that transmissiorsystento other communicatiorcircuitries
or controls.
2. Controllingor enhancingcoveragewith the helpof antenna/transmissiosystems

3. Performingestsfor monitoringthe performanceof anelectronicdesign
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GSM MOBILE PHONE

Channel
measurement 70ther
bits users
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Fig1.4.53:Usageof Transmitterand Receivein GSMtelephony

- 1.4.4 Amplifier, Multiplexer and Couplers

Amplifiers

Anamplifieris an electronicdevicethat enhanceghe voltage current, or power of a signal Amplifiers
are usedin wirelesscommunicationsand broadcastingand in all typesof audio equipment Theyare
classifiedaseither weaksignalamplifiersor poweramplifiers

Typesof amplifiers

1 Weaksignalamplifiers are usedmainly in wirelessreceivers Theyare alsousedin acoustic
pickups,audio tape players,and compactdiscplayers A weaksignalamplifier is designedto
dealwith exceedinglysmallinput signalsjn somecasesneasuringonly a few nanovolts(units
of 10° volt). Themosteffectivedevicefor this applicationis the field-effect transistor.

1 Power amplifiers are usedin wirelesstransmitters, broadcasttransmitters, and hi-fi audio
equipment Themost frequently useddevicefor power amplificationis the bipolar transistor.
However vacuumtubes,once consideredobsolete,are becomingincreasinglypopulardue to
its superiorfidelity.

Two important considerationdgn power amplificationare power output and efficiency Power
outputismeasuredn watts or kilowatts. Efficiencyisthe ratio of signalpoweroutput to total
powerinput (wattagedemandedof the powersupplyor battery). Thisvalueis alwayslessthan
1. It istypicallyexpressedisa percentage In audioapplications power amplifiersare 30to 50
percentefficient In wirelesscommunication@ndbroadcastindgransmitters,efficiencyranges
from about 50 to 70 percent Distortionis also an important factor, in hi-fi audio power
amplifiersasit measuregshe extentto whichoutput waveformis constantimitation of the

input waveform
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Multiplexer

A multiplexer(MUX)is a network devicethat allowsone or more analogor digital input signalsto
travel togetheroverthe samecommunicationgransmissiorink. Thepurposeof multiplexingis to
combine and transmit signalsover a single sharedmedium in order to optimize efficiencyand
decreasethe total cost of communication Multiplexing technigueshave becomeuseful network
optimization tools during the age of the Internet of Things,edge computingand 5G. Today,the
following communicationapplicationswould be prohibitively expensivewithout multiplexing
telecom,satellitestelemetryandbroadcasting

How multiplexing works

Frequencydivisionmultiplexing,time divisionmultiplexingand wavelengthdivisionmultiplexingare
the types of multiplexing most closely associated with telecom For analog signals in

telecommunicationsnd signalprocessinga time divisionmultiplexermay selectmultiple samplesof

separateanalogsignalsand combinethem into one pulse amplitude modulated (PAM)wide-band
analogsignal Fordigital signalsin telecommunication®n a computernetwork or with digital video,
severalvariablebit-rate data streamsof input signals(usingpacketmode communication)may be
combinedor multiplexed,into one constantbandwidthsignal Amultiplexerrequiresa demultiplexer
to completethe processto separatemultiplexsignalscarriedby the singlesharedmediumor device

Often a multiplexer and a demultiplexerare combinedinto a singledevice(alsooften just calleda
multiplexer)in orderto allowthe deviceto processhoth incomingandoutgoingsignals

Couplers

RFcouplersare passivedevicesthat samplea small amount of signalfrom an RFchain Many RF
componentshavean input port where the signalgoesin, and an output port where the signalcomes
out. Couplershavean additional "coupled” port which tapsthe main signalat a smallfraction of the

power of the thru line. Theratio in dBof the signalpower at the input port to the output power at the

coupledport is the CouplingRatioor CouplingCoefficient The couplingratio is a known parameter
specified by the device manufacturer and can be selected according to the user's system
requirements Different types of couplersinclude directional couplers, bi-directional couplers,and
dual directional couplers Directionalcouplerssamplesignalfrom the main line in forward direction;

bi-directional couplershavetwo coupledports to samplesignalfrom the forward or reflected signal
paths as needed and dual directional couplers allow simultaneoussamplingof both thru- and
reflected signalpower. Couplersare widely usedin RFsystemsfor a variety of functions including
power monitoring, antenna reflection monitoring, automated gain control, and electrical test and
measurementmongmanyothers.
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UNIT1.5: Fundamentalof PCB

_ Unit Objectives|@

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

1. Evaluatehe fundamentalsof PCB
2. Analyzethe troubleshootingfor PCB

- 1.5.1 PCBBasics
DefiningPCB

w APCBrovidesamechanicasupportandconnectslectricallyelectroniccomponents

w Makinguseof conductivetrackspadsandother featuresthat consistsof oneor more laminated
copperof asubstrate thais non-conductive

w Componentare usuallysolderedonto the PCHor obtainingmechanicafasteningandelectrical
connection

w PrintedCircuitBoardg PCBare usedin the simplestof electronicproductsandalsosimpleelectric

productslike passiveswitchboards

PCBsanbe single,doubleor multisided

Singlesidedisone copperlayer;doublesidedistwo copperlayerson both sidesof asubstratelayer;

multi sidedlayerouter aandinner sideof copperlayerswith alternatinglayersof substrate

€ €

Electroniccomponentsor parts are basicallypackagedn a distinct mannerwith two or more than two
connectingeadsor metallicpads It is usuallydone by attachingit to the PrintedCircuitBoard(PCB¥o0
that anelectroniccircuitis createdwith a specificfunction. Someof the important electricalcomponent
wouldinclude resistor,capacitortransistor,diodeandothers
Typesof electroniccomponents
Thereare basicallytwo typesof electroniccomponents:

A ActiveComponents

A Passiv&€omponents
Componentsandtheir Functions

Thefunctionsof the componentsare listedbelow:

Components Functions

Resistors Electricacomponentghat resistcurrent

Capacitors Componentsisedto storeelectricalchargein electricalfields

Terminalsand Connectors Componentshat are usedto makeelectricalconnection

Switches Componentsghat are usedto conductor not to conduct(when
switchedoff) the electricity

o
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Magneticor Inductive
Components

Electricacomponentghoseusemagnetismin their field

NetworkComponents

Componentsghat useone or morethanonetype of passive
component

Piezoelectridevices,
crystalsyesonators

Componentshoseare passiveusingpiezoelectrieffect

Semiconductors

Controlcomponentghat are electric,with partsthat are not
moving

Adevicethat isasemiconductorywhichhasthe capacityof
amplification

Transistors Theseare componentghat are capableof conductinghe
electricityin a specificor a singledirection
Diodes It is not a singlecomponentbut rather a whole system whichis

amicro-electroniccomputerelectroniccircuitthat canbe placed
alongwith a chipor a semiconductor

IntegratedCircuitsor ICs

Anintegratedcircuit or monolithiccircuitis alsocalledasan IC,
achipandamicrochip It isatotal setof integratedcircuiton a
smallpiecethat isflat, that is a semiconductomaterialwhichis
silicon

Imagesof the ElectricalComponents:

Components Images

Resistors

Capacitors

TerminalsandConnectors

Switches
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Components Images

Magneticor inductive
components

Networkcomponents

Networking Devices

Piezoelectricomponentsrystal
resonators

Semiconductors

Transistors

Diodes

IntegratedcircuitsorL / Qa
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Listthe wires, cablesand modules there are basicallyfive typesof wires:

Wires Description Images

w Thesewiresarebasicallyusedas
the serviceof singlephase,and
drop conductorstheseform a
connectionbetweenthe power
poleandweatherheads

w Theircompositionis mainlyof two —
Triplexwires insulatedwireswhichiswrapped | [T i——
with athird wire that isbareand
neutral

w Theneutralwire isbasicallyof a
smallergaugethat is grounded
at both the transformerandthe
electricmeter

w Thesearebasicallywiresthat
connectservice weather heatb
the house

w Itismadeor composednainly
Main FeedeWires of strandedor solidTHHN
(ThermoplastitHighHeatresistant
Nyloncoated)wire andthe
capacityof the cableis 25%more
thanwhat isrequired

w Thesewires are generally black
insulatedwiresthat isagainTHHN

w Theseare mainlyusedto power
up the mainjunction boxto the
circuitbreakerpanels

w Thesewiresshouldalsohavethe

capacityof 25%morethanwhatis
required

PanelFeedwires

w Non metallicsheathedwire is
alsocalledromexwire

w Mostly used in homes, that has
2-3 conductors, that comeswith
aplasticinsuation and a ground
barewire

w Thisiscoveredwith anotherlayer
on sheathingwhich isnon-metallic

w Itisrelativelycheaperas
comparedo othersandis
availablein 15and20ampsit is
usedin in-housewiring

Non-Metallic
SheathedWVires

N
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Wires Description Images

Singlestrandwires w ThesewiresalsouseTHHNuwire,
andthere canbeorthereisother
variant

w Eachwire isseparatedandcanbe
easilydrawnthrougha pipe

w Mostpopularthat usepipesto
containthe wires

Single

TTHN
T- Thermoplastiénsulation
HH HighHeatresistance

N- syntheticpolymer,whichisflame
resistant

Componentsof ElectricalCablec the electricalcableor power cableare usedto transfer electrical
power.Thecablesform a basisof communicatiorbetweenthe electricalgadgetsandall other devices
that workson electricity.All the electricalcableddiffer in performance sizeand configuration.

w Theelectricalcablescomewith two wiresthat are conductingand a jacketthat forms an outer
protection

w Theconductingwiresvaryfrom highvoltageto mediumvoltagecarryingcapacitythat mightbe
sheathedwith a protectivejacketandaninsulatingsheath

w Theseareusuallymadeof copper,while the syntheticpolymermakethe outer jacketandprotective
insulatingsheath

Thereare basicallyfour typesof cables:

Typesof cables Description Images

w Ashieldedwire cableit consists
of morethanoneinsulatedwire

w Thatarecollectivelyenclosed
with the wovenbraidshielding
analuminiumMylar foil

w Thisshieldingpreventsexternal
radio and interferenceof power
frequencyfor passageof single | Single
transmissiorsmoothly

ShieldedCable ® Commonly shieldedablesare
highvoltagepowercables

w Twistedpair cableconsistof
insulatedcopperwiresthat are Multi
codedwith colour

w Twistedaroundeachother

Thediameterof eachranges
from0.4to 0.8mm,the number
of pairsvaryaccordingly

(>

N
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Typesof cables Description Images

w Themore the amount
of numberof pairsthe
resistanceof the cableis
higher

w Twistedpaircablesare
easilyinstalled flexibleand
inexpensive

w Thiscablehasacopper

TwistedPairCable platedcore, that is

surroundedby adi- electric

insulator

w Thesecablesvaryin size,
performancecostand
flexibility

w Hardlink, leakycableare
typesof coaxialcable

w Alsocalledmulti- wire
plannerelectricalcableor
flat wire cableslt consists
of multiple insulatedwire
runningparallelto each
other

w Itisusedfor multiple signals
of datatransmission

w Commonlysedto connect
network serviceslt
connectghe motherboard Coppermesh Copperire
to the CPUCentral
Processingynit)

w Mostcommonlyusedto
interconnectetwork
devices

COAXIAL CABLE

Outside insulation Insulation
)

CoaxiaCable

Ribboncable

A printed circuit board (PCBhelpsin connectingelectronicor electricalcomponentswith the help of
conductivepads,tracks,and other structuresetchedfrom one or more coppersheetlayerslaminated
onto andbetweennon-conductivesubstratesheetlayers

I
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— 1.5.2 Multi layeredPCRB; important concepts

Fig1.5.1: SamplePCReircuitboard

It electricallysupportsand electricallyconnectselectroniccomponentsor electricalcomponentsusing
conductivetracks,padsand other features Printedcircuit boards(PCBsare implementedin almostall
electronicitems. PCBsre alsousedin someelectricalproducts,saypassiveswitch boxes PCBxome
in the followingvariants

A doublesidedwheretwo copperlayersareon both sidesof one substratelayer)
A singlesidedwith onecopperlayer

A multi-layer,whereouter andinner layersof copperare placed,in alternatingfashion,with layersof
substrate

Howto assemblePCBsndrequired materials

A RoHSompliant PCB TheRoHSRestrictionof HazardousSubstancesis a legislaturethat restricts
the use of hazardoussubstances PCBssold must be RoHScompliant, which imples that all
manufacturingprocessesnust not involve the use of hazardoustems like lead, the solderused
mustbe free of lead,andall elementsmountedon the PCBnustbe free of mercury,lead,cadmium,
andother heavymetals

A Laminates Laminatesare manufactured by curing under specific temperature and pressure
conditions Clothor paperlayerswith thermosetresinare usedto fabricateanuniform, integrated,
andfinal piece Thesizecanvaryupto 4 by 8 feet (1.2 by 2.4 m)in breadthandlength Variouscloth
thicknessweaveqthreadsperinchor cm),andresinpercentageare usedto accomplistthe desired
dielectricfeaturesandfinal thickness

A SubstrateParameters Thecompositescontaina matrix (usuallyan epoxyresin)anda reinforcement
(usuallya woven,sometimesnonwoven,glassfibres, sometimesevenpaper),andin somecasesa
filler is addedto the resin(e.g. ceramicstitan ate ceramicscanbe usedto increasethe dielectric
constant)

AssemblingProcess
ModernPCBsaredesignedvith dedicatedayoutsoftware,generallyin the followingsteps

I
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A Anelectronicdesignautomation(EDA}ool isusedfor schematicapture.

A Cardtemplateanddimensionsare decidedbasedon the essentiatircuitryandPCRase.

A Theheatsinkandcomponentpositionsare determined.

A PCBlayer stacksare determined, with one to severallayers dependingon the complexity The

A
A

power and groundplanesare decided A power planeis equivalentto a groundplaneand behaves
like an ACsignalgroundwhile supplyingDCpower to the PCBcircuits Signalinterconnectionsare
drawn on signalplanes Signalplanescanbe on the inner aswell asouter layers Highfrequency
signalsare transmittedto internal layersbetweengroundor power planesfor ensuringoptimal EMI
(Electromagnetitnterference)performance

Figl.5.2:Layerstackona PCB

Lineimpedanceis calculatedwith the help of dielectriclayer thickness trace width, and routing
copperthickness Traceseparationis consideredn caseof differential signals Micro-strip, strapline
or dualstraplineare usedfor routing signals

Componentsre placedandfactorslike geometryandthermal considerationsre consideredLands
andviasare marked

Signaltracesare routed while electronicdesignautomationtools help in creatingclearancesand
connectingpowerandgroundplanesautomatically

Gerberfilesaregeneratedior manufacturing

Recordingaults and passinghe the faulty boardsto the PCBassemblyteam
AThe complicationsinvolvedin the PCBmanufacturingand designingprocessedead to innumerabl

opportunities for PCBfailure issues A few failures are results of designoversightslike inadequat
clearance®r inaccuratemeasurementsTheother issuesnay result from problemsin the manufacturin
procesdike drilling errors,whichcanbe equallydangerous

QW
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Somecommonfaults are:

PlatingVoids

w Theseholespermit electricityto be carriedfrom one
sideof the circuitboardto the other.

w Acopperlayeris addedto the surfacematerialand
alongthe walls of these holesvia an electroplating
process

w Whileeffective,the depositionprocesdsimperfect,
andcanresultin platingvoidsundercertain
circumstances.

w Platingvoidsare holesor gapsin the circuitboard
plating,andare usuallythe resultof problemsduring
the depositionprocess.

Insufficient Copperto-EdgeClearance:

w Thecopperis coveredwith other materialsfor
preventingcorrosion angorotectingthe copperfrom
interactingwith its environment.

w WhiletrimmingaPCBIf the copperisveryclose
to the edge,selectedpartsof this coatingcanbe
trimmed,thusexposinghe copperlayerunderneath.

w Theexposedcopperplanesoften makecontactwith
eachother by simultaneouslytouchinga conductive
material,thuscausinga short

Slivers:

w Sliversare narrowcopperwedgesor soldermasks
fabricatedduringPCBnanufacturingandcanleadto
seriousproblemsduringcircuitboardfabrication.

w Sliveramayfloat aroundin the chemicabath, and
maylandonanotherboard,thusaddinganundesired
connection.

MissingSolderMaskBetweenPads:

w Thissoldermaskisplacedonthe top of the copper
layerfor insulatingthe tracesof copperfrom
accidentakontactwith solder,other metal,or
conductivebits.

w Inafew circuitboardsthe soldermaskcanbe wholly
or partiallyabsentbetweenpads.Thisexposesnore
copperthanrequired,andoften resultin accidental
solderbridgesbetweenpins.

w Thiscanleadto a short,aswell asdecreased
corrosionprotection,both of whichcanadversely
affectthe functionalityandlongevityof the circuit
board.
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AcidTraps:

w Theseareacuteangleghattrap acidduringthe PCB
etchingprocess.

w Consequentlythe acidcancompromisea
connectionmakingthe circuit defectiveandcausing
more seriousproblemslater on.

DFMmeansa 5 S &ok Mafiufacturabilityé In a nutshell, DFMcheckingis the processof inspectinga
circuitboardlayoutto reducefabricationrelated and assemblyrelated problems Thereare severalkey
factorsin DFM,which ensurea consistentand correctly performing product Unlike other standards
that only considerow the circuitboardwill work, DFMfocuseson how the circuitboardmaybreak

DFMissuesare topologyrelated problemsof the circuit board Thesemay result in problemsduring
the manufacturingprocess A few of theseproblemsincludethe onesdiscussedgreviously Jike missing
soldermasksandslivers Often,a majority of circuit boardsmanufacturedwith thesedesignissueswork
normally,with only a smallpercentagereflectingdefects However,in the PCBndustry,everyscrapped
boardaddsto the costof production

PCBTIroubleshootingduring assembling

w BasidPCRBroubleshootingcanbe donewith just a few tools. Themostversatiletool is a multimeter,
but dependingon the complexityof the PCBsindthe problem,an LCRInductanceCapacitanceand
Resistanceircuit) meter, oscilloscopepower supplyandlogicanalyzemayalsobe needed

Figl.5.3:PCBsample

w Visualinspectionof PCBganfind severalpotentialissuesOverlappedraces,burnt out components,
signsof overheating,and missingcomponentscan be found easily through a thorough visual
inspection Bulgingcomponentsndicateproblems especiallyfor electrolyticcapacitors

Fig1.5.4: Multi-meter
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1. Hotspotscanbeidentified,without the involvementof expensiveequipment,by touchingthe PCB
surfaceandthe on-boardcomponents.

2. Themostapttechniquesor PCBroubleshootingsto inspecteachindividualcomponent.Testing
eachactivecomponentcanbe donewith amultimeter or LCRneter.

Figl.5.5:LCRneter

3. ICsarethe mostchallengingcomponentso inspect Most ICscanbe detectedwith the help of their
markingsandmanycanbe operationallytestedusinglogicanalyserandoscilloscopes

How to troubleshoot?

It is the processof analyzingthe behaviouror operation of a faulty circuit to determine what is
wrong. It involvesdetectingthe defective component(s)and repairingthe circuit. Dependingon the
type of equipment, troubleshootingcan be a very challengingtask In order to perform and record
troubleshooting an electricaltechnicianneedsto understandhe keyelementsto be lookedinto.

Different modesof faults or failuresduring assembling:

1. Packagingpilure

2. PCHailure

3. Relayfailure

4. Semiconductorfailure
5. Passivelementfailure

6. MEMYMicro-electromechanicatystemsJailure
W

Thermalexpansionproduceselectricalstressthat causeamaterial fatigue. Humidity and corrosive
or reactivechemicalscanleadto the corrosionof the packagingmaterialsand leads, potentially
breakingthem anddamaginghe insideparts,leadingto electricalfailure.

w PCBare vulnerableto environmentalinfluences for example the tracesare corrosiorprone and
may be improperlyetchedleavingpartial shorts,while the viasmay be insufficientlyplated through
or filled with solder. Residue®f solder flux may facilitate corrosion those of other materialson
PCB<ancauseelectricalleaks CAFgConductiveAnodicFilaments)r metallicfilamentsmay grow
within the boardsalongthe fibres of the compositematerial, which candamagethe affectivity of
the PCBasshownin the diagrambelow.

Figl.5.6:Metallicfilamentsona PCB
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w An electric arc appearsbetweenthe contact points (electrodes)both during the transition from

opento closed(make)or from closedto open (break) Apart from the physicalcontact damage,
there appearsa coatingof carbonandother mattersaswell.

Corrosionis a sourceof delayedfailuresfor semiconductorand metallicinterconnects Thesurface
of semiconductorss subjectedto moistureasthey haveanoxidelayer,asshownbelow.

Fig1.5.7:Moisturecoatingona PCB

Electrostaticdischarge(ESD)is an element of electrical overstressand may lead to immediate
devicefailure, permanentparameter shifts and latent damageleadingto increaseddegradation
rate. ESDOn real circuitsresultsin an inhibited wavewith rapidly alternatingpolarity, thus affecting
performance

Resistorganturn openor short, alongwith their value changingunder environmentalconditions
Manufacturingdefectscausingrecurrentproblems Forexample,improperly crimpedcapson metal
resistorscanloosenandlosecontact

Fig1.5.8:ESOlischargeon a resistor

w Micro electromechanicabystems suffefrom varioustypesof failures:

» Particledravellingin the systemandhinderingtheir movements
» Fracturesausindossof electricalparts.
» Dielectricchargingeadingto changeof functionality.
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UNIT 16: Fundamentals of CoppeClad Laminates (CCL)

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

1. Identifythe properties,layoutdesignsandplanningof CCL{CopperCladLaminates)

— 1.6.1 Understandingof CopperCladLaminateqCCL)

Resist rollers : .
Imaging resist coated core

Pre-cleaned core /’ o
£ 9z ==
|

copper

Resin-impregnated fiberglass ("C-stage”)

Figl.6.1:CopperCladLaminates; pre-cleaningprocess

NEISe il Image Description
CClcomponent
w Negativepolarityartworkfilm islaidonthe
resistcoatedcores
w Thecoresareexposedpnboth sidesto
unexposed resist ~ exposed resist UVlight
InnerLayer ("g%”e) Zrk P | w Theresistin the exposecareasis

ImagePrintof 7 polymerised
the CCL % w ThelatestLaseDirectimaging(LDI)
technologyutilisesCAM(ComputerAided

Manufacturing)iles projectedon the panel
with the helpof UV(UltraViolet)lightto do
awaywith artwork film

w Theprotectingmylarsheetisremoved

w Boardsareprocessediaathree-part
conveyorisea¢hemicaline

Ll y w Theunexposedesistisremoved thus
[S)terYpe(IgFIJEg;Ch s exposingare copper

il i w Theunwantedcopperisetchedawayvia
w (Al T the subtractiveprocess

w Theexposedrotectiveresistis stripped
awayfrom the copperimage

N
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PostEtch
Punch(PEP)

Thisisavitalmanufacturingstepto drill
registrationin the inner layer

Theetchedtargetsin the borderfilesare
arrangedinearlyin anopticalmachine

Themachinefindsthe bestfit targetvalue

Thepunchedholesor slotsare usedfor
aligninglayerswith the helpof hardtooling
pinsfor future steps

Automated
Optical
Inspection
(AOI)

copper trace

AOlisthe inspectionprocesof the inner
layer

Boardsare examinedby meansof an
opticalmachineagainsthe knownCAM
filesanddiscrepanciesrereported

Defectsandreworkarevalidatedby
techniciansif needed

Non-conformingcoresare scrappecdand
restartedwith minimallyaddedbuild cost

Oxide

Thecoppersurfacesare micro-roughened
duringthe preparationof multilayer
lamination

Copperrougheningis doneto improvethe
bondbetweenthe prepreg(Bstage)layers
andthe oxidisedcopper

Most of the PCBmanufacturingunits use
blackoxide but a few other formulations
areusedaswell

Lamination
(Press)

one mfg pane

Foil,prepregsB-stage) andetchedcores
arelayeredon pinsviathe PERslotsasper
the stackupto createone manufacturing
panel

Multiple panelsare stackedogether
(separatedby aluminiumreleasesheets)in
theformofad 6 22 1 €

Severabooksare heatedabovethe Tgof
the materialunderpressureandvacuum

Whenthe prepregabovethe Tgisheated,
it formsagel,flows, andfillsin between
the Cufeatures,thenpastesthe layers
togetheron cooling

Booksare disintegratednto mfg panels
andexcesgrepregsqueezeout iscleaned
up from aroundthe paneledges
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w After lamination, holesredrilled or
layeredin the panel

w Thepadswhicharealreadyformedduring
l the innerlayeretchingprocessmustbe

alignedto the drill

w Smartdrill machinesonducta registration
Drilling pre-checkto align thedrill
/ w Theaverageno.of drillsisabout25,000
per mfg panel
w Theboardsare passedviaanair knife

deburrprocesdor clearingmostof the
residualdrill debris

w All holesand surfacesare first chemically
cleanedto ensurethe layerinterconnects
arefree of anyresidualdrill debris

w Theholesarealsochemicallyconditioned
for enablingactivationof the resinand
exposedylass

Electroless w Theboardsurfaceandholewallsare
Copper e ——— depositedwith athin palladiumlayer
followed byapproximately.07 mil

0 ® n n layemféeléctrolesCu

w Thestandard processingchniquescreate
negativeetchbackat the interconnectpost

w Aspecialisedjlassetchingprocessings
requiredfor creatingpositiveetchback

Cleaningof boardsbefore pattern transfer

Printedcircuitboards,specificalljthose usedin PersonaDigital Assistantor PDAssuchascellphones,
are subjectedto over-utilization. In additionto the collectionof dirt and dustthat penetratethe cases
of mobilephones PCBsufferfrom liquid spillageor splashingrom liquidsin dayto dayuse

Different Typesof Contaminants
Thereare numerouscontaminantghat canaccumulateona PCB

w Dry Contaminants(Dust, Dirt, etc.): One of the most commonyet annoyingoccurrencess the
accumulationof dust or dirt in the PCBUsinga small,delicatebrushlike a horsehairpaint brush,
dirt and dust canbe removedwithout affectingthe components Thereare restrictionson where
eventhe smallestrushcanreach,saybelowacomponent

Compresseair canreachmanyareasbut may damagevital connectionssoit shouldbe usedwith
extremecare

Speciallydesignedvacuumcleanerfor electroniccomponentsis alsoan option but cannotreach
everywhere
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~ Summaryl £
w Inthe modernworld, electricityisessentiafor the functioningof computerscellphones]ights,air
conditionerssolderingrons,etc.

w Theresemblancef aphototransistoris quite similarto that of a transistorwith asmallexception.
Thebaseterminalis presentin transistorbut absentin phototransistor.

w APCBrovidesamechanicasupportandconnectselectricallyelectroniccomponents

w Lineassemblersnustbe ableto identify the properties,layoutdesignsandplanningof CCL{Copper
CladLaminates)

2
— Activity 5%
1. Prepareascrapbookby dividinga pageinto two columns, named: O 0 2 WER Y S alL& & alA s
02 Y LJX2 ¥y espectvélyTollectpicturesof the followingcomponents:
Resistor
Capacitor
Potentiometer
Inductor
Connector
Switch
Diode
Transistor
IntegratedCircuit
w Valve
Now,classifithe componentsasactiveor passiveandlistthem underthe respectiveheads.

€

e eegegeeeeE

2. Drawadiagramof anelectricalcircuitwith the followinglabelledcomponents:
w Coppewire

Battery

Capacitor

Resistor

LEDoulb

€ € € €
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— Exercise:&

Chooséhe correctoption from the list of responsego answerthe following questions:

1. Diodeisag
a) Conductor b) Semiconductor ¢)Handtool

2. PCBstandsfor ¢
a) PakistarCricketBoard b) PrintedCableBoard c¢)PrintedCircuitBoard

3. Electroniccomponentsanbe categorizedn ¢
a) 3 classes b) 4 classes c)2classes

4. Passiveomponentgang
a) Neverintroduceenergyto the circuit b) Amplifyenergyto the circuit

c¢) Introduceenergyto the circuit

5. Whichof the followingsis not anessentiacomponentof anelectroniccircuit?
a) Voltage b) Capacitance ¢) Resistance

6. Whatisthe unit of potential difference?
a) Ampere b) Volts ¢)Ohm

7. ACCurrentstandsfor ¢
a) Alternativecurrent b) Alternatingcurrent c)Alteringcurrent

8. Ina bridge rectifier, isnot required.
a) Powersource b) Centertap ¢) Resistance

9. Whichofthe followingsis not asemiconductor?
a) Silicon b) Lead ¢) Germanium

10. Multimeter measureg;
a) Potentialdifference b) Resistance c) Canmeasureboth of the above
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1.
2.
3.

— KeyLearningOutcomes | ¢

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

10.
11.
12.
13.
14.
15.
16.
17.
18.

19.

Explain the types and specifications of electronic components used in assembly operations.
Describe the safe handling procedures for electronic components to prevent damage or defe

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

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

Elucidate the types of mechanical fasteners and their applications in assembly.
Discuss the use and maintenance of assembly tools andagematic tools.

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

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

Elucidate the handling and assembly procedures fesp€&kific hardware components.
Demonstrate how to identify and segregate-Sg@ecific hardware for assembly tasks.

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

Show how to update inventory records using the ERP system to ensure material availability.
Show how to interpret and confirm understanding of work and assembly instructions.
Demonstrate how to arrange the required assembly parts ergonomically for smooth assembly
Discuss the role of le@nabled tools in compliance monitoring during assembly processes.
Show how to use le&nabled tools to monitor tool compliance and performance.

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

Demonstrate how to set up and calibrate 3D printing workstations for prototyping, $ratdh
production, and ensure printed parts meet specifications.

Explain the safety and environmental standards that must be followed in assembly operation

cts.

vJ
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UNIT2.1: Component Handling and Verification

— Unit Objectives|©

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

1. Explairthe typesandspecification®f electroniccomponentausedin assemblyoperations
2. Describethe safehandlingproceduredor electroniccomponentgo preventdamageor defects

3. Demonstrate how to retrieve assembledelectronic PCBboards, enclosures,accessoriesand
hardwarecomponentsrom storesandverify them againstinventoryrecords

4. Show how to checkall assemblyparts, including electronic PCBboards, metal enclosures,and
hardwareitems,for defects,mismatchesor non-conformanceandreport identified issues

5. Elucidatethe typesof mechanicafastenersandtheir applicationsn assembly

— 2.1.1Drawingthe CorrectComponents

DrawCorrectComponentfrom StoresasPerthe Work Instructions

Assemblhdrawingmayincludethe followingadditionalinformation,
locatedeither inthe drawingsheetor in the title block:

Joborder number

Surfacereatment, roughnessetc.

Keyto machiningandother symbols

Ageneralnote ontoleranceon dimensionsnot individually
tolerance

Referencdo tools,gaugesjigsandfixtures
Listof the componentparts
Alternationsandrevisions.

Fig2.1.1:Specimerf a blockto practise
componentrawing

Do o o Do Do Do Do

— 2.1.2Understandingof Work Instructions

Work instructionsare preparedclearlyand conciselyfor the colleaguedo ensurethat they are well
awareof the standardghat needto be compliedwith while performingvarioustasks It decreasesisk
becausethe chanceof things goingwrong is reduced It alsoimprovesefficiency work instructions
ensurethe verybestway of doinga job is clearand knownto the peopledoingit. Thiscomprehensive
guide will show how to write work instructionsthat employeescan understandand benefit from.
Workinstructionshaveto be verydetailedon howto achievea particularjob, assignmenbr 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. Supplementadlocumentationsmay be usedto create
detailedwork instructionssuchas

A UserManuals

A Engineeringr TechnicaManuals

A TechnicaBupportnotes

A ManufacturingNotes

N
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Solder paste SMD parts Reflow L.
printing »| placement [ | soldering || FliPping

!

Reflow SMD parts Solder paste
THT < <« <«
p|ac?.;"n?::tent soldering placement printing

!

Wave soldering/
hand soldering

Fig2.1.2:Doublesidemixedassemblyvorkflow

Formsareusedto create:

w Records
w Checklists
w Surveys

Recordsare a vital output of any processor work instruction. Theyform the baseof the process
communicationsprocessmprovementinitiatives,andaudit material.

Solder paste SMD parts Reflow THT component
printing placement soldering placement

'

Wave soldering

Fig2.1.3:Singlesidemixedassemblywvorkflow

/ LONG USED FOR GRIPPING

L0 -

CONNECTOR

POOR DESIGN CORRECT PLACEMENT
LARGE CHIP IS SHADOWING WAVE CONTACTS SMALLER
SOLDER WAVE FROM CHIPS FIRST
SMALLER COMPONENTS.

UNSOLDERED CONNECTIONS
MAY RESULT.
DIRECTION THROUGH WAVE

>

Fig2.1.4Bottomesidewaveflow

Ny
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- 2.1.3ArrangingComponentsaasper Assemblyinstructions ——

Arrangement of components plays a major role in the work ethics of a line assembler The
componentsare assembledn a certainmannerbasedon the usage frequencyof useandrelationship
betweenthe components For example,we keepthe utensilswhich are usedon a regularbasisat a
placeeasyto reach However the utensils,whichare usedoccasionallyare kept at the back Similarly,
the componentswhichare usedfrequently,shouldbe keptin the front.

A Methodologiesor ArrangingComponents

A Twobroadclasse®f taskrelatedinformation

A Informationon the useof componentsndividually

A Informationon the relationshipshetweencomponentsasthey are used

Thecomponentsare arrangedin sucha waythat:
A It iseasyto find andplaceagainafter the completionof the work
A If the componentis usedfrequently, it shouldbe keptin the front
A Thecomponentsmight reactwith the other componentsin certain cases Hence the relationship
between the componentsmust be consideredand the inter-reactive componentsmust not be
keptat vicinity

- 2.1.4VerifyingSpecification®f All Components

It sometimegefersto the verificationof specification®f componentsasper Drawing

Systematigolanningof all tests or calculationsis mandatoryto checkwhether the product or design
is suitablefor the application The appropriatenesof the product must be provenwith the help of
calculationsor planned tests. Technicaltests, on bulk products, must be conducted on defined
characteristicselatedto texture,appearancehandlingability andacoustics

Problemsassociatedwith product layouts are promptly resolvedso that all samplingand mass
productiondatesmaybe observed.

Avoidmisunderstandingby usingclearspecifications.
Hereare somevital pointsthat shouldbe consideredat the time of verificationof the components:

w DesigrVerificationPlan(DVP)
ReferProductDataSheet( PDS)
Testreports,layoutcalculations and tolerancgudies
Technicaandprojectrelateddata

Followinspectionmethodsthat havebeencoordinatedwith carefullychoserninspectionequipment
andcustomerrequirements

w ProvidepnschedulgDesigriFreeze)all drawingsandspecificationghat are neededto observethe
initial volumeproductionsampledate/start of production(SOP)

€ € € €
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SAFE WORK INSTRUCTION TEMPLATE
TITLE /DESCRIPTION OF ACTIVITY:

Faculty/Division School/Unit
Created By Document No. Risk Number
[ Tnitial Issue Date Current Version Text Review
Date
SCOPE: (List whom this procedure applies to and the specific location this work can be conducted in)
AUTHORISATIONS: (List specific op com p irem ents, e.g. area i ion, qualificati riificates, OHS

training, supervision. List who cav; ap;uove that com petency has been achieved)

HAZARDS: |"{List all the potential hazards and assoclated consequence, e.g. chem ical exposure — Inhalation or skan |
absorption, leading to irritation, bums, acute or chronic injury)

SAFETY (List the safety controls that are required to be in place, e.g. fum e-hoods, biosafety cabinets, em ergency
CONTROLS: equipm ent, m achine g ing, spill kats, p P ive equiom ent, first aid response, any after-
x hours work restrictions or rules)

PRESTART (List tasks to be com pleted before comm encem ent of work, e.g. conduct a prestart safety check of
REQUIREMENTS: equipm ent; review chem ical MSDS, nsic assessm ent or lab rules; prepare work area, equipm ent and/or
operator)
INSTRUCTIONS: (List step by step procedures for the task. You can use photos, flow charts, diagram s etc.)
CLEAN UP/ Gstp Tor disposal of waste, 4 ination, storage, shut down of equipm ent)
SHUT DOWN
PROCEDURES:
TEMERGENCY | (Provide the em ergency response procedures & 5. power 1solation procedures, spil contamment |
PROCEDURES: P BreChd
m (List any vant procedures e.g. Monash p d ., rel g definitions, refe fo
INFORMATION: ey Jafow ssion)
APPROVALS
Title Name Signature Date
Supervisor
Safety officer

Fig2.1.6:ASamplevorkinstructioncopy,usedwidelyin the telecomindustry

- 2.1.5Compliantand CorrectCalibration

Calibrationis the comparisorof Instruments,
Measuringand Testingequipment(M&TE),Unit under
CalibrationfUUC)Unitunder Test(UUT)a Deviceunder
Test(DUT)or a Testinstrument(TI)of unverified
accuracyto aninstrumentwith known(higher)accuracy
to detectandeliminateunwantedvariations.

Fig2.1.7:Sampleof calibrationtest

Importanceof Calibration
A Allmeasuringjnspectingandtestingequipmentthat canimpactor determineproductquality.
Equipmentwhichwould produceunsafeproducts
A Measuringdevices
A Equipmentwhich needsto be calibratedbecauseof an agreement For example,a customer
before progressingo signingcontractmayneedto getthe equipmentvalidatedby calibration
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UNIT2.2: Consumablesor Soldering

—Unit Objectives |©

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

1. Discusshe useand maintenanceof assemblytools and semrautomatictools.

2. Demonstratehow to collect, check calibration, and test tools and equipment for functionality,
complianceandreport malfunctions

3. Determinethe appropriateselectionand handlingof solderingconsumablegor different assembly
tasks

4. Showhowto interpret and confirmunderstandingdf work andassemblynstructions

5. Demonstratehow to arrangethe requiredassemblypartsergonomicallyfor smoothassembly

— 2.2.1CommonToolsand Equipment
1. Screw

Ascrewis acylindricalrod carvedwith one or more helicalor advancingpiralthreads,asalead
screwor worm screw.lt hasa headanda point. Commontypesof screwsnclude:

By i

FlatHeadScrew RoundHeadScrew

Yy 1

RaisedHeadScrew CrosHeadScrew

Flatheadscrew
Roundheadscrew
Raisecheadscrew
Squareheadscrew
Phillipsor crossheadscrew

€ e e ¢ge¢g
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2. PrecisionScrewDriver Set

/ ,/; 200000
////// I!H-II

Setof Screwdrivers Different Typesof ScrewdriveiTips

w Usedto tightenandloosenscrews
w Somecommon screwdrivergclude:
» FlatHeadScrewdriver
» PhillipsScrewdriver
» OffsetScrewdriver

3. Nuts

NutsandBolts FixingNut

Nutisafasteningool. It hascoilsaroundits body,givingit a shapeof threadedpattern. Thethreaded
pattern helpsto join the two partsof metalor woodencomponentsThecommontypesof nailsare:
w HexagonaNut

w SquareNut

w Flanged\ut

w CapNut

4. Bolts
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Boltlookssimilarto the headof anut. Boltsare usuallyattachedto the nutsasajoinerysubstance.
Thecommontypesof boltsare:

w HexagonaHeadedBolt

w SquareHeadedBolt

w RoundHeadedBolt

w CylindricaHeadedBolt

SecuringClip

o=

Secureclips,alsocalledR-clipsarewidelyusedto securethe endsof round shaftssuchasclevispins
andaxles.

5. Spanner

Aspannerisaninstrumentusedto providemechanicaadvantageandgripin applyingtorqueto
turn objectssuchasrotary fastenersnutsandbolts.

6. Forceps

Theseaare usedwhenthe fingersaretoo largeto grasptiny itemsor whenseveralitemsneedto be
heldsimultaneouslyvhile the handsare usedto performatask.

7. FormingPlier
Formingpliersarelargejawedpliersfor formingsheetmetalandwire into avarietyof shapes.
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_ 2.2.2Basic Assemblgnd HandTools
AscertainAvailability of All Parts/ComponentsToolsand Equipmentto CarryOut Work
Workequipmentmaybe definedasthe machinery appliancetool or installationfor useat work.
Makesurethe availabilityof alltoolsandequipmentto carryout work:

Equipmentusedat work includeghe following:

w Handtools - drills,hammershandsawsknives sharpeningools,rivetersetc.

Hammer:A goodquality Steelhammerisusedto drive nailsin the components.

MeasuringTape:Measuringapesare usedb to measurethe areaandextentof cuttinganobject.

ClampsClampsare usedto holdthe work-piecetightly to work onit. Forexamplejf screwneedsto be
drivenin to adelicate pariof the subassemblyG-clampisusedto holdit in the desiredangle.

-

Marking Tools:markingtoolslike pencilisusedto sketchcuttinglineson the object.

4

Screwdriver:Screwdriversre usedto tightenandloosen screws.

",

> /"

—i

N
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Plier: Pliersare mainlyusedto grip andtwist objectslike pipe or wire. Thelongfrontal part of the plier
helpsto grip or squeezéahe objecteasily whichare difficult to do manually.

Providingand usingwork equipmentsafely.

Providinga manualor a bookletis a recommendedpractice It will be beneficialfor employees There
may be specificrequirementsrelatedto the equipmentthat an organisationusesat work. In this case,
the bookletswill point towardsfurther informationone mayrequire.

Equipmentusedby employeesare covered For example,power pressesJadders,hammers,knives,
drilling machines,circular saws, lifting equipment (including lifts), motor vehicles,dumper trucks,
photocopiersetc.

DosandR 2 y @ inachinery

As the duty holder every organizationshould ensure that all employeeslikely to use machinery
understandandfollow thesedosandR 2 y QG & Y

52X

w Examinef the machineiswell maintainedandfit to beused,i.e.in properconditionsfor the job and
allthe safetymeasuresrein place

w Usethe machineandits partsproperlyin accordancaviththe Y Iy dz¥ | QdtamsBnbdions

w Ensureemployeesare usingthe PersonalProtective EqQuipment(PPE)required for particular
machineor process

w Ensurehat workerswho usemachineryare competentenoughto useit safely.Providetraining
whenevemecessary

52y Qi X

w Useamachinethat hasadangersigntaggedto it. Thesignshouldonlybe removedby anauthorised
personwho canaffirm that the machineis safeto use

w Removeanysafeguardevenif their presencemakesthe job complex

w Wearlooseclothing,danglingchainsringsor havelooselonghair proneto getcaughtup in moving
particles

w Distractpeopleat work
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— 2.2.3AssemblLineand EquipmentMaintenance

Why is maintenanceof assemblyline and equipmentimportant?

Additionalhazardscantake placewhen equipmentand plant becomesunreliableand developsfaults.

Maintenanceenablesthesefaultsto get diagnosedat an early phaseto managefurther risks However,
proper planningand correctexecutionis requiredto carry out maintenance Unsafemaintenancecan
causefatalitiesand severeinjurieseither duringthe maintenanceor duringoperatingbadlymaintained
equipment

Effectivemaintenanceprogrammesmakeequipmentand plant more reliable Fewerbreakdownsamply
to lessdangerouscontact with machineryis required, as well as havingthe cost benefits of better
productivityandefficiency

The Provisionand Use of Work Equipment Regulations(1998 state equipment and plant to be
maintainedproperlysothat it remainssafeandhazardfree.

Safeworkingareas:

Onemustarrangefor safeandsecureplaceof work:

w 5 2 yfdRusonlyon the safetyof maintenancavorkersc takethe needfulprecautionso makesure
that the safetyof otherswho maygetimpactedby their work

w Setupbarriers,positionandsignsandpersonneht keypointsto keepothersout

Equipmentandplant mustbe madesecurebeforemaintenancecommences

w Ensurgo stopmovingplantandisolatethem from electricalsuppliesideally,maintenanceshould
be donewith the power off

w Lockthe machineoff if there isa possibilityof the powerto getback(evenif accidentally)

w Isolateelectricallines, plant and valveswhich contain gas,steam,pressuredfluid or hazardous
material.Lockoff the isolatingvalvesasa safetyprecaution

€

- 2.2.4SafeHandlingPractices

w Beforeallowinganemployeeto usea machinechalkout the risksinvolvedand howthe riskscan
be managed.

w Inspectf allsafeguardsittachedare free from defects.
» ThetermWa I T Sidchze®R Q

Personalsears

Interlocks

TwoHandControls

HandGuards

ESOElectrostatidischargeytrips/ mats

w Byregulation the supplieramustprovidepropersafeguardandinform buyersof further risksthat
usersneedto knowandmanage
w Produceasecuresystemof work by maintainingthe machinegproperly

w Maintenancemay callfor regularinspectionf criticalfeatureswhere disintegratiorwwould amount
to arisk

w Ensuresveryproperinstallationof the staticmachinesandtheir stability.5 2 yir@téllthem ata
locationwhere othersare exposedo risk

vVvyyvyyvVvyy
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Preventingaccesto dangerousparts:

Makeuseof the bestmaterialfor the guards Forexample plasticis easyto seethroughasit istransparent
but may be damagedeasily Forcaseswvhere wire meshor similarmaterialsare used,ensurethat the
holesare not bigenoughto let the movingparticlesin.

If the scopeof usingfixed guardsis faint, applyother methods Theguardmust be interlockedso that
the machinecannotstart before the guardis closedand vice versa In a few casestrip systemslike
pressuresensitivemats, automaticguardsor photoelectricdevicesmay be exploitedif other guardsare
not applicable

Whereguardscannotoffer full protection, jigs,holders,pushsticks,etc. mustbe used Remainingisks,
if any,mustbe controlledby providingthe operatorwith the essentiainformation, training, instruction,
supervisiorand proper safetyequipment Propertraining shouldensurethat thosewho usethe machine
are capableenoughto useit safely

Untrained,unauthorisedor unqualifiedpeopleshouldnot usemachinery

Fig2.2.1:Keephe workspaceidy andclean

Sequencehe Partsand Subassembliesh CorrectOrder. A subassemblys a part of the Bill of Material
or BOMthat is exploitedasa component Subassemblieare generallyusedascomponentsin several
BOMs,i.e. they are parts of multiple product structures Store control dependson the time-phased
nature of the masterschedule Jobsare propagatedio productionin the appropriatesequenceof multi-
levelassembly

Creating SubassemblyBOMs If one hasto define subassemblyspecificationswithin other Bill of
Materials and require givingthem their own BOMSsto alignto the above guidelines,take the steps
furnishedbelow:

w Createa parentBOMitem to fabricatethe subassembly

w Createa specificheaderfor the parentitem of the subassemblyy assigningt a particulartype of
BOM

w Inthe newlycreatedBOM enter the subassemblgomponentsandrouting sequences
w Deletethe componentsandroutingsequencesissociatedvith the previousBOM

w In BOMswherethe subassemblwasdefinedearlier,addthe parentitem of the subassemblgasa
component
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Whendoesthe quantity of the sub-assembliesliffer from the parent quantity?

Whenevera subassemblyhas a variant magnitudeof quantity than the sameof the parent item, it
must be well definedwith its own BOM Thereasonbehindit is that the BOMrouting is dependenton
the parent quantity for costingcalculationsand scheduling If one mixessubassemblygequencewith
parentitem sequencesthere is highchanceof usingwrong quantity, which makescostingcalculations
andschedulingnsignificant

SubassemblBOMc¢ a necessitywith storeand MRPcontrol:

Usingsubassemb\BOMsis essentiaffor store and MRP(MaximumRetailPrice)control. Subassembly
BOMsenableMRPto fabricate subassemblyobs as per interdependentdemand Theyhelp jobs get
releasedin the appropriate order of multi-level assemblyas subassemblyjobs are completed They
enable each subassemblyto get its own traveller and to have its routing sequencesscheduledin
sequentiabrderwithin work centres

Fitting SubAssemblieand Components:

Worksafelyat alltimesby followinghealthandsafetynormsandguidelines

Planthe fitting andassembhactivitiesbeforeyoustartthem

Obtainandpreparethe appropriatecomponentstoolsandequipment
Usesuitablemethodsof assemblingindfitting the componentsin correctpositions
Fasterthe componentswith the helpof specifiedsecuringdevicesfastenersandconnectors

Examinethe completed assemblyto make sure that all operationshave been finished and the
finishedassemblyneetsthe desiredspecification

Dealeffectivelywith problemswithin your spanof control and seekguidancefrom appropriate
people,if youhavecomeacrosgproblemsthat cannotbe resolved

w Leavehe workareain asafeandtidy conditionon completionof the assembhactivities

€ € €€ € €€
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— 2.2.5HandToolsUsedin PCBAssemblyArea

Nameof the Tool Description Image

Theseareintendedfor cutting
wire andarenot usedfor grabbing
DiagonalPlier/ Wire or turning anyitem. Theplane
Cutter demarcatedbythe 2 | @uttifig
edgesintersectsthe joint rivet
diagonallyor at anangle.

Theseare both holdingandcutting
pliersusedby jewellerydesigners,
NosePlier artisanselectriciansnetwork
engineersandother tradesmento
bend,re-positionandsnipwire.

Thisis a smaltsized hand-held
deviceusedfor strippingthe
electrical insulation fronelectric
wires.

Wire Stripper

Theseare smallsizedtoolsused
to pickup objectstoo smallto be
Tweezers handledby barehands.Theyare
derivedfrom tongs,scissorsor
pincers.
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Thisisa handtool usedin soldering,
whichsuppliesheatfor meltingsolder
sothat it isableto flow into the joint
betweentwo jobs

Solderinglron

DesolderingPumpis usedto remove
solderandcomponentdrom acircuit
boardfor troubleshootingrepair,
replacementandsalvage

De-solderingPump

This is dine meshof flux-coated
copperstrandsthat absorbsolder
De-solderingWickor whenheated.Easieandmore
Braid effectivethan a soldersucker the
braidcanbe usedto removesolder
that bridgessurfacemount.

Solderpasteis a materialusedin Prosrie
the manufactureof printed circuit ' SOLDER PASTE
boardsto connectsurfacemount
SolderingPaste componentgo padsonthe board.

It isalsopossibleto solderthrough
holepinin pastecomponentsy print
solderpastein/over the holes.

Thisisa fusiblemetalalloyusedfor

creatingalonglastingbondbetween
metalwork-pieces. Irelectronicsijt is
typicallyamix (63:37)of tin andlead.

SolderingLead

Solderingluxisachemicaflowing
agent,cleaningagent,or purifying
agent.Thesemayhavemorethanone
functionat atime. Theseare used

in both metaljoiningandextractive
metallurgy.

SolderingFlux

o
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ThermalWire Stripper

Thermalwire strippersareideal
choicedor strippingstrandedand
solidwiresupto “zinchesInaddition
to that, thesetoolsare exploitedto
cutthroughthe insulatorswhichare
otherwisedifficult to penetrate.

BoardHolders

AdjustableElectronic

AsG-clampsor BarClampdelp
carpentergo attachthe work piece
tightly to aholder,the adjustable
electronicboardholdershelpline
assemblerso attachPCBsThusthe
toolisoftenreferredto asAdjustable
PCHBHolder.Theterm adjustable
isusedbecausehe tool permits
workersto rotate the attachedPCB
3600.Normallythe deviceismade
of non-conductivematerials suclas
plastic.

LeadFreeSolder

Leadfree soldersare extremely
effectivein solderingandwetting
throughholes.It alsoallowsworkers
to work on partswhichconsistof
narrow pitch. It showshighinsulation
andanticorrosivepropertieseven
after solderingisfinished.

— Summaryl £

w Workinstructionsare preparedclearlyandconciselyfor the colleagueso ensurethat they arewell
awareof the standardghat needto be compliedwith while performingvarioustasks.

w Workinstructionshaveto be verydetailedonhowto achievea particularjob, assignmenor task.
w Lineassemblersnustbe ableto identify andusevarioushandtoolsandequipment.
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— Activity |

Identifythe toolsgivenbelowandwrite downtheir namesin the blankprovidedbeloweachdiagram:

A
/

1920
P

ProsKit

// S0¢
i
' SOLDER P
o sk e sy et 533
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—

— Exercise:&

Choosehe correctoption from the list of responsego answerthe following questions:

1. _areboth cuttingandholdingpliersusedby artisans.
a) Wire strippers b) Nosepliers c)Diagonapliers

2. Solderfluxisacg

a) Metalamalgamation b) Chemicahgentusedaspurifier
c¢) Solderingron usedasconnectors

3. Whichof the followingsis not anexampleof passivecomponent?
a) Resistor b) Capacitor c) Transistor

4. Whichof the followingsis not anexampleof activecomponent?
a) Transistor b) Switch c)Diode

5. Whichone of the followingoptionsshouldbe consideredvhile arrangingfor components?
a) Sizeof the component b) Frequencyf usageof the components

c) Colourof the component

6. StateTRUBrFALSEG { ONEB ¢ ReNdedicXibiFenandloosenda ONB 4 & ¢ @
a) True b) False c)Partiallytrue

7. DVPstandsfor ¢
a) DeviceVerificationPlan b) DesigrivalidationPlan

c¢) Desigr\erificationPlan

8. Intermsoflooks,boltsaresimilarto that of ¢
a)Nuts b) Screws c) Tweezers

9. Whichof the followingsis not afasteningtool?
a)Nuts b) Screws c)Securinglips

10. Whichof the followingswill youuseto separatecomponentsrom the PCByoard?
a) De-solderingoraid b) De-solderingoump c) Tweezers

R
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UNIT2.3: Advanced Assembly Technologies and Safety

- Unit Objectives |©

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

. Elucidatethe handlingand assemblyproceduredor 5G-specifichardwarecomponents

. Demonstratenow to identify and segregateésG-specifichardwarefor assemblytasks

. Describehe useof ERRsystemdor inventoryand productiontrackingin anassemblysetup
. Showhow to updateinventoryrecordsusingthe ERFsystemto ensurematerialavailability
. Discusshe role of loT-enabledtoolsin compliancemonitoringduringassemblyprocesses

. Showhow to useloT-enabledtoolsto monitor tool complianceand performance

. Explainthe applicationsof 3D printing in assemblyand prototyping

0 N o O~ W N P

. Demonstratehow to set up and calibrate 3D printing workstationsfor prototyping, smaltbatch
production,andensureprinted partsmeetspecifications

9. Explainthe safetyandenvironmentalstandardghat mustbe followedin assemblyoperations

— 2.3.1 Understanding 56Gpecific Hardware Components——

5G networks require advancedhardware for highspeed, low-latency communication Common
componentsnclude

Component Function Example / Visual

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

Supports multiple simultaneous

) [Antenna Icon]
connections

Massive MIMO Antennas

Operates at higtirequency bands for

ultra-fast speed [Radio Unit Icon]

mmWave Radio Units

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

Transmit and receive higépeed data

over fibre [Fibrelcon]

Optical Transceivers

— 2.3.2 Assembly Procedures

Assemblyproceduredor 5G-specifichardwarecomponents

Assemblyof 5G hardware componentsinvolves preparing tools and checking parts, positioning
modulesand connectorsas per layouts,securingcomponentswith correcttorque, routing cablesand
fibre optics carefully, and finally performing basic tests and power-on checksto ensure proper
functionality.

— B/
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1. Check the work order and assembly drawings.

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

.Inspect all parts for physical damage.

Step 1: Preparation

1. Align components according to the layout diagram.
Step 2: Component Positioning 2. Ensure connectors and slots match in orientation.

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

2. Avoid overtightening to prevent PCB or casing
damage.

Step 3: Securing Components

1. Route cables neatly and fix with cable ties.

Step 4: Cable and Connector 2. Ensure fibre optic cables are not bent beyond their
Assembly bend radius.

1. Perform basic continuity tests.
Step 5: Testing & Verification 2.Check LED indicators for initial powar status.

~ 2.3.3 ldentifying and Segregating 5&pecific Hardware for—
Assembly

AsalLineAssembler; TelecomProductsyoumustfirst be ableto correctlyidentify andsegregatebG-
specific hardware componentsbefore beginningany assemblywork. This step ensuresefficiency,
preventsmix-ups,and maintainsproductquality.
1. ldentify 5G HardwareComponents
ALookfor key modulessuchas antennaarrays,RFunits, power supply boards,small cells, PCB
boards,opticaltransceiversandconnectors
ACheckeachpart againstthe assemblydrawingor bill of materials(BoM)providedwith the work
order.
APayattention to labels, part numbers,barcodes,or QRcodesto confirm the componenttype
andmodel

2. SegregateComponentsby Category
APlace componentsin separatetrays or bins basedon their function: e.g., antennas,circuit
boards,cablesscrewsandconnectors
AEnsureelectrostaticsensitivedevices(like PCBsand chips) are kept in anti-static pouchesor
ESBsafecontainers

AHeavymechanicalparts should be stored separatelyfrom delicate electronic componentsto
avoiddamage

— B/
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3. Checkor PhysicalCondition
Alnspecteachpart for scratchesbent pins,crackspr missingabels
ASegregatenydamagedr defectivepart andreport it immediatelyfor replacement

4. Preparefor Assembly
AArrangethe verified and segregatedcomponentsin the sequencethey will be used during
assembly
AKeepthem on an ESEprotectedworkstationfor easyaccessindsafehandling

— 2.3.4 Use of ERP Systems for Inventory and Production —
Tracking in an Assembly Setup

In a moderntelecomassemblysetup, EnterpriseResourcePlanning(ERP¥ystemsare widely usedto
manageand monitor both inventoryand productionactivities Fora line assemblerunderstandinghe
basicrole of ERFhelpsin workingmore efficientlyand accurately
1. Inventory Management
A ERPsystemsrecord the availabilityof components(suchas PCBsRFmodules,antennas,and
connectorsjn realtime.
A Assemblerscan check whether the required parts are in stock, reserved, or need
replenishmentefore startingthe task
A It reducesthe chancef delayscausedby missingor misplaceccomponents

2. ProductionTracking
A Eachassemblyaskis linkedwith awork orderin the ERPsystem
A Progresscan be tracked at different stages,such as componentsissued,assemblystarted,
assemblycompleted,and quality checked
A Thisensuredransparencyandallowssupervisorso identify bottlenecksquickly.

3. Traceabilityand Quality Control
A ERPsystemskeep a record of batch numbers,serialnumbers,and inspectionreports, which
helpsin tracingissuesf a defectisfound later.
A Thisimprovesaccountabilityand supportscompliancewith telecomquality standards

4. Efficiencyand Productivity
A Byautomatingdataentry andreporting, ERReducespaperwork
A It allows assemblerdo 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

o
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- 2.3.5 Updating Inventory Records in ERP

To ensuresmooth assemblywork, you must keepthe ERPsystemupdatedwith material usage This
helpsmaintaincorrectstocklevelsandavoidsdelaysdueto shortages
1. Loginto ERP
AUseyourlogincredentialgprovidedby the supervisor
2. CheckMaterial Availability
ASearctfor the requiredcomponent(e.g., antenna,PCBcable)
AConfirmavailablestockbefore startingassembly
3. IssueMaterial for Assembly
Aselectthe work order and updatethe quantity of materialstakenfrom inventory.
AExamplelf youtake 10 antennasfor assemblyupdatedl0A & & dzghBRERRystem
4. Returnor ReportBalance
Alf somematerialsare unused markthemasd NB G dzNy S R
AReportanydamagedcomponentsmmediatelyin the ERP
5. Verify UpdatedRecords
AcCheckhat the ERPow reflectsthe correctstockbalance
AThisensureghe nextassemblewill alsohaveaccurateinformation.
ADiscusshe role of loT-enabledtoolsin compliancemonitoringduringassemblyrocesses

- 2.3.6 Role of loEnabled Tools in Compliance Monitoring—

In moderntelecomassemblyprocessesloT-enabledtools play a keyrole in ensuringcompliancewith
quality and safety standards Thesesmart tools are connectedto the network and automatically
recorddata, which helpsboth assemblerg&ndsupervisorgnaintainaccuracy
1. RealTimeDataCollection
w loT tools like smart torque screwdrivers,ESDmonitors, and temperature sensorscapture
datawhile youwork.
w ExampleAsmartscrewdriverrecordsthe exacttorque appliedandsendsit to the system
2. ErrorPrevention
w If a componentis tightenedincorrectlyor a cableis connectedwrongly, loT tools can give
instantalerts
w Thispreventserrorsfrom becomingoiggerissuedater.
3. Compliancewith Standards
w Datacapturedisautomaticallystoredin the systemfor auditand quality checks
w Thishelpsprovethat the assemblyvasdoneasper telecomand safetyguidelines
4. Traceability
w Everyaction (e.g., tighteninga screw,fitting a PCBconnectinga cable)is time-stampedand
linkedto the assembler
w Thiscreatesa clearrecordfor future referenceif anydefectisreported.
5. ImprovedProductivity
w loT tools reduce manualrecord-keepingand give assemblergnore time to focuson actual
work.
w Supervisorganmonitor complianceremotelywithout interrupting the workflow.

. 101
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~ 2.3.7 Showhow to uselot-enabled Tools to Monitor Tool
Compliance and Performance

loT-enabled tools are regular assemblyor testing tools fitted with sensors,microcontrollers,and
connectivityfeatures(like Wi-Fi,Bluetooth,or RFID)

A Smartscrewdrivers; recordtorque levelsandtighteningsequence

A loT-enabledmultimeters¢ measureandtransmitelectricalvaluesdirectlyto a system

A Smartsolderingstationsc monitor temperatureaccuracyandsafety.

Stepl: Connectthe Tool
A Switchon the loT-enabledtool.
A Ensuret is pairedwith the monitoringsystem(viaWi-Fi, Bluetooth,or LAN)
A Checkindicatorlights/displayfor successfutonnection

Step2: Verify Tool Compliance
A Openthe monitoringapplication/dashboarn a PCor mobile.
A Checkcalibrationstatus,usagehistory,andtool ID.
A Confirmthat the tool meetscompliancerequirementsbefore startingwork.

Step3: Monitor PerformanceDuringWork
A Startusingthe tool asper assemblynstructions
A Observehe live datafeed on the screen(e.g., torque value temperature,pressure)
A Ensurereadingsmatchthe requiredstandards

Step4: TakeActionon Alerts
A If the system gives an alert (overheating, incorrect torque, excessivevibration), stop work
immediately
A Reportto the supervisor/maintenanceeam.
A Replaceor recalibratethe tool if needed

Example Whileassemblingr telecomantennaunit, the assembleusesa smartscrewdriver
A Thesystemdisplayghe torque appliedto eachscrew
A If onescrewis undertightened,an alert popsup on the dashboard
A Theassemblecorrectsit immediately,ensuringthe unit meetstelecomquality standards

102
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- 2.3.8 Applications of 3D Printing in Assembly and Prototyping—

Whatis 3D printing?
3D printing (additive manufacturing)makesreal parts layerby-layer from a digital file. L (iuSedulon
the shopfloor becausave canmakecustomtoolsand quicksamplesvithout expensivanolds
A. Howit helpsin Assembly
1. Jigs& Fixtures(Holderg
AHoldPCBs;onnectorspr smallhousingssteadywhile drilling, soldering gluing,or testing
Almprovesaccuracyreducesrework, and keepshandssafe
AExamplea 3D-printed clampto hold a router casingduringscrewtightening

2. CableGuides& Clips
Acustonrclipsfor neatcablerouting insidetelecomdevice ONTsWi-Firouters, RFunits).
AcColorcodedclipshelpin standardwork andfasterinspections

3. AssemblyAids
ASpacersalignmentpins, cornerlocators,torque-tool noseguides printed to exactsizefor your
model
ALightweight = easierhandling lessfatigue.

B. How it helpsin Prototyping
1. Mock-ups(Fit& Feel)
APrintearlyversionsof enclosuresor bracketsto checksize,hole positions,and clearancedefore
metal/plastictooling.

2. FunctionalTry-outs
AchaTestloor latches snapfits, hingemovement,andairflow openings
AQuicknges update CADhreprint the improvedpart the sameday.

3. Lowvolume Parts
ASmallbatchesof non-critical parts (covers caps labels,nests)canbe printed on demandto keep
the line moving

C SimpleWorkflow , 2 dEQlfow

Getthe file (STlfrom engineering)

Slice& setbasicgmaterial=PLA/ABSayerheight,infill).
Printsafely(ventilationon, keephandsawayfrom hot nozzle/bed)
Postprocesgremovesupports light filing/sanding)
Fitcheck(doesit align?do holesmatch?doesthe boardsit flat?).
Useon line (follow SOHor the jig/fixture; storeit labeled.

To To Do o Do Do
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D. Safetyand EnvironmentalStandardsn AssemblyOperations

ElectricaSafety Ensureproper earthingof equipmentandkeepliquidsawayfrom machines
ThermalSafety Handleheatednozzles/bedsvith protectivegloves

ESDProtection UseESDwrist strapsand matswhen handlingtelecomPCBs
PersonaProtectiveEquipmentPPE)Glovesgogglesandantistaticshoesasper SOP
Ventilatiort Operate3D printersin well-ventilatedareasto avoidinhalingfumes
WasteManagement Collectscrapplasticand support material separatelyfor recyclingor safe
disposal

EnvironmentalComplianceFollowworkplacerulesfor noise,dust,andenergyefficiency

To To Do o Do Do

)
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— Notes
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— KeyLearningOutcomes | ¢

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

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 posissembly activities required to ensure product quality and compliance.
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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,and health and safetypolicies
in telecomassemblyoperations

2. Demonstratethe processof conductingpre-assemblysafety compliancechecksbefore starting
operations

Describehe roles,responsibilitiesandreportingstructuresin the assemblyine.
Discusshe handlingand assemblyof variouselectronicand mechanicapartsin telecomdevices

Elucidatethe different electroniccomponentsusedin mobile phonesandtheir functions

o 0 b~ W

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

~

Showhowto handlecomponentscarefullyand ensureproper fitment usingappropriatetools.

8. Demonstratethe correct proceduresand sequencedor assemblingcomponentssuch as RFID
tags,Wi-Fi,and Bluetoothmodules

9. Describehe safeandcorrectusageof assemblytoolssuchasscrewdriverspliers,andtweezers
10. Explairthe workingprinciplesand applicationsof semiautomaticand automatedassemblyools.

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

12. Discusshe properhandlingand storageof PCBsincludingbakingandflux application
13. Elucidatebasicsolderingtechniquesdefectidentification,andrework procedures

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

15. Showhow to arrangepartsandsub-assembliedn the correctsequenceor an efficientworkflow.

16. Demonstratehow to interpret technicaldiagrams,specificationsand schematicsaccuratelyfor
assembly

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

18. Demonstratethe useof l0T sensorgo track assemblyitems and ensureplacementaccuracyand
efficiency

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

20. Demonstratehow to use machine vision systemsfor reattime quality inspection and defect
detection

o
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Category

Quality Standards

= =a=a =4

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

Key Points

ISO 9001: Quality process &
documentation

ISO/IEC 27001: Data & info security
ROHS: Restriction of hazardous
substances

IPC Standards: PCB handling & solderi
quality- BIS/TEC (India): Product
certification

For Learners (What You Should Do)

Check if components/tools have
certification

Follow IPC rules for PCB handling
Never use unapproved or uncertifie
parts

Compliance
Requirements

Follow company SOP#&Jse calibrated
tools only- Maintain records of material
usage- Perform intermediate & final
quality checks Report defects quickly

= =4 =4

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

Health & Safety
Policies

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

properly

f
f

Wear PPE before starting work
Use ESD protection when handling
PCBs

Keep tools & cables organized
Dispose waste in correct bins
(hazardous / nofhazardous)

Why It Matters

- Zerodefect assembly Reduced
accidents Environmental protection
Builds customer trust

E ]

Apply standards daily
Work carefully to avoid rework
Think safety first

Line Assembler

- 3.1.2 Roles, Responsibilities, and Reporting Structures +A+—
the Assembly Line

Responsibilities

Assemble telecom parts as per

rules, report defects to supervisor.

instructions, follow safety and quality

Reporting Structure

Reports to Supervisor/Line
Leader

Line Leader / Supervisq

Distributes 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 Heg

o



Mechanical Parts

Part Type Examples
Electronic Parts| - PCB (Printed Circuit
Board} Chips &
Modules (WAFi,

Bluetooth, RFID)
Resistors, Capacitors,
Diodes, LEDBs
Connectors & Cables

Li

- 3.1.3 Handling and Assembly of Various Electronic and

Handling Guidelines

- Always wear ESD strap arn
gloves Avoid touching
circuits with bare handdUse
tweezers/pick tools for smal
parts- Keep in antstatic
bags

neAssembler TelecomProducts

Assembly Guidelines

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

touch circuits with bare
hands

Mechanical - Casings & Covers |- Handle with clean gloves t{ - Use correct screwdriveDo
Parts Screws & Fasteners [ avoid scratchesKeep screwq not overtighten screwsFix
Heat sinks, shields sorted by sizeAlign parts | heat sinks/shields firmby
Display & keypad unit{ properly before tightening | Assemble covers and displa:
carefully
DSYSNI f |¢ - Wear PPE (gloves, ESD |¢
strap) Keep parts labelled &
organized Follow
diagrams/SOPs
DSYSNI f |¢ 52y Q0 F2NBS [E LI NG G2 FAQ
52y Qi YAE
screws/components5 2 Y Q {

their Functions

( PFO/PA

BSI

Network
Section

vCco

r Power IC
RTC
Charging IC

CPU
R22

Power
Section

MIC Interface

Antenna Point

RX Filter
Network

Audio IC

FlashIC
RAM

~ 3.1.4 Electronic Components used in Mobile Phonesand

On/Off Switch
Antenna Switch

IC

Ul Mobile/Logic IC

Buzzer Interface

Fig. 3.1.1: Different components of a mobile phone

o
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Thedifferent componentsof amobile phoneare:

Component

Image

1. Chargingystem:Amobilephonecanbe chargedoy means
of anadapteror a USBcable.Onceit ischarged openthe
chargingplug. It isharmfulfor both the battery andcharger
to chargea mobilethroughoutthe night. After buyinga

newmobileset,the battery shouldbe chargedirom 12to
18hoursat a stretch.

2. Battery: Acontainercompriseoneor morecells,in which
chemicaknergyisconvertedinto electricityandutilisedas
apowersource.Thebattery of mobilephoneis 3.6 volts
and currentis 500AmpgAmperes)L800Amps.

3. Backupbattery: It lookslike the battery of aclock.Being
roundedandsilvercoloured,it actsasabackuppower
supplyto controlthe dateandtime of amobile phone.

4. SIMDriverlIC:lt issquarein shapeandbluein colour.ltis
usuallyfoundbelowthe SIMsocketandsideof keyboard
interfacelC.Belowthis ICcover,there are 3 rowswith 8

nodes Bymakingjumper,we canremovethe problemof
SIMfaults.

5. KeyboardinterfacelC:lt issquarein shapeandbluein
colourlike SIMIC.Normally,it islargerthanthe SIMIC.It
has5 rowswith node pointsabove20 (KeysNumber).

6. FMIC:ltissquarein shape.lnnokia2760,thisICstays

belowthe vibrators.Thefunctionof thisICisto controlthe
FMin mobilephones.

7. DisplaySocketTrack:Thissocketmakeshe connection
betweenthe display(LCDandthe motherboard.lt is
usuallyplacedonthe backsideof the motherboard.
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Component Image

8. Network amplifier: It isrectangulatrand comeswith a

metalcover.PHPowerFactor)/RRswritten onit. Blackin
colour,it amplifiesthe outgoingsignalof the mobile.If it is
damagedW¥ yI 20 O SyimBoill comein display At first,
we haveto re-solderit. If the problemisnot solved thenit
needsto be changed.

9.

LEDOLightEmitting Diode)and LCOLiquidCrystal
Display):LEDs adiodewhichisusedon the lightin the
motherboard.It actsin forward bias.Thisdiodeisfabricated
by the materialslike As(Arsenic)Ga(Gallium), etc. In case
of mobilephones, LEDOs presentinkeypad display etc.
ActuallyLECiransfersthe electricalenergyto light energy.
Thereforejt isknownasLightEmittingDiode. Thdull form
of LCDsaLiquidCrystaDisplay.

10.

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

11.

SIMcard:GSMmobilephonesneedalittle microchipcalled
the Subscribetdentity Module or SIMcard,for functioning.
TheSIMcardis aboutthe sizeof asmallpostagestampand
isgenerallyplacedbelowthe at the backof the unit. The
SIMsafelyhouseghe servicesubscribekey(IMSl)usedto
identify asubscribeion mobiletelephonydevices TheSIM
cardpermitsusersto changephonesby simplyremovingit
from onemobilephoneandinsertingit into anotherone or
broadbandelephonydevice.

12.

AudiolC:lt isthe secondargestlCin the mobilemother
board.It isrectangularandhas48to 60 pins.SomeaudiolC
hasmorethan 60 pins. Thefunctionsof speaker,
microphoneandringerare almostdependentby audiolC.
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~ 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

Importanceof Polarity in ElectronicComponents
w Polarity meansthat a component has a positive (+) and negative (¢) side, and it must be
connectedcorrectlyin a circuit.
w Manyelectroniccomponentssuchasdiodes,LEDs¢apacitorsandbatteriesare polarized
w If polarityisreversed
o Thecomponentmaynotwork (e.g., LEDs 2 yglw).
o It maygetdamagede.g., electrolyticcapacitorcanburst).
o0 Thewholedevicemayfail or malfunction
w Correctpolarityensures
0 Safeoperationof the device
o Propercurrentflow in the circuit
o Longelife of components

Impacton DeviceFunctionality
A Wrongpolarity Mhdevicemaystopfunctioning
A Heat,sparkspr smokemayoccurin severecases
A Correctpolarity Mhstablepower supply,accuratesignaltransmissionandreliableperformance

Mechanicalltems Usedin AssemblyProcess
In telecom/electronicproduct assembly workers also handle mechanicalparts alongwith electronic
components Thesenclude
1. Fastenerg Screwsnuts,bolts,washerqusedto fix PCBsgoversandmodules)
Enclosureg Casingg, Plastic/metahousingghat protectthe circuit
Heatsinksg Usedwith power componentdor heatdissipation
Connectorst Socketg; Forjoiningcableswires,andboards
Mountingframes/ bracketsc Tohold PCBs&indmodulesin position
Cablesandties ¢ Forwiring management
Gasketd spacerg; Provideinsulation,spacingand protection

No ok wd
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~ 3.1.6 Handling Components using Appropriate Toals

Handling Electronic
Components

1 Handle with clean and dry hands or

Key Points (Theory)

use ESD strap/gloves to prevent
damage.

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

Avoid touching component surfaces
to prevent contamination.

Practical Application / Tools

1 Use tweezers, pliers, or

vacuum pickup tools to pick
and place small parts.
Place components on anti
static mats.

Ensuring Polarity &
Orientation

Check the polarity marks (&) and
pin numbers before fitting.
Follow circuit diagram/assembly
drawing for correct direction.

Use magnifying lamp or
multimeter for verification.
Doublecheck alignment
before soldering or fixing.

Mechanical Fitment

Ensure parts are aligned properly wi
PCB holes or housing slots.

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

Use screwdrivers, nut driver
torque tools for fasteners.
Use spacers, washers, and
guides to maintain proper fit

Soldering Safety (if

Use the correct temperature for

Use soldering station with

and orientation.

Ensure no loose parts or short
circuits.

Verify mechanical tightness of screv
and connectors.

applicable) soldering iron. Do not overheat temperature control, solder
parts. wire, and flux.
Keep solder joints clean and shiny. Use solder sucker or wick fo
rework.
PostFitment Check Inspect visually for correct placeme Use inspection lamp,

continuity tester, or
multimeter.

Perform gentle shakeltilt tes
to confirm stability.
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~ 3.1.7 Procedures & Sequences for Assembling RFIERIWIL___
and Bluetooth Modules

Step

1. Preparation

Procedure

- Wear ESD strap and ensure asttitic
workstation.

- Collect modules (RFID tag,-Wj Bluetooth),
PCB, screws, connectors, and casing.

Details / Tools Used

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

2. Identify
Components

- Verify the type of module (RFID /\Ki/
Bluetooth) using labels, datasheet, or
markings.

- Check polarity, pin configuration, and
orientation notch/mark.

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

3. Positioning on PCE

- Align module pins with the corresponding
PCB holes/pads.

- Ensure correct orientation (pith 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 P(
- Avoid excess solder (prevents bridging).
- For plugin modules, ensure socket locks

properly.

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

6. Mechanical
Assembly

- Secure module and PCB to enclosure/houg
using screws, spacers, or brackets.

- Route wires/cables neatly and fix with cablg
ties.

Tools: Screwdriver set,
torque driver, cable ties.

D

7. Inspection &
Testing

- Check visually for correct orientation and
solder joints.
- Perform continuity test for connections.

- Power ON and verify:

w wCL5 GF3 I wSIFRSNJ
w TA Y2RdzZ S h / 2y Yy S
w . fdSG220K Y2Rdz S T

Tools: Inspection lamp,

multimeter, RFID reader,

Wi-Fi router, Bluetooth

test device.

““““ L5®

G§S&aid
gAlK

pia G2
b t I A NA

8. Final Fitment &
Packaging

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

Tools: Screwdriver,
packaging material (ESD
safe bags).

Ny

() XN
NN

D
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- 3.1.8 Describe the Safe and Correct usage pf Assembly Tog
such as Screwdrivers, Pliers, and Tweezers

DIS

Tool Correct Usage Safety Precautions
Screwdrivers § Selecttherighttypeandsize|] 52 y20G dza$S 6NR|lyd aAil S
(flat, Phillips, torque) for the damage screw head.
, screw. 1 Keep handle dry and clean for
! ,./, 9 Hold the screwdriver firmly good grip.
///// ,, and apply straight, even 9 Never use as a chisel or pry bdr.
‘e pressure. 9 Store with tip covers to prevent
//'/(///‘/ 1 Turn gently to tighten/loosen injuries.
g without slipping.
Pliers 1 Use to hold, bend, or cut 9 Do not use pliers on live circuits.
wires/leads. 1! @2AR SEOSaaArgSsS F2NDS
9 Grip the component firmly butf  break component.
gently to avoid damage. 1 Keep cutting edges sharp and
9 Use cutting pliers only for wirg  clean.
(not hard screws). 1 Wear safety glasses when
cutting wires.
1 Used for picking and placing |1 Handle carefully to avoid pokin
small components (resistors, injury.
ICs, SMD parts). 91 Do not squeeze too hard on
9 Hold components from the delicate components.
body, not pins, to avoid 1 Keep tips aligned and clean.
bending. i Store in protective case when
1 Use ESBafe tweezers for not in use.
electronic parts.
~ 3.1.9 Explain the Working Principles and Applications of __
SemiAutomatic and Automated Assembly Tools
Type of Tool Working Principle Applications in Assembly
SemiAutomatic A Operated partly by human A Electric screwdrivers / pneumatic
Assembly Tools effort and partly by machine AONBGSRNADGSNE I ljdza O1 G A:
power (electric or pneumatic)| screws with torque control.

A Worker positions the A Semiautomatic wire cutters/strippers
component/tool, and the M NBY2@3S AyadzZ I GA2Yy GAGE
machine assists in performingA | SI 4 3dzya k a2t RIgNRyYy I &
the task (e.g., tightening, controlled heating for soldering or
pressing, cutting). shrinking sleeves.

o
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Automated A Operate with minimal A PickandLJ  OS NRBo620GAO | NX¥a TIb

Assembly Tools human involvement electronic components on PCB.

A Controlled by programmed| A Automated soldering machines / wave
logic (PLC, CNC, orrobotigs) 42t RSNAY 3 TIh a2t RSNJ Ydzf (AL

A Machine automatically A Conveyoro &SR | aaSyofqd fAYySa

positions, joins, or tests products stepby-step with automated

components as per fastening and testing

instructions. A 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. PrepareaToolChecklist
w Makea list of all tools and equipmentneeded(e.g., screwdriverssolderingiron, multimeter,
pliers,tweezerstorque wrench,ESDwrist straps testjigs)
w Verifyavailabilityagainstthe checklistbefore startingwork.
2. Visuallnspection
A Checkoolsfor anyphysicadamage(cracksoosehandles benttips, frayedwires)
A Ensuresafetyfeatures(like insulatedgripson electricaltools)are intact.
3. OperationalTesting
A Switchon poweredequipment(solderingstation, multimeter, oscilloscopegrimpingmachine)
to confirmit isworking
A Formanualtools, test their movement(pliers grip properly, screwdriversfit snuglyin screw
slots)
4. CalibrationCheck
w Confirmmeasuringnstruments(multimeter, LCRmeter, torque wrench)are calibratedasper
manufactureror organizationaschedule
w Lookfor calibrationstickersshowinglastdate of calibrationandnextdue date.
w If calibrationis overdue,report andreplacewith a calibratedtool.
5. Cleaningand Maintenance
A Removedust,oil, or solderresiduesfrom toolsbefore use
A Ensuresolderingtips are cleanandtinned.
A Applylubrication(if required)to mechanicatools for smoothfunctioning
6. PowerSupplyand SafetyVerification
A Checkhat electricalequipmentis pluggedinto safe,groundedoutlets.
A Verify ESD(ElectrostatidDischargeprotection equipment (wrist straps,mats) are connected
andtested
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7. Record Keeping
A Log tool condition, calibration status, and any replacements in the Tool Maintenance
Register.
A 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

A ESD (Electrostatic Discharge) Always work in
clean,designatedareas Wear an ESDwrist strap
connectedo the ground

A PhysicaHandling Hold PCB®nly by their edges
Wear gloves and protective clothing Use
trays/rackso reducedirecthandling

A Moisture Protection Keep PCBsand parts in
protective bagsuntil assembly Follow date codes
to avoidmoisturedamage

A WorkstationSafety Keepyour areacleanandfree

of dust or liquids Make sure your table is ESD Fig. 3.1.2 Circuit board handling
safe
Storageand Shipping

A StorePCBssper materialtype (e.g., leadfree boardsneedspecialstorage)
A Useanti-staticor shieldedpaddedbagsfor finishedboards
A Protectfrom both staticchargeand physicadamageduringtransport

A 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
chosenandonlythe requiredamountmustbe appliedto avoidexcessesidue

Baking

A Bakingis doneto removemoisturethat PCB®r componentsmay absorbwhen exposedto air.
If not removed, this moisture can causedefects like blistering or crackingduring soldering
Boardsare usuallybakedat 100¢125°Cfor a few hoursbefore assemblyto ensurethey are dry
andreadyfor reliablesoldering
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3.1.12 Elucidate Basic Soldering Techniques, Defect
" |dentification, and Rework Procedures

Soldering Techniques

1. Solderrequiresacleansurfaceon whichcomponentsare attached
w Polishithe copperfoil of aprinted circuitboardwith steelwool prior to soldering
w Removenypaint,wax,oil, etc.with asteelwool, solvent,or fine sandpaper

2. Tobeginsoldering,apply heatto the connectionwith the tip of the solderingiron before applying
the solder

w Applyheatto the connectiorbut not to the solder
w Holdthe solderingron nearthe baseof the handlelike apen
w Thesolderedpartshaveto be hot to buildagoodconnection

Tip of solderingiron Solderwire

Circuit

board Copperpad on board

Leadfrom component

Fig3.1.3: Thetip of the solderingiron heatsboth the copperpadandthe leadfrom the electroniccomponent

3. Placethe solderingtip on the connectionduring the applicationof the solder
w Soldemwill flow onandaroundthe connections
w Useenoughsolderto ensurea stableconnection

4. Takeaway the tip from the connectionas soon asthe solder flows to the desiredplace. First
removethe solderfollowed by the iron

5. Donot displacethe connectionduringthe solderis cooling




ParticipantHandbook

6. Donot applyexcesdo the connection,asit might damagethe electricalpartsoneis soldering

w Transistorandsomeother partsmightbe damagecdy overheatwhensoldering A crocodile
clipshouldbe usedasa heatsinkto preservethesecomponents

Fig3.1.4: Byabsorbingheat,the crocodileclipwill reducethe heatthat flowsto the component

7. Solderingaconnectiontakesjust afew seconds
w Ifit takeslonger,troubleshootasdiscussedbelowin the table

8. Examinethe joint minutely. It shouldappearshiny

w Ifawire (calledthe lead)issolderedonto a PChoard,it shouldtakethe shapeof a volcano
w Ifthe connectionisbad,try againby reheating

Good join ‘
Bad join ‘

Bad join M

m-

Fig3.1.5: Thesolderin a goodjoin will beshapedike a cone with solidcontactbetweenthe solderandall surfacego bejoined.

9. Wipethe tip of the iron on adampspongeto cleanit. Thetip shouldnow be shiny

I
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10. Unplugthe solderingiron whenit isnot in use

Waetting Angle: =
40 to 70 degrees 15 Smooth, Shiny
From horizontal \ Concave Surface

Fig3.1.6: Theidealsolderjoint

- 3.1.13SolderingDefectsand Remedies

Typeof Defect Image Repair Prevention
DisturbedJoint: A Carberepairedwith | Properpreparation,
disturbedjoint has the helpofreheating | involving
beenexposedo andallowingit to immobilisingthe
movementwhen coolundisturbed. joint and stabilising

the solderwasstill
solidifying.Thejoint
surfacemayappear
frosted,rough,or
crystalline.

the workin avicecan
hindersuchjoints.

ColdJoint: Results
from incomplete
meltingof the
solder.lt is often

Canbe repaired by
re-heating the joint
with a hot iron until
the solderflows.

Aproperlypre-
heatedsoldering
ironwith adequate
powerwill helpin

characterisedy Severatoldjoints preventingcold
alumpyorrough alsosufferfrom joints.
surface.Suchoints excessolder.The

arenotreliable.The
solderbondis poor
andmayresultin
cracks irthe joint
overtime.

excessoldercan
generallybe drawn-
off with the tip of the
iron.

R
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Typeof Defect Repair Prevention

OverheatedJoint: Canb(_a repairedby A hot,clean,
cleaning Careful C

Here,the solder . . solderingron,
scrapingwith a .

hasnot yet flowed A appropriate

i 1 Y A fipDLxdittle i
wellandthe residue . preparationand
: isopropylalcoholand .
of burnt flux will . cleanjoint can
. S asofttoothbrushwill
makefixingthis joint preventoverheated
- takeawaythe burnt | .

difficult. joints.
flux.

InsufficientWetting

(Pad):Thesgoints

showsignsof

inadequatelywet

solderpad.The Canbe repairedby .

solderhasbeenable placingthe tip of the | C1€@ninghe board

to wet the leadsput
it hasnot createda
stable bondwith the
pad.Thisis causedy
adirty circuitboard
or byfailingto apply
heatto the padas
well asthe pin.

hotiron at the joint
baseuntil the solder
flowsto coverthe
pad.

andheatingboth the
padas wellasthe
pin canpreventthis
problem.

InsufficientWetting
(Pin):Thesolderin
thisjoint hasonly
beenableto partially
wet the pad.Thepin
wasnot sufficiently
heatedandthe
solderwasnot given
sufficienttime to
flow.

Canberepairedby
re-heating andusing
moresolder.Ensure
that thetip of the
hot iron touches
boththe padandthe

pin.

Heatingboth the
padandthe pincan
preventthis problem.
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Typeof Defect Repair Prevention
Insufficient Wetting Canbe repairedby Thepadmustbe
(SurfaceMount): heating the solder | heatedfirst.
Thesolderhasnot p?th|_th the t'g
flowedonto the . tlei::onc’)%r:aruntil
solderpad.Thisis .tﬁzlpy gsd it
the resultof heating : | owsf':lgthme T q
the pininsteadof the aonhng_ € solder
pad. onthe pin.

SolderStarved: Addmoresolderand | N/A
Asolderstarved re-heatthe jointto

joint doesnot have
adequate solderThis
maylead to agood
electricalcontact,
butit istoughto
verify by checkinglt
isaweak jointand
mayleadto stress
crackovertime.

makea strongjoint.

= 3.1.14 How to Check Availability of Parts, Tools, and
Components

1. Readthe AssemblySpecifications
A Gothroughthe assemblysheetor instructionscarefully.
A Notethe list of parts,tools,and componentsrequired
2. CollectAll Parts
A Identify the parts(e.g., circuitboards resistors screwswires,connectors)
A Checlquantity andtype asmentionedin the list.
3. CheckToolsand Equipment
A Ensurethe requiredtools (screwdriverspliers,solderingiron, tweezers etc.) are available
A Verifythat tools arein workingcondition
4. Verify Components
A Crosscheckcomponents(ICs,modules,capacitors,batteries, etc.) with the bill of materials
(BOM)
A Ensurecorrectrating, size,andpolarity where applicable
5. Arrangefor Missingltems
A If anypart or tool is missingor damagedreport to supervisoror storein-charge
A Replaceor arrangebefore startingassembly

o
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- 3.1.15 Show How to Arrange Parts and Sadsemblies in The,
Correct Sequence for an Efficient Workflow. How to Arrange
Parts and SulAssemblies in Correct Sequence

W

1. Studythe Assemblyinstructions
A Checkhe assemblydrawingor manualto understancthe order of operations
2. LayOut PartsClearly
A Keepmainparts,sub-assembliesand smallcomponentson the workbenchin order of use
A Placerequentlyuseditemswithin easyreach
3. FollowLogicalSequence
A Startwith the baseor mainboard
A Add sub-assembliesstep by step (e.g., mount PCBhconnectwires Mattach modulesIfix
casing)
4. UseTraysor Bins
A Keepscrewsnuts,and smallcomponentsn labeledcontainergo avoidconfusion
5. CheckFit BeforeAssembly
A Ensuresub-assembliesire completeandtestedbefore movingto 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 electrical circuit or system It usessymbolsto

show each component and its various connections These schematicsdrawings help engineers,
electricians,and techniciansunderstand how a specific systemworks Schematicsfor a PCBare
extremelyhelpful for complicatedsystems

DIFFERENT TYPES OF SCHEMATIC DIAGRAMS

Circuit Block Wiring Logic
Schematics Diagrams Diagrams Diagrams
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Followonnections

Linesrepresentwiresthat connectcomponents Thesdinesshowthe path of electricalcurrent
Nodes Pointswherewiresconnectmarkedby a dot.

CrossingsWherelinescrosswithout a dot, indicatingno electricalconnection

Readthe Labels

Labelgprovidecrucialinformationaboutcomponentsandtheir values

ReferenceDesignators Alphanumericlabelslike Rl (resistor),ClL (capacitor),or Q1 (transistor)link
the schematido the physicabartson abill of materials(BOM)or a printed circuitboard (PCB)
ComponentValues Specifythe component's electrical properties (e.g., resistancein ohms 6 m 0
capacitancen farads(F),or voltageratings)

Understandthe PowerSupply
Everyschematicshowsthe power source,typicallyrepresentedby symbolslike VCCor + for positive
voltageand GNDfor ground,whichisthe zerovoltagereferencepoint.

- 3.1.17 Show How to Perform Basic Quality Checks to Verify
Correct Assembly Before Moving to the Next Stage

BasicQuality CheckBeforeNext Stage
1. Visuallnspection
A Checkf all partsarefitted in the right place
A Ensurethere are no looseor missingcomponents
2. Polarity & Orientation
A Verifythat polarizedcomponentgdiodes capacitorspatteries)are placedcorrectly.
3. ConnectionCheck
A Confirmwires,connectorsandsolderjoints are secureand not damaged
4. Cleanliness
A Makesurethe assemblys free from dust, excesglux, or soldersplashes
5. FunctionTest(if required)
A Performa basiccontinuity checkusinga multimeter to confirmproper connections
6. Documentation
A Markthe completedcheckandreport anydefectbefore sendingto the nextstage
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- 3.1.18 Demonstrate the Use dbt Sensors to Track Assembly
Items and Ensure Placement Accuracy and Efficiency

loTsensordhelptrackassemblyparts,confirmcorrectplacementandimproveefficiencyon the line.
DemonstrationSteps
1. AttachloTTags/Sensors
A FixRFIDags,QRcodes,or smallloTsensorson componentsor trays.
2. ScanComponents
A Usean RFID/QRcanneror loTreaderto identify partsbefore assembly
A Thisensureshe right part is picked
3. CheckPlacementAccuracy
A loTsensorsverify if the componentis placedin the correctslot/location.
A Alertsor signalsshowerrorsimmediately
4. Monitor Workflow
A Datafrom sensorss sentto a centralsystemor display
A It trackswhichitemsare completedandwhichare pending
5. ImproveEfficiency
A Reaitime trackingreduceserrors,rework,anddelays
A Helpsmaintainsmoothflow in the assemblyine.

- 3.1.19 Show How to Operate Robotic Process Automation—
(RPA) Tools for Automated Pick and Place Assembly

RoboticProcessAutomation (RPAYools in assemblyuse robotic armsand softwareto pick partsand
placethem accuratelyreducingerrorsand speedingup production
DemonstrationSteps
1. PowerOné& SafetyCheck
A Switchon the robotic arm andcontrol system
A Ensuresafetyguardsandemergencystoparein place
2. LoadComponents
A Placecomponentsn trays,feeders,or magazinesvherethe robot canaccesshem.
3. SetPickand-PlaceProgram
A Usethe control softwareto loador selectthe assemblyprogram
A Definecoordinates Pickpoint MhPathlhPlacemenpoint.
4. Calibratethe Robot
A Runatestmovementto checkalignment
A Adjustgripperstrengthand speedasneeded
5. Start Automated Operation
A PressStart/Runto let the robot pickcomponentsand placethem on the PCBor sub-assembly
A Monitor for accuracy(usingsensorr visionsystems)
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6. Quality Verification
A Observef all partsare correctlyplaced
A If anerror occurs stopthe system fix the issue andrestart
7. ShutDown Safely
A Oncecomplete stopthe operation,switchoff the power,and cleanthe work area

- 3.1.20 Demonstrate how to use Machine Vision Systems foy
Realtime Quality Inspection and Defect Detection

Machine vision systemsuse camerasand software to automatically check parts during assembly,
ensuringaccuracyanddetectingdefectsearly.
DemonstrationSteps
1. SetUpthe System
A Positionthe machinevisioncameraaboveor besidethe assemblyine.
A Connecit to the inspectionsoftware/displaysystem
. Calibratethe Camera
A Adjustfocusandlightingfor a clearview of components
A Definereferenceimagesor standardgcorrectshape size orientation).
. Runthe Inspection
A Ascomponentsmoveon the assemblyine, the cameracapturesimagesin realtime.
A Thesoftwarecompareghem with the storedreference
. DetectDefects
A Thesystemhighlightserrorssuchas
0 Missingcomponents
o Misalignedplacement
o Solderingdefects
o Wrongpart orientation
5. TakeAction
A If adefectisfound, the systemgivesan alert (sound/lightsignal)
A Thedefectivepiececanbe removedor correctedbefore movingahead
6. Record& Report
A Inspectiorresultsare loggedautomatically
A Helpsin quality trackingandreducingrepeaterrors.

N
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_ Exercisgig

Multiple ChoiceQuestions(MCQ)
1. Inaschematidiagram,atrianglepointingto aline represents
a) Resistor
b) Diode
c¢) Capacitor
d) Inductor
2. Whichof the followingis usedto verify correctcomponentplacementin reaktime?
a) Screwdriver
b) MachineVisionSystem
¢) Solderingron
d) Multimeter
3. loTsensorsare usedin assemblyinesmainlyfor:
a) Generatingpower
b) Heatingcomponents
¢) Trackingtemsand placementaccuracy
d) Cuttingwires
4. In RPAbasedautomatedpick-and-place,the roboticarm movementis definedby:
a) Randonselection
b) Preprogrammedcoordinates
c)h LIS NJ héari Ndvuement
d) Trialanderror
5. ThesymbolGNDin a schematiaiagramrepresents
a) Positivevoltage
b) Ground/negativeerminal
c) Resistowvalue
d) Transistoterminal

Fillin the Blanks
1 A symbolin a schematidiagramis shownaszigzadinesor rectangles
2. Inapick-and-placesystem partsare usuallyplacedin or feedersfor the roboticarm.
3. Machinevisioncamerasomparereaktime imageswith standardgo detectdefects
4. loTsensorsuchas tagsare often usedto trackassembly}components

ShortQuestions
1. Whyisit importantto perform basicquality checksbefore movingto the nextassemblystage?
2. Write two advantage®f usingmachinevisionsystemsn telecomassembly
3. Explairbriefly how loTsensorshelpin ensuringefficiencyon the assemblyine.

True/ False
1. Inschematidiagramswirescrossingvithout a dot meansthey are connected
2. RPAoolsin assembhhelpreducemanualerrorsandimprovespeed
2. Machinevisionsystemsandetectmisalignedr missingcomponents
3. Resistovaluesin schematicare usuallygivenin farads

JUUL
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UNIT3.2: Managing Production and Pogtssembly Activities

- Unit Objectives |©

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

1. Explainthe fundamentalsof voltage, current, resistance and power measurementin telecom
equipment

2. Describehe interpretationof electroniccircuit diagramsschematicsand assemblydrawings
Discusshe assemblyandtestingof telecomRFcircuits,power suppliesand multiplexers

4. Determinethe identification, pin configuration,and specificationsof connectors,cables,and
wiresusedin telecommanufacturing

5. Elucidatethe role of IoT,RPAand SMTin modern assemblylines for enhancedefficiencyand
accuracy

6. Explairthe applicationof ARbasedinteractivetoolsfor assemblyrainingandtroubleshooting

7. Discusghe implementation of machinevision for defect detection and processvalidation in
telecomproduction

8. Describethe waste managementand disposalprotocols for hazardousmaterialsin telecom
manufacturing

9. Demonstratehe safedisposabf hazardousandnon-hazardousvastein designatedareas
10. Demonstratehow to useERRPsystemdo track materialsand scheduleproductionefficiently.
11. Showhowto logcomponentusageaccurateljto maintainproper stocklevels

12. Demonstratethe procesf coordinatinginventorymanagementvith productionteams
13. Showhow to conductintermediateandfinal compliancecheckgor assemblyerification

14. Demonstratehow to securethe workstation by removingloose componentsand consumables
postassembly

15. Showhowto reconcileusedcomponentswith issuednventoryanddocumentdiscrepancies
16. Demonstratethe correctstore proceduredor returningunusedcomponentsandtools.
17. Showhowto maintainproperdocumentationof completedwork andinventoryusage

18. Show how to align assemblyprocesseswith ISO/IEC9001 quality managementand 27001
informationsecuritystandards

- 3.2.1 Fundamentals of Electrical Measurement

Understandinghasicelectricalconceptsis crucialfor workingwith telecomequipment Here'sa look at
the keyfundamentals

&
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A Voltage (V). Thisis the electrical potential difference between two points. Think of it as the
pressurethat pusheselectricchargethrough a circuit. It is measuredn Volts (V). Youcanmeasure
it usinga voltmeter by connectingthe probesin parallel acrossthe two points. For example,a
standardAAbattery hasavoltageof 1.5V.

A Current (1): Thisis the flow rate of electric charge Imagineit asthe volume of water flowing
througha pipe. It ismeasuredn Amperes(A). To measurecurrent,an ammetermustbe placedin
serieswith the component,breakingthe circuitto allowthe currentto flow throughthe meter.

A ResistancéR) Thisis the oppositionto the flow of electriccurrent It's like a constrictionin a pipe
that slowsdown water flow. It is measuredin Ohmso m A multimeter can be usedto measure
resistancevhenthe components not poweredon.

A Power (P} Thisis the rate at which electricalenergyis consumedor produced It's the product of
voltage and current (P=MI). It is measuredin Watts (W). Power tells you how much energya
deviceusesovera periodof time.

- 3.2.2 Interpreting Electronic Diagrams

Electronicdiagrams schematicsand assemblydrawingsare the blueprintsfor buildingand repairing
telecomequipment
A Circuit Diagrams/SchematicsTheseuse symbolsto represent components(e.g., resistors,
capacitors, transistors) and lines to show how they are interconnected They explain the
circuit'sfunctionalityandare essentiafor troubleshooting
A AssemblyDrawings Theseshowthe physicallayout of componentson a Printed CircuitBoard
(PCB)r within an enclosure Theyare usedto guidethe physicalassemblyprocess,showing
whereeachcomponentis placedandhow t is oriented.

- 3.2.3 Assembly and Testing of Telecom Circuits

Assemblingindtestingkeytelecomcircuitsrequiresprecisionandattention to detail.

A RF(RadioFrequency)Circuits Thesecircuitshandlehigh-frequencysignals Assemblyrequires
careful solderingto avoid damagingcomponentsand maintainingproper signalpaths Testing
involvesusing specializedequipment like spectrumanalyzersor network analyzersto check
signalquality, powerlevels,andfrequencyresponse

A PowerSupplies ThesecircuitsconvertACpower to the DCvoltagerequired by the equipment
Duringassembly it's crucialto correctly install componentslike transformers,rectifiers, and
capacitors Testinginvolvesverifying the output voltage and current stability under different
load conditions

A Multiplexers: Thesecircuitscombinemultiple low-speedsignalsinto a singlehigh-speedsignal
Assemblyrequires precise alignment of components Testingfocuseson verifying that the
multiplexercorrectlycombinesand separatessignalsvithout datalossor distortion.
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- 3.2.4 Connectors, Cables, and Wires

Properidentificationand use of connectors cables,and wires are fundamentalto successfutelecom
manufacturing

A Connectors Theseprovide a a reusableway to join electricalcircuits Pinconfigurationrefers
to the specificarrangementof pins and sockets,which ensuresthat cablesare connected
correctly. Specificationsinclude the type of connector (e.g., Ra5, coaxial), its gender
(male/female)andits numberof pins

A Cables Cablesare groupsof wires bundledtogether. Keyspecificationgncludethe number of
conductors,shieldingtype (e.g., braided, foil), and impedance Correctlyidentifying and using
the right cablefor an applicationis criticalfor signalintegrity.

A Wires Wires conduct electricity. Their specifications include gauge (thickness), which
determinescurrent capacity,and insulationtype. The color codingof wires is standardizedo
indicate their function (e.g., red for positive, black for ground) You must match these
specificationgo the requirementsof the circuit.

- 3.2.5 Role of 10T, RPA, and SMF

Modern assemblylines use technologieslike 0T, RPA and SMTto significantlyboost efficiencyand
accuracy Thesetechnologiesautomate tasks, provide reattime data, and improve quality control,
creatinga more streamlinedandreliableproductionprocess

A Internet of Things(loT) IoT usessensorsand network connectivityto collect reattime data
from machinesand components on the assemblyline. This data is used for predictive
maintenance alerting techniciansto potential equipmentfailures before they happen,which
drasticallyreducesunexpecteddowntime. loT alsoenablesreaktime monitoring of production,
allowingmanagerdo identify and correctbottlenecksinstantly.

A RoboticProcessAutomation (RPA) RPAusessoftware bots to automate repetitive, rule-based
tasks In assemblylines, this can involve managinginventory, tracking components, and
generatingreports. For physicaltasks,a type of robot calleda cobot (collaborativerobot) can
work alongside human operators to perform precisionoriented, repetitive tasks like
componentplacementor solderingwith highaccuracyreducinghumanerror andfatigue.

A SurfaceMount Technology(SMT) SMTis a method for assemblingelectronic circuits where
componentsare mounted directly onto the surfaceof a PCB Thistechnologyis essentialfor
creating high-density, compactelectronic productslike smartphonesand telecom equipment
SMTmachinesare highly automated, placingcomponentswith extreme precisionand speed,
far exceedingvhat'spossiblewith manualassembly
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- 3.2.6 AR for Training and Troubleshooting

Augmented Reality (AR) revolutionizesassemblyline training and troubleshooting by overlaying
digital information onto the real world. Thisprovideshandson, contextualguidancewithout needing
physicaimanualsor constantsupervision
A AssemblyTraining ARtools, often usedwith smartglassesr tablets, can project 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 Thisreducesthe learningcurve and minimizes
errorsfor newtechnicians
A TroubleshootingWhena machinebreaksdown, ARcan assistby providinga visualoverlayof
technical data, such as reakttime sensor readings, part numbers, or a machine'sinternal
schematicsA techniciancanuse an ARdeviceto point at a faulty part and seeits history and
potential repair stepsimmediately,which speedsup diagnosisand repair, significantlyreducing
downtime.

- 3.2.7 Machine Vision for Quality Contret

Machinevision systemsuse cameras lighting, and advancedsoftware to perform automatedvisual
inspections In telecom production, they are critical for ensuring product quality and process
validation

A DefectDetection Thesesystemscan inspectproductsat high speedsidentifying defectsthat
are often invisibleto the humaneye ForatelecomPCBa machinevisionsystemcancheckfor:

0 Misalignedcomponentsor missingparts.

o Surfaceflawslike scratchesr cracks

o Impropersoldering,suchassolderbridgesor voids Thesystemcompareseachproductto
a pre-programmed"golden sample"and flags any deviations,ensuringevery item meets
quality standardsbeforeit leavesthe productionline.

A ProcessValidation Machine vision validates that each step of the assembly processis
completedcorrectly. Forexample,it canconfirmthat all screwsare in placeandtorquedto 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
providesadigitalrecordfor quality assurance
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- 3.2.8 Waste Management and Disposal Protocets

In any manufacturingprocess,especiallyin telecommunicationsijt's crucialto properly handle and
disposeof waste Thisprotectsyou, your co-workers,andthe environment Thereare two maintypes
of waste hazardousandnon-hazardousBothrequire specifichandlingprocedures
HazardoudVaste
Hazardousvasteis any materialthat canbe harmfulto humanhealth or the environment In telecom
manufacturingthis oftenincludes
A ChemicalsSolventsadhesivespaints,andcleaningagents
A Batteries Usedlithium-ion or nicketcadmiumbatteriesfrom devices
A Electronic Waste (Ewaste) Circuit boards, faulty components, and other electronics
containingheavymetalslike lead,mercury,or cadmium
A Contaminated materials Rags,gloves,or other materials that have absorbed hazardous
chemicals
DisposalProtocols
Disposingof hazardouswaste correctly is a legal requirement and a safety priority. Follow these
protocols
1. Identification: Alwayscheckthe SafetyData Sheet(SDS¥or any chemicalyou are using The
SD$%rovidesinformationon howto handle,store,anddisposeof the material
2. Segregation Never mix hazardouswaste with other waste Use clearly labeled designated
containers Forexample,a containerfor old batteries shouldbe separatefrom a containerfor
chemicalsoakedrags
3. Storage Keephazardouswaste in secure,well-ventilated areasaway from heat sourcesand
foot traffic. Containeramust be leak-proof and clearlylabeledwith the contentsand a hazard
warning
4. Disposal Hazardousvaste must be collectedby a licensedwaste managementcompany You
are responsiblefor ensuringthe wasteis placedin the correctcontainersfor pickup Neverput
hazardousvastein regulartrashbins
Non-HazardoudVNaste
Non-hazardousvasteis material that doesn't posea significantthreat to health or the environment
In atelecomplant, thisincludes
A Packagingnaterials Cardboardoxes plasticwraps,and Styrofoam
A Scrapmetal: Metal off-cutsandwiresthat are free of contaminants
A Paperandofficewaste
DisposalProtocols
Properdisposabf non-hazardousvasteoften involvesrecyclingand generalwastebins.
1. Recycling Placeall recyclablematerials (cardboard, clean plastics,and paper) in the bins
markedfor recycling
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WASTE
S RECYCLING

: PAPER
GLASS
PLASTIC
ORGANIC

METAL

Fig 3.2.1 Recyclingnaterialsproducedduringmanufacturingprocess

2. GeneralWaste Usethe generalwaste bins for materialsthat cannot be recycledor are not
hazardousThismightincludefood wrappersor other non-recyclablerash.

3. Compaction In somecasesnon-hazardousvastelike cardboardmaybe compactedo savespace
before beingcollectedfor recycling

Demonstrationof SafeDisposal
Let'swalkthrougha practicalexampleof howto disposeof both typesof waste
Scenario You have just finished a task that involved solderinga circuit board and unboxing new
componentsYouhavean old, faulty circuitboardand somecardboardpackaging
1. CircuitBoard(Hazardous)
A Thisise-waste,soit's hazardous
A Findthe designatede-wastebin in yourwork area Thisbin shouldbe clearlylabeled
A Carefullyplacethe circuitboardinto the bin. Donot forceit or throw it in.
2. CardboardPackagindNon-hazardous)
A Thisisrecyclable
A Breakdownthe cardboardboxto makeit flat. Thissavesspace
A Placethe flattened cardboardinto the recyclingbin labeledfor cardboard
Byfollowingthesesimplebut criticalsteps,you contributeto a safer,more sustainablevorkplace A

- 3.2.9 Material Tracking and Production Schedulirg

An ERPsystem'score functionis to providea singlesourceof truth for all businessdata. Formaterials
and production, this meansevery component,from raw materialsto finishedgoods,hasa unique ID
andistrackedthroughits lifecycle

o
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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. MRPRun The ERP'sMIRP module takes the forecasteddemand and breaksit down into the
requiredraw materialsand componentsfactoringin the bill of materials(BOM) TheMRPmodule
checkscurrent inventory levels and open purchaseorders to determine what needsto be
procured It generateplannedordersfor productionand purchaserequisitionsfor materials

3. Production Scheduling Basedon the plannedorders from the MRPrun, the ERP'roduction
planning module schedulesthe manufacturing process It considers resource availability
(machines]abor), lead times, and capacityconstraintsto create a realistic production schedule
Thescheduldsthen sharedwith the productionteamviaa work order.

4. Material Issuance The production team receivesthe work order and usesit to request the
necessarynaterialsfrom the warehouse When materialsare issued,the warehousestaff scans
the unique material ID, and the ERPsystem automatically deducts the materials from the
inventorycount Thisreakime updatepreventsstockdiscrepancies

LoggingComponentUsageto Maintain StockLevels

Accurate component usage logging is crucial for maintaining proper stock levels and ensuring

productioncontinuity. TheERPsystemautomatesthis processminimizinghumanerror.

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's bill of materials
(BOM)

2. Backflushingand Material Issuance

A Manual Issuance Before production starts, materialsare physicallymoved from inventory
to the productionline. A warehouseworker scansthe materials'unique barcodesor RFID
tags The ERPsystemregistersthis transaction,decreasinghe inventory quantity for those
specificcomponents

A Backflushing Thisis a more automated method. Oncethe finished product is completed
and reported in the ERPthe systemautomaticallydeductsthe componentquantitiesfrom
inventory based on the BOM This is highly efficient for highvolume, repetitive
manufacturingwhere everyunit usesthe samecomponents

3. RealTime StockUpdates Everymaterialissuanceor backflushtransactionis loggedin the ERP

This provides a reakttime view of inventory levels The system can be configuredto trigger
automated alerts when a component's stock level drops below a predefined safety stock or
reorderpoint. Thispromptsthe purchasingdepartmentto placenew orders

137




g ParticipantHandbook

- 3.2.10 Coordinating Inventory Management with Productien
Teams

An ERPsystemacts asthe central nervoussystem,connectingthe inventory and production teams
andensuringthey are alwaysworkingwith the same up-to-date information.

1. SharedDashboardsand Reports Both teamscanaccesshareddashboardghat displaycritical
metrics like current stock levels, production scheduleadherence,and material availability This
eliminatesinformationsilosand ensuregransparency

2. Automatic Notifications and Alerts: The ERPsystemusesautomatednotificationsto coordinate
activities Forexample
A Whenanewwork order s releasedthe productionteamis notified.

A Whenacomponent'sstockis low, the purchasingand productionteamsare alerted.
A If there's a delay in a material shipment, the production schedulecan be automatically
adjusted,andthe productionteamis notified.

3. Unified DataEntry. All transactions from receivingnew materialsto shippingfinishedgoods
are enteredinto the samesystem Thisensureshat the inventory numbersthe productionteam
sees are the same as the ones the warehouse and purchasingteams see, preventing
discrepancieandimprovingdecisionmaking

- 3.2.11 Intermediate and Final Assembly Checks

A. Intermediate CheckgDuringAssembly)
Thesecheckshelp catchmistakesearlyandavoidrework
A Visuallnspection
o How: Lookcloselyat sub-assembliege.g., PCBnountedon chassis)
o ChecKor: Loosescrewswrongparts,bentleads,or cracks
o Why. Smallerrorsat this stagecancausebiggerfailureslater.
A TorqueCheck
o How: Usea calibratedtorque screwdriver Applythe requiredtorgue on screws/nuts
o Why: Tooloose=vibrationissuesTootight =damagedarts.
A ConnectivityCheck
A How: Usea multimeter or continuitytester. Touchprobetipsto both endsof the wire/track.
A What to Look for: Correctcontinuity (beep/signal)i good connection no beep ' open
circuit, continuousbeepwherenot expected hshortcircuit
A Why: Ensuresorrectwiring andavoidsshortcircuits

B. FinalCheckgBeforeTesting/Packaging)

A CompleteVisualCheck

o How. Scanthe whole assembly Check connectors, fasteners, labels, and cosmetics
(scratchessmudges)

0 Why: Lastchanceto correctassemblyor qualityissues

A WorkOrderVerification
o How: Compareproductwith Work Order(WO)andBOM
o ChecKor: Allcomponentsnstalled,correctquantity, correctpart number.
o Why: Preventamissingor extraparts.
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DocumentationSigroff
A How: Signanddate the travelersheet/WOQafter inspection
A Why: Confirmsaccountabilityandreadinesdor quality testing

Securinghe Workstation (5SMethod)
A Sort Removeools, parts,andscrapsnot needed
A Setin Order. Arrangetoolsin properholdersor racks
A Shine Wipe surfacesremovedustanddebris
A Standardize Followthe samesetupeverytime.
A Sustain Keepthe workstationorganizedasa habit.
A cleanworkstation=fewer mistakest saferhandlingof telecomcomponents

ReconcilingComponents& ReturningUnusedMaterials
w ReconcildUsedComponents
0 Countusedpartsvs. issuedparts.
0 Recordusagein travelersheetor ERP
0 Reportanymismatchimmediately
w ReturnUnusedComponents
o Stepl: Fillreturn slip/ ERRentry with part number,qgty, batchno.
0 Step2: Repackn original/ESBsafepackaging
0 Step3: Labelcorrectly(part no., qty, batch)
0 Step4: Returnto stores
Thisavoidsshortagesyaste,andstockmismatch

Maintaining ProperDocumentation
A TravelerSheet/ Work Order
0 Signanddate eachcompletedstep.
o Showswho did whatandwhen.

A ERPSystemUpdates
o Lodfinishedunitsandconsumeccomponents
0 Keepsstockupdatedin realtime.

A DiscrepancyReporting
0 Recorddamagedpartsor missingcounts
0 Helpsqualityteamfix root cause
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Quiality and SecurityStandards

A 1S09001(Quality Management)
o FollowSOP$or uniformwork.
0 Maintainaccuratedocumentationfor audits
o Logworkfor traceability(who did whichassembly)

A 15027001 (Information Security)
0 Handlesensitivecomponentqencryptedchips,storage)with extracare
o Workonlyin authorizedcontrolledareas
0 Keepdocumentssecureno unauthorizedaccess
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Multiple ChoiceQuestions(MCQ)
1. Voltageis measuredn:
a) Amperes
b) Ohms
c)Volts
d) Watts
2. Whichdocumentshowsthe physicalplacementof componentsona PCB?
a) Circuitdiagram
b) Assemblyrawing
c) Travelersheet
d) ERRlashboard
3. Whichtechnologydirectly mountselectroniccomponentsonto the PCBsurface?
a)RPA
b) loT
Cc)SMT
d) AR
4. In ERPBackflushingmeans
a) Returningunusedmaterialsto stores
b) Automaticdeductionof materialsfrom inventoryafter productcompletion
¢) Manualissueof materialsfrom warehouse
d) Cleaningcomponentsbeforeassembly
5. WhichlSOstandardfocuseson Information Security?
a)1S014001
b) ISO9001
€)1SO27001
d) ISO45001

ShortQuestions
1. Explain the difference between voltmeter and ammeter in terms of measurement and
connectionin a circuit
2. Whyistorgue checkingmportantin telecomassembly%iveone example
3. Howdoesmachinevisionhelpin quality controlduringtelecomPCBoroduction?

Trueor False
1. Resistancés measuredn Ohmso m 0
2. ARtoolscanonlybe usedfor troubleshootingnot training.
3. Hazardousvastelike faulty PCBsnustbe disposedf in generalbins
4. ERPRsystemdhelp coordinatebetweenproductionandinventoryteams

JUUL

Fillin the Blanks
1. Theunit of poweris .
2. diagramsausesymboldo representelectroniccomponents
3. The5Smethod for workstationmanagemenincludesSort, Setin order, Shine,Standardizeand

4. technologyis usedin assemblylinesto placecomponentson PCBswith high speed
andprecision
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— KeyLearningOutcomes | ¢

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

1. Explain the process of assembling mobile phone accessories while ensuring compliance with
industry standards.

2. Discuss the key guality inspection and testing methods used in mobile phone accessory
manufacturing.

3. Describe the essential peassembly activities required for packaging and finalizing mobile phane
accessories.
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UNIT4.1: Mobile Accessories and Electronic Concepts

- Unit Objectives |©

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

1. Explainthe types, functions, and basic specificationsof mobile phone accessoriessuch as
chargersgcablesbatteries,andaudiodevicesalongwith their keycomponents

2. Elucidate the fundamental concepts of electronic circuits, including voltage, current, and
resistanceandtheir role in the functionalityof mobileaccessories

Describehe relevantindustrystandardsand basicregulatoryguidelines suchasBIScertification
Demonstrate the process of assemblingmobile phone accessoriesaccordingto technical
diagramsand processspecifications

Showhow to ensure correct positioning and secure connectionof electronic and mechanical
partsduringassembly

Describethe basicworking principlesand safe operation of specializedools suchas crimping
tools, ultrasonicwelders,and semiautomated/automatedassemblysystems

Demonstrate the use of appropriate tools such as screwdrivers,crimping tools, ultrasonic
welders,andautomatedassemblymachines

—4.1.1 Basic Specifications of Mobile Phone Accessories

Mobile phoneaccessorieplay a crucialrole in enhancinghe functionality, usability,and convenience
of mobile devices Commonaccessoriesuch as chargers,cables,batteries, and audio devicesare
essentialfor daily operationg enablingcharging,data transfer, communication,and entertainment
Understandingheir types,functions,specificationsand internal componentsis important for anyone

involvedin mobilerepair,assemblypr supportservices

Accessory Types Functions Basic Specifications Key Components
Charger Wall charger, fast | Converts AC to DCf Input: 106;240V Transformer,
charger, wireless | provides regulated | ACOutput: 5V/1A | rectifier, voltage
charger, car charge| voltage for charging| (basic), 9V/2A or | regulator, USB
more (fast ports, protective ICq
charging)Power (for
rating: 10W to overcurrent/overvol
65W+ tage)
Cable USRBA to Micro USB] Transfers power an{ Length: 0.5 to 2 Copper wires,
USBA to USEC, data between metersData speed: | data/power lines,
USBC to USEC, devices; supports | USB 2.0 (480 Mbpsg| shielding,
Lightning charging, syncing, |USB 3.0 (6 connectors (USE,
OTG Gbps)Charging: Micro USB,
Supports 245A Lightning), outer
insulation
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Battery

Lithium-lon (Liion),
Lithium-Polymer (L-i
Po)

Stores energy;
powers the mobile
device

Voltage: 3.7V to
4.4V Capacity: 30@0
6000mAhCycle life:
300500 cycles

Electrodes (anode 4
cathode),
electrolyte, BMS
(Battery
Management
System), connector
terminals

Audio Devices

Wired
earphones/headphg
nes (3.5mm, USB),
wireless
earbuds/headphong
s, Bluetooth
speakers, neckband

Audio output for
music/calls; mic
input in headsets;
wireless playback
via Bluetooth

Impedance: 1§32
ohmsFrequency
response: 20Hz
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

Concept

Definition

Role in Circuits

— 4.1.2 Concepts of Electronic Circuits, Voltage, Current, an,
Resistance, antheir Role

Electroniccircuits are the backboneof all modern electronics,includingthe mobile accessoriegou
useeveryday. Tounderstandhow they work, you needto graspthree fundamentalconcepts voltage,
current, and resistance Theseprinciples,governedby Ohm'sLaw, dictate how electricity flows and
how componentsnteract

Relevance in
Mobile Accessories

charge (electrons)
in a circuit. It
represents how
much charge
passes through a
point in the circuit
per second.

Voltage (V) The electrical Volt (V) Acts as the driving| Mobile chargers
potential force that moves | supply a specific
difference betweer electrons through g voltage (e.g., 5V,
two points. It is the circuit. 9V) to charge the
force that pushes phone battery
electric charges safely and
through a efficiently.
conductor.

Current (1) The flow of electrid Ampere (A) Determines how | Charging cables

much electricity is
flowing. High
current may power
stronger
components, but
excess current car
cause damage.

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 tha]
a material offers to
the flow of electric
current. Higher
resistance means
lower current flow.

hKY om0

Controls and limits
the amount of
current flowing in g
circuit to protect
components.

Audio devices hav
specific resistance
(impedance) for
proper sound
output. Resistors ir
chargers help

regulate safe
current levels.

Table 4.1.2 Concepts of electronic circuits, including voltage, current, and resistance

Mobile accessoriedike chargers,power banks,and headphonesrely on these conceptsto function
properly.

A Chargersand Cables A charger'scircuitry regulatesthe voltageand current deliveredto your
device It takesthe ACpower from an outlet, convertsit to DC,and stepsdown the voltageto a
safelevel (e.g., 5V). Thecable'sinternal wires havelow resistanceto minimize power lossand
heatgeneration

A Power Banks A power bankis essentiallya battery with a circuit that manageschargingand
dischargingThecircuitmonitorsthe battery'svoltageand controlsthe currentflow to andfrom
your phone,protectingboth devicesfrom damage

A Headphonesand SpeakersHeadphonesonvertelectricalsignalsinto 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
your phone

—4.1.3 Bureau of Indian Standards (BIS)

The BISis the most important standard for anyone working with electronicsin India It's the
governmentbodythat setsthe rulesfor productsafetyand quality.

[ —

HI-Td: T

R - X000

Fig4.1.1BISLogo

A The BIShas a CompulsoryRegistrationScheme(CRSYor many electronics, including mobile
phones,chargers,power banks,and batteries Thismeansthat before a manufacturercan sell
theseproductsin India,they mustbe registeredwith the BIS

A Asaassembleryou'll often seethe BlSlogo on the productsyouwork with. Thislogois a signthat
the product has beentested and meets specificsafety standards If you are repairinga product,
you shouldbe awareof the BlSstandards Forexample,chargeramust meet specificstandardsfor
electricalsafetyto preventfire or electricshock
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Step

1. Understanding
Technical Diagrams

Description

Read and interpret
circuit diagrams, wiring
layouts, and mechanica
drawings.

Key Actions

Identify component
placement, wiring paths
voltage/current ratings,
connector types.

LineAssembler TelecomProducts g

- 4.1.4 Process of Assembling Mobile Phone Accessories—

Tools/Equipment Used

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 statidree, 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 an
Terminals

Route and fix wires to
the correct terminals as
per wiring diagrams.

Use color coding and
tags for identification.

Crimping tool, tweezersg|
insulation tape

6. Mechanical Assembl

Fit housing/shells,
covers, clamps, and
strain relief.

Align components, fix
with screws or snaps.

Screwdriver, torque
driver, alignment jig

7. Inspection and Testir]

Conduct functional testg
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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—-4.1.5 Ensuring Correct Positioning & Secure Connection+a
Assembly

Step

1. Refer to Technical
Diagrams

Action

Use circuit schematics
and mechanical layout
drawings.

Details

Ensure every part (e.g.,
capacitor, IC, connectof
is oriented and placed ¢
per the diagram.

Tools/Methods Used

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.

Pushfit components
flush against the board
before soldering.

PCB holder, antstatic
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 corred
length, crimp or solder
securely.

Soldering iron, crimping
tool, wire stripper

6. Apply Torque to
Screws Properly

Avoid ovettightening 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 lockin
sounds or tactile
feedback.

Hand pressing, snafit
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 housin
alignment.

Check for cold solder
joints, misalignment, or
gaps.

Magnifier, inspection
checklist

10. Final Functional Tes

Power up the accessory
to confirm correct
function (e.g., charging,
audio output).

Validates both
positioning and
connection.

Multimeter, battery
tester, speaker/audio
test jig
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Thingsto follow:
A Alwayswearan ESDwrist strapto preventdamageto sensitivecomponents
A Labelcomponentsandwiresto avoidmisplacement
A Usecolor-codedwiresanddiagramgor easyverification
A Keepa QCchecklistfor positionand connectioninspectionat eachstage

—4.1.6 Tools and Automated Assembly Machines

The assemblyof mobile phone accessoriesequiresthe careful use of appropriatetools 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,ultrasonicwelderscreate strong, seamlesondsthrough high-frequencyvibrations In

large-scale production, automated assemblymachinesare employedfor taskssuchas component
placement,soldering,and quality testing Usingthe correcttool not only ensuresfunctionalassembly

but alsoreducesthe riskof damageandenhancegproductreliability.

Purpose

How to Use

Typical
Applications

Precautions

terminals/conne
ctors without

f SYyaidK I Ay
GSNXYAYLE T

connectors Audio
jack cable ends

Screwdrivers Fastening or Select correct tip - Fixing charger Avoid over
(Manual & Torque |[removing screwy (Philips, flat,TorX. housing Securing | tightening (can crac
controlled) to secure Insert into screw head, | battery covers plastic or strip
mechanical apply appropriate Assembling audio |threads). Use ESD
parts torque, turn clockwise | device enclosures | safe tools near
to tighten or electronics.
anticlockwise to loosen
Torque screwdrivers
apply controlled force.
Join wires to Strip wire to correct - Fixing USB Ensure firm crimp;

tug wire slightly to
test connection. Used

soldering G§SNXYAYLt A Battery wire right die size for
squeeze handles until | terminals terminal.
crimp is complete.
Welds plastic | Align plastic parts in - Joining plastic Ensure parts are
parts by % St RSNJ 2A 3 |casings of chargers| clean and aligned.
generating high |dzf G NJ & 2 y A O [ Wireless earbud Operator must wear
frequency vibrations melt surfaceq enclosuresCable | ear protection due

vibrations to
fuse materials
without screws
or glue

mIttt2s 023z

bonding

strain relief shells

to high-pitched
noise.

Automated
Assembly Machines

Wah o

ks

Semi or fully-
automated
machines that
place, solder,
test, or
assemble parts

Load components and
t/.&a Ayiz
program or select

I LILINE LINR | G §
monitor assembly cycle]
M AYyaLsSoa 4

- 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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UNIT 4.2: Safety Measures, Tool Handling, and Quality Assura

- Unit Objectives |©@

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

1. Determine the importance of electrostatic discharge (ESD)safety measures and proper
groundingtechniquedor the safehandlingof sensitiveelectroniccomponents

2. Explainthe key quality parametersand fundamentalmethodsfor reaktime defectdetectionand
basicautomatedtestingof assemblediccessories

3. Elucidatethe importanceof properwastedisposabndsafehandlingof defectivecomponents

4. Demonstratethe applicationof automationand smart manufacturingtechniquessuchasrobotic
assembhyandAl-assistedjuality checks

5. Show how to follow ESBsafe handling proceduresto prevent static dischargedamage to
sensitivecomponents

6. Demonstrate how to test assembledaccessoriedor electrical functionality, durability, and
compliancewith applicablequality standards

7. Showhowto disposeof defectiveor rejectedcomponentdollowingapplicableguidelines

8. Demonstrateadherenceto workplacesafetyandcleanlinesguidelineghroughoutthe process

~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 visible signs Therefore,proper ESDsafety measuresand
groundingtechniquesare essentialfor protecting telecomproductsand accessoriesluring handling,
testing,andassembly

Why ESDSafetyis Important in TelecomAssembly

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 Nonfunctional ICs, data loss, signal distortion

Evena dischargeas low as 30¢100 volts, which is below human perception, can destroy sensitive
telecomcomponents
KeyESDGafetyMeasures
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ESD Protection Method Purpose Application

ESD Wrist Strap Discharges builtip static from the | Must be worn while working with
human body safely to the ground | open electronic components

ESD Mats (Table and Provides a grounded surface to | Used on workbenches and floors in

Floor) prevent charge buildup assembly areas

ESDBSafe Clothing Prevents generation and transfer ¢ Lab coats, gloves, and caps made of
static from clothes static-dissipative material

Anti-Static Packaging Protects components during Use of pink poly bags, shielding bag
storage and transport and bubble wraps

Humidity Control Reduces static buddp in dry air | Use humidifiers to maintain 480%

humidity in ESEBafe 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 5FAfe& OKSOl1a 2F o6NRAG aidNF LI N
effectiveness

Understandingand applyingESDsafety measuresand groundingtechniquesis 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 ESBEsafe proceduresto maintain industry standardsand

ensurereliability of the final product

—-4.2.2 Quality Checks and Basic Automated Testing Methods
for Assembled Accessories

Qualityassurancas a critical part of the telecomaccessoryassemblyprocess Ensuringhat chargers,
cables, batteries, and audio devicesmeet defined quality parametershelps prevent malfunction,
safety risks, and customer dissatisfaction Thisis achievedthrough a combination of visual checks,
manual testing, and basic automated testing systems,which help detect defectsin real time and
maintainconsistentproductstandards
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Parameter

Electrical Continuity

Description

Ensures that current can flow through a circuit
without interruption

Applicable To

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 cabl

Mechanical Fit and
Finish

Ensures physical parts are aligned, secured, af
undamaged

All accessories

Durability

Assesses product performance under repeated
use or stress

Cables, buttons,
connectors

Safety Compliance

Confirms product meets safety standards like B
CE, or RoHS

Chargers, batteries

Technique

Automated Test Jigs

Basic Automated Testing Techniques

Application

Audio devices, cables,

chargers sound, voltage

Custom rigs simulate endse to test charging,

Function

In-Circuit Testing (ICT)

PCBs inside chargers o
audio devices

Detects faulty components (resistors, ICs) or
the board during production

CameraBased Optical
Inspection

Visual quality checks

Detects component misplacement, solder
issues using image processing

Barcode or QR Code
Scanning

Assembly tracking
completion

Identifies product batch, verifies stage

Pass/Fail Indicators
(LED/Buzzer)

Operator feedback

Automated tools give instant result for tested
unit (OK/NG light or sound)

everyline assembler

—4.2.3 Elucidate The Importance of Proper Waste Disposal-a
Safe Handling of Defective Components

In the process of assemblingmobile phone accessories like chargers, batteries, cables, and
earphones a variety of waste materials are generated Thesemay include damaged electronic
components, plastic scraps, faulty PCBs,defective batteries, and packagingmaterials Improper
handling of suchwaste not only violates environmentalregulationsbut also posesserioushealth,
safety,and fire hazards Hence,safe disposaland segregationof waste is a critical responsibilityfor

nd
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Why ProperWaste Disposals Important

Reason Explanation

Worker Safety Defective components (especially batteries) may leak harmful chemicals or ca|
electric shock/fire.

Environmental E-waste contains toxic substances like lead, mercury, and cadmium which pollute

Protection soil and water if not disposed of properly.

Regulatory Organizations must follow local/state environmental and labor laws related to ¢

Compliance waste disposal and recycling.

Workplace Accumulation of waste hampers movement and increases accident risk on the

Cleanliness floor.

Recyclability Many materials can be recovered and reused if waste is segregated and sent
authorized recyclers.

SafeHandlingProceduredor DefectiveComponents

A Wear safety gear (gloves, mask, antistatic gear) while handling sharp, damaged,or toxic
materials
Useanti-staticbinsor groundedcontainersfor collectingdefectiveelectronicparts.
Do not mix different types of waster segregate plastic, metal, battery, and electronic
components
Placedamagedbatteriesin fire-resistantcontainersand storeawayfrom heator sunlight
Reportleakingor hazardoustemsto the supervisoimmediately
Keepwasteareasclearlymarkedandeasilyaccessible
Avoidreusingdefectiveor untestedcomponents

To To Do o Io Do

_ 4.2.4 Automation and Smart Manufacturing in Mobile_______
Accessory Assembly

In modern electronicsmanufacturingjncludingmobile accessorassemblyjndustriesare increasingly
adopting automation and smart manufacturingto boost speed,accuracy,consistencyand product

quality. Robotic systemsare used for repetitive tasks such as screwing,soldering,and placement,
while Artificial Intelligence (Al) is used to detect defects through machine vision and analyze
productiondatain realtime.

Applicationsin Mobile AccessoryAssembly

Technique Description 2 KSNB LGQ
Robotic Assembly Arn| Perform highspeed, precise placement of Assembling USB cables,
components or tightening screws. screwing charger casings

Pickand-Place Robots| Automatically pick parts from bins and place thel Mounting ICs or

on PCBs. connectors
Al-Assisted Visual Cameras with Al algorithms detect misalignment Quality checks after
Inspection missing parts, or surface defects. assembly

. 156



LineAssembler TelecomProducts g

Automated Soldering [ Robots apply solder precisely using heat [ PCBbased assembly in chargers
Stations and flux. and earphones

Conveyor with Sensor] Move products through stations; sensors | Production lines of earphones,
detect faulty units or delays. chargers

Barcode/QR Tracking | Tracks product through stages using cod¢ Component traceability for
scans. inventory or rework

_4.2.5 Following ESBafe Handling Procedures for Component
Protection

A Electrostatic Discharge(ESD)can instantly damage sensitive components like ICs, PCBs,and
connectorsusedin mobile accessoriesuchaschargersearphonesand USBcables A staticcharge
from the human body or tools can destroy or degrade components,leading to defects and
performanceissues

A Therefore, ESBsafe handling proceduresare essentialfor every line assemblerworking with
electronics

Wrist Strap

Grounding

: Equipment and Methods

Fig. 4.2.1: ESD Protection Equipment and Methods

ESD-Safe —»
Mat Grounded

A Warning
Static control area
\ ESD protection required

Step Action Purpose
1. Wear an ESD Wrist Str§ Connect the wrist strap to a grounded| Equalizes electrical potential an
surface before starting any work. safely drains static charges fron
the body.
2. Work on an ESBafe Use a grounded ESD mat on the Prevents charge buHdp on
Workstation worktable. Ensure the mat is properly | surfaces where components are
connected to the earth ground. handled.

3. Use ESBafe Clothing |Wear antistatic apron, gloves, and ES Limits the generation and
and Footwear shoes or heel straps. accumulation of static on your
body or clothes.
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Edges

4. Handle Components by th

Avoid touching pins, leads, or
conductive areas of PCBs or
connectors.

Prevents direct transfer of static
to sensitive points on
components.

Materials

5. Use ESBSafe Storage

Place components in arstatic
trays, pink poly bags, or shielding
bags when not in use.

Keeps items protected during
transit and storage.

Equipment

6. Ground All Tools and

Ensure soldering stations,
screwdrivers, and testing machineg
are grounded.

Prevents static from transferring
through tools during use.

Movement

7. Avoid Unnecessary

Minimize walking or rubbing clothin
while handling components.

Movement increases static build
up.

Conditions

8. Control Environmental

Maintain relative humidity between
40¢60% and avoid dry air.

Low humidity increases static
generation.

Labels

9. Follow Signage and Safety

Be aware of areas marked as ESD
protected zones (EPA) and comply
with all precautions.

Ensures only trained personnel
handle sensitive materials.

Equipment Regularly

10. Inspect and Maintain ESI

Test wrist straps, mats, and

grounding connections daily.

Detects faults and ensures
continuous ESD protection.

Test Type

Purpose

Example Accessories

— 4.2.6 Demonstrate How to Test Assembled Accessories for,
Electrical Functionality, Durability, and Compliance With
Applicable Quality Standards

Oncea mobile accessorys assembledjt must undergospecificteststo confirm:
A It worksasintended (functionality)
A It canwithstanddaily usage(durability)
A It meetsindustryor organizationatjuality standardgcompliance)

Testingensuredefectfree and safeto-useproductsreachconsumers

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 & Ensure safety against circuit | Chargers, power Power supply unit,
Overload Test failure or excess current banks ammeter, thermal
camera

Voltage/Current Confirm accurate power deliver] Wall chargers, data | Voltmeter, USB tester
Output Test cables

Audio Output Test | Assess clarity and range of sou| Wired earphones, Audio analyzer,
Bluetooth headsets | speaker testing jig

Water/Splash Test against minor water Some rugged Drip or spray test
Resistance (if exposure accessories chamber

applicable)

Compliance Check | Compare with standard All types Test report vs checklis

guidelines (e.g., BIS, ROHS)

BasicElectricalTestfor aUSBCharger

1. Connecthe chargerto a powersupply.
Attacha USBoadtester.
Readvoltageoutput (shouldbe around5V).
Checlcurrentoutput with aload (usuallylA or more).
InspectLEDnNdicatorsor heating(if present)
Logresultsfor qualitydocumentation

o 0ks LN

— 4.2.7 Disposal of Defective or Rejected Components Following

Guidelines
Defective electronic components such as damaged PCBs,broken connectors, or non-functional
chargeranustbe disposedf carefullyto avoid

A Environmentapollution

A Electricahazards

A Regulatoryiolations
Disposalmust follow e-waste managementrules, especiallyunder L y R EWa3t& (Management)
Rules2022andorganizationspecificSOPs

Stepby-StepDisposalProcess

Step Action Purpose
1. Identify and Separate defective or rejected items from good | Avoids accidental reuse of
Segregate stock during inspection/testing faulty parts

2. Label and Tag Use "DEFECTIVE", "REJECTED", or "SCRAP" Ig| Ensures traceability and

with date and reason for rejection proper documentation
3. Store in Place components in col@oded bins or ESEafe | Prevents mixing with
Designated Scrap |waste containers marked forwaste regular waste and ensureg
Bins safety
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4. Maintain a Scrap | Record quantity, part type, date of disposal, and | Helps in tracking and futur

Log technician details audits

5. Follow Disposal |Hand over to certified evaste recyclers or internal | Ensures legal compliance
Channel disposal units as per company protocol and safe recycling

6. Do Not Burn or | Never dispose electronic parts in open trash, watq Avoids air, soil, and water
Landfill sources, or incinerators pollution

7. Use Personal Wear gloves and follow safety protocol while Ensures worker safety
Protective handling sharp or broken parts during handling
Equipment (PPE)

Examplesof Componentso DisposeSafely
A Burntcircuitboards
A Cutwiresor shortedcables
A Brokenearphoneparts
A Rejectecchargersor connectors
A Swollenor leakybatteries(to be handledashazardousvaste)

—4.2.8 Demonstrate Adherence to Workplace Safety and——
Cleanliness Guidelines Throughout the Process

A cleanand safe workplaceis essentialin the electronicsand telecom assemblyindustry, especially
whenhandlingsensitiveelectroniccomponentsNegligencen safetyandcleanlinesganleadto:
AProductdefects
A Electrostaticlamage(ESD)
A Workplaceaccidents
ARegulatorynon-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, | Prevents ESD, injuries, and
aprons, masks contamination

Tool Safety Inspect tools before use; ensure blades, |Prevents accidents and ensures
wires, and probes are intact accurate work

Workstation Wipe surfaces regularly; avoid clutter and Reduces contamination and

Cleanliness spills fire/electrical hazards

Component Handling | Use ESBafe mats, containers, and Prevents electrostatic or physic:
tweezers; avoid barband contact damage

Electrical Safety Switch off tools after use; avoid overloadi| Reduces electrical shock and fi
sockets risks

Waste Disposal Segregate and dispose of waste and Ensures cleanliness and
defective parts in proper bins regulatory compliance
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Emergency Know the location of fire extinguishers, fir] Ensures readiness during
Preparedness aid kit, and emergency exits accidents

Reporting Hazards Immediately report unsafe conditions (we| Prevents accidents and ensureg
floor, sparks, broken tools) to supervisor |timely correction

Maintainingsafetyand cleanlinesss ascritical astechnicalskills It protectsboth peopleand products,
enhancegroductivity,andupholdsworkplacestandardsandregulations
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UNIT 4.3: Troubleshooting, Documentation, and Digital
Production Systems

- Unit Objectives |©@

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

1. Discusscommon assemblydefects, their causes,and basic troubleshooting techniquesusing
visualinspectionand simpletestingtools.

2. Discusghe standardproceduresfor assemblingdifferent types of mobile accessoriesincluding
handlingsequencesafetyprotocols,and quality considerations

3. Discussthe role of digital production records and basic ERP system usage for tracking
componentsand productionprogress

4. Showhow to conductbasicvisualinspectionsas per the quality checklistfor defects suchas
misalignmentJooseconnectionspr surfacedamage

5. Demonstratethe useof appropriate measuringtools suchascalipers,multimeters, or gaugeso
verify dimensionsandelectricalproperties

6. Demonstratehow to identify and rectify minor assemblyerrors, escalatingcritical issuesto the
supervisor

7. Demonstratethe appropriatequality checkson assembledaccessorieto ensurecompliancewith
industrystandards

8. Showhowto follow standardproceduresfor packaginglabeling,and storingfinishedaccessories
to preventdamage

9. Demonstratehow to documentand report production outputs, quality issues,and inventory
usageusingdigitaltrackingtools.

10. Show how to use digital tools and ERPsystemsto track component usageand production
progress

— 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

ensureproduct quality, functionality,and durability. Assemblydefectscanarisedue to humanerror,

impropertool usage or environmentalfactors By usingbasicvisualinspectionand simpletools like

multimeters, line assemblerscan effectively detect, troubleshoot, and rectify these issuesbefore

final testing The table below outlines some of the most common assemblydefects,their causes,
troubleshootingtechniquesandcorrespondingmagereferencego aidin visualunderstanding
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Defect Type

Description

Probable
Cause(s)

Troubleshooting
Techniques

Image Source Link

Cold Solder | Dull, cracked, or | Insufficient heat [ Resolder the joint
Joint poorly formed during soldering| using the correct
solder joint or movement | heat and proper
during cooling [technique
Component Componentis Manual Reposition or
Misalignment | tilted, not placement error | replace
centered, or or machine component; verify
mounted misfeed alignment with
improperly layout diagram
Lifted Copper pads or | Excessive heat, | Inspect with
Pads/Traces |traces lifted from | physical force, o] magnifying glass,
PCB surface poor PCB quality repair with
jumper wire or
epoxy
Solder Bridges| Unintended solder | Too much soldef Remove excess :
connecting two or | or bridging solder using R
more pads during hand desoldering braid| =SSSSSEEEEs
soldering or iron tip 7 i\/l’ 1
Cracked Cracks visible on | Mechanical Replace
Components | casing or pins of | stress during component,
component placement or review handling
poor packaging | 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 PC

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
Seqguence, Safety Protocols, and Quality Considerations

Before you start assembling,it's important to follow the correct sequenceof steps so that the
procesds smooth,safe,anderror-free.

What You Do 2 Ke LGQa LYL

Material Check Collect all parts and tools as per the| Ensures nothing is missing
BoM (Bill of Materials)

Workstation Setup | Clean your table and arrange tools, | Keeps work area safe and organize
components, ESD mat

Safety Gear Wear ESD strap, gloves, apron Protects you and the components
Component Check and clean wires, connectors,| Avoids defective parts being
Preparation PCBs assembled
Assembly Solder, fit wires, connect connectord Main step to build the product

fix screws

Subassembly Test | Test small parts before final assemi Helps catch early mistakes

Final Assembly Fit outer casing, labels, complete | Gets product ready for testing
product
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 | Keeps product safe during transpo
barcode

— 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 ¢ like chargers,cables,
earphonesgetc. Tokeepa recordof what is beingmade, how many parts are used,how many units
are rejected,and what stagethe work hasreached we usedigital tools insteadof writing everything
on paper.

Thesedigital recordsare calledProductionRecords

o
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Purpose Why It Matters Example

Track how many units | Helps supervisors plan next batd 200 power banks made today, 3

you made rejected

Know how many parts | Prevents running out of stock | Used 500 USB connectayseorder

are used needed

Trace problems Find which batch or operator haq 10 cables failed check operator log
issues

Save time Faster than paper logbooks Scan and update instantly on table

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 product with your eyes(sometimesusinga magnifying
glassor lamp)to checkif it looksright or hasanyvisibleproblems

Quiality Checklistfor USBCharger

Point to Check OK? (Yes/No)
USB port alignment Yes/No T
Outer casing fit properly Yes/No T
Surface clean, no scratch Yes / No T
No loose wires or rattling Yes/ No T
Label/marking clear Yes/No T

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 wher| Inform supervisor or fix if allowed
shaken
Scratch/crack Visible marks on surface Replace part or send to quality team
Missing label Barcode, logo, or ISI mark not thel Add missing label if possible

In mobile accessoryassemblythis is the final step before testing or packagingr to makesurethe
productis clean,properlyassembledandfree from defects

o
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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(like voltage resistanceand continuity).

Toolslike calipers, multimeters, and gaugeshelp us checkif the componentsmeet the required
standardsbefore and after assembly Thisensuresthe final product is safe, reliable, and ready for
use

Tool Name Purpose / What  How to Use It Example from Image Reference
It Measures (Stepby-Step) Mobile Accessory
Vernier Measures 1. Clean the Check if USB
Caliper external and jaws2. Place part| connector is 8.5 mm
internal between jaws3. |[wide and fits in
dimensions (in | Read value on | casing properly
mm) scale
Digital Measures 1. Set dial to Check if earphone
Multimeter voltage, required function | wires are connected
resistance, and | (e.g., continuity) | properly
continuity 2. Touch probes | (continuity), or chec
to the two test output voltage of a
points 3. Read |charger
display
Wire Gauge |Checks thicknes| 1. Match the wire | Ensure correct wire
(SWG/Metric)| of wires to the correct slot| size (e.g., 24 AWG)
in the gauge 2. |used in USB cable f
Read the size fast charging
marking
Torque Measures 1. Setrequired | Use to tighten
Screwdriver |tightening torque level 2. screws in power
torque of screwq Tighten screw bank casing without
until tool cracking plastic
slips/clicks 3.
52y Qi 20
Go/NoGo [/ KSO{1 & 11.Tryinserting |Check if jack pin fits
Gauge size is within part into "Go" properly in mobile
tolerance side¢ should fit 2.] connector slot ___4."
Try "NoGo" side —w
¢ should not fit

R
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~4.3.6 Demonstrate How to Identify and Rectify Minor -
Assembly Errors, Escalating Critical Issues to the Supervisor

During mobile accessoryassembly small errors can happernt like loose wires, misplacedlabels, or
screwsnot tightened
Asaline assemblerjt's important to know:
AWhicherrorsyoucanfix yourself
AWhichproblemsyoumustreport to your supervisoimmediately
Thishelpsin maintainingquality,avoidingrework, and ensuringthe productis safeandfunctional

Error How to Identify How to Fix

Label misaligned Looks tilted or in the wrong | Remove and reapply straight
spot

Screw is loose Casing rattles or feels open | Tighten using the correct screwdriv|

Wire not fully inserted Part not working or unstable |Push wire in again and crimp

properly

Solder joint dull or cracked Poor connection, fails Resolder using iron and flux
continuity test

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) s fully assembled,it must be
checkedor quality before packaging
Theseguality checksmakesurethe productis:
A Safeto use
A Performscorrectly
A Meetsthe companyandindustrystandards
Thisstephelpspreventdefectiveproductsfrom reachingthe customer

— B
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Check Type What to Look For Tools/Methods Used Example
Visual Check Cracks, loose parts, Eyes, Magnifier, Look for bent charging
scratches, misalignment | Quality Checklist pin in charger

Functionality Test | Device turns on, charges, | Mobile phone, test | Plug charger into power
transmits sound properly |bench, battery unit |and check if mobile

charges
Continuity Test Electric path is complete | Multimeter (Beep Check cable wiresall
test) pins connected
Dimension Check | Proper size as per design | Caliper, gauges USB plug width is exact
8.5 mm
Tightness Check [ Screws or joints are Torque screwdriverol/  8Ay 3 R2 S §
properly fixed hand check rattle
Label & Marking | Correct product code, batqd Visual with reference| Label not upside down
no., logo sample or missing
Load Test (if Device handles load safely Load simulator/test | Charger gives 2A currel
applicable) device without overheating

to Prevent Damage

After mobile accessoriedike chargers,earphones,or cablesare fully assembledand passquality
checksthe nextimportantstepis packaginglabeling,andstoring

Properhandlingat this stagepreventsdamage maintainsproduct quality, and ensureshe customer
receivesa cleanandworkingitem.

1. PackagindProcedures
Good packagingprotects the product from dust, moisture, scratchesand physicaldamageduring
transportor storage

Stepsto Follow:
Step Action Tips

a) Cleaning Wipe the product with clean cloth | Remove dust or fingerprints
needed

b) Primary Packaging Place the product in a small plasti| Use antistatic bags for electronic

pouch, bubble wrap, or tray parts
¢) Secondary Put the wrapped productintoa [ Check box is not crushed or torn
Packaging branded box or blister pack
d) Sealing Close the box using proper tape d Tamperproof seals may be required
lock

— 4.3.8 Packaging, Labeling, and Storing Finished Accessories
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Example

A USBchargeris wrappedin bubble wrap and insertedinto a printed box with user manualand
warrantycard,then sealed

2. LabelingProcedures
Labelgprovideimportantdetailslike productname,batchnumber,andinstructions
Correctlabelinghelpsin trackingand customerunderstanding
LabelMust Include
A ProductName(e.g., & C lUSHChargerg 18 ¢ 0
A ManufacturingDate& BatchNumber
A CompanyLogoandAddress
A Barcodeor SerialNumber
A SafetyMarks(if required,like BISor CE)
Whereto Apply:
A Onthe product(if applicableike at the backof the charger)
A Onthe packagindox
A Onshippingcartons
Example

Abarcodestickerandlabelwith productnameandbatchnumberis pastedon the sideof the charger
box

3. StoringFinishedProducts

WhyL {lrfp@drtant:

Properstoragekeepsproductssafefrom damagetheft, or environmentalharmbeforedispatch
StandardStoragePractices

Do 52y Qi
Stack boxes neatly on racks or pallets 52y Qi LI I OS KSI gé& 062t
Keep away from direct sunlight, heat,andwat{5 2 y Qi &G 2NB Yy SI NJ 6 Ay §
Follow FIFO (First In, First Out) method 52y Q0 dzaS NI yR2Y aidz2l
Use labels to identify batch and date 52y Qi YAE RAFTFSNBylH |

SpecialNotes
A Storein temperature-controlledanddust-free area
AMarkd CNI @& £ IS ywRti /S Nidigeded
Example

Finishedearphonesare packedin individualboxes,placedin a mastercarton, and stored on labeled
metalracksin the storageroom.

o
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— 4.3.9 Digital Documentation & Reporting

Accurateand timely documentationis essentialin assemblyoperationsto ensureefficiency,quality,
and accountability Keyrecords suchasproductionoutput, quality issuesandinventoryusage not
only track daily activitiesbut alsosupport performancemonitoring, defect prevention,and effective
resource management Using tools like ERPsystems, mobile apps, or spreadsheetsteams can

maintainclear,consistentrecordsthat drive continuousimprovement

What to Record
Production Outpuf

Purpose

Track number of
units assembled

What to Include

Date, Product
Name, Units
Assembled,
Operator Name

Tool Examples

ERP system, EXxc¢
sheet, Mobile App

Why It Matters

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

ERP Inventory,
Barcode Scanner

Avoids material
shortage and

Used Qty, Balanc misuse

Used For

Spreadsheet

Showhow to usedigital tools and ERFsystemsto track componentusageand production progress

In assemblyoperations, digital tools and ERP(Enterprise ResourcePlanning)systemshelp track
production output, componentusage,and quality issuesefficiently. Thesesystemsallow workersto
recordhow manyunits are assembledyhat materialsare used,and any defectsfoundt usingmobile
apps,spreadsheetspr barcodescanners

Production this Week

Mon Tue Wed Thur  Fr Sat  Sun

Production Line Distribution

‘ LineC
Line B ’ LineA

Line -A Summary

Fig 4.3.1 ERP system dashboard

Using ERPensuresaccurate data entry, reduces errors, prevents material shortages,and helps
supervisorgmonitor performanceand plan better. Fora Line Assembler]earningto usesuchtoolsis
keyto maintainingproductivity,quality,and smoothworkflow on the shopfloor.
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_ Exercisgig

Multiple ChoiceQuestions(MCQ)

1. Whichtool isusedto checkelectricalcontinuityin wiresandcomponents?
a) Verniercaliper
b) Wire gauge
¢) Multimeter
d) Go/No-Gogauge

2. Whatisthe purposeof ad { @msemblyt S &iiribgmobileaccessorassembly?
a) Tocleantools
b) Tofix outer casing
c) Totest smallpartsbeforefinal assembly
d) Tolabelthe product

3. Whichof the followingis a criticalissuethat mustbe escalatedo the supervisor?
a) Misalignedabel
b) Loosewire
¢)Burntor damagedPCB
d) Scratchon the casing

ShortQuestions
1. Whatare somecommonassemblydefectsfoundin mobileaccessories?
2. Whyisit importantto usedigitaltoolsor ERPsystemsn production?
3. Whatare the mainstepsin standardpackagingf a mobileaccessory?

Trueor False

1. Solderbridgescancauseunintentionalconnectionsetweentwo or more pads 1
2. Atorgue screwdrivelis usedto measureelectricalresistance ]
3. Labelinga productincludesinformationlike batchnumber,productname,and companylogo! |
4. Visualinspectionis not requiredif functionalitytestspass L]

Fillin the Blanks
1. A solderjoint appearsdull or crackedand mayleadto poor electricalconnections

2. TheFirstln, FirstOut methodis commonlyreferredto as

3. A gaugeis usedto checkthe thicknessof wires.

4, inspectionis doneto visuallycheckfor misalignmentcracksor missingabels

5. Inan ERPsystem trackingof defectsandactionstakenis doneunderthe module
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Unit 5.2- Classification of ESD Materials
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— KeyLearningOutcomes | ¢

1.

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

10.
11.
12.

13.
14.
15.

16.
17.

18.

Elucidate the basics of Electrostatic Discharge (ESD), its sources in the workplace, and its in
on electronic components and product performance.

Explain the necessity of following ESD policies, procedures, and safety guidelines to protect
electronic components and ensure product quality.

Demonstrate how to follow safe work practices as per the ESD process and protocol.

Describe the classification and properties of 8@ materials, appropriate PPEs, and the use ¢
storage/packaging solutions like trays and bags.

Demonstrate the correct use of ESD tools/equipment such as static voltage checkers, wrist
straps, shoe grounders, air ionizers, and ionized air guns.

Discuss the methods for identifying ES&hsitive parts, packages, and areas, including the use
precautionary labels, packaging, and handling instructions.

Describe proper handling, storage, and stacking methods forsE&§tive components, sub
assemblies, and assemblies to prevent failures.

Demonstrate the correct method to pack and unpack electronic components in compliance w
ESD processes.

Show how to handle serfinished products after assembly operations using-E&®trays and
conveyor lines.

Determine the voltage buildup during routine activities (walking, soldering, cleaning), dischar
paths, and associated risks in RESD safe areas.

Show how to identify and remove nassential items and equipment carrying electrostatic
generating potential.

Explain essential grounding techniques and accessories (tables, mats, flooring, wrist straps)
minimizing electrostatic risks, including regular inspections and audits.

Show how to properly ground all components in the work area.
Show how to implement advanced grounding techniques to mitigate electrostatic risks.

Discuss the procedures for conducting ESD audits on workstations, flooring, protective gear,
facility areas, ensuring compliance with 1ISO 9001 (quality) and ISO 27001 (information secur

Demonstrate how to ensure compliance with ISO 27001 standards for information security in
ESDBsensitive operations.

Elucidate the use of ionized air guns, machine vision systems, and smart manufacturing
techniques for reatime ESD.

Demonstrate the use of machine vision systems to identify ESD safety violations and ensure
compliance.
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UNIT 5.1: ESD and lIts Effects on Electronic Components

- Unit Objectives |©

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

1. Elucidatethe basicsof ElectrostaticDischargg ESD)its sourcesin the workplace,and its impact
on electroniccomponentsand productperformance

2. Explainthe necessityof following ESDpolicies, procedures,and safety guidelinesto protect
electroniccomponentsandensureproductquality.

3. Demonstratehow to follow safework practicesasper the ESOprocessand protocol.

— 5.1.1 ESD Fundamentals

We gothroughoccurrence®f staticelectricity daily. Forinstance walkingon a carpetedin a heated/
warmroom duringwinter producessufficientstaticelectricity.

Althoughthis suddendischargeof static electricitydoesnot resultin any harmto the humanbody, it
cancauseheavydamageto electronicequipmentasthey are sensitiveto electricaldischargg ESD)It
may happenthat electronicequipmentto get damagedby electricalchargeghat is imperceptibleto
us.

Certaincomponentsare very sensitiveto static electricitythat candefinitely destroythe component
Staticchargesare createdwhen there is a separationof non- conductivematerialsfriction between
synthetic clothes,combingyour dry shampooedhair for a long period of time during winter sparks
up staticelectricityis calledElectrostatic Discharg€dESD)

A Destructivestatic chargesare followed on nearby conductorslike human skinthat developsa
sparkwhenthe surfaceof the printed boardis touchedby a personwho hasdevelopeda static
charge

A If the boardis touchedat the right solderjoint, the circuit boardwill be damagedbecauseof the
dischargeof the static electricity. It is damagedbecauset passegshrough a conductivepattern
to acomponentwhichis staticsensitive

A 1t is veryimportant to note that, this is not felt by humanbeings,asit is lessthan 3,000 volts(
the staticlevelof damageof components)

A Apart from designingthe circuit correctly for suppressiorof ESDthe layout and the designof
PCB(PrintedCircuitBoard)is alsoimportant, asit will savemoneylater if it is ensuredthat the
ESDsaccordingo the layoutof the PCBasthere will be no costlydebugging

Thereare guidelinesto ensurethat the PCBdesignwill be ableto reducethe problem of the ESDo
the minimumrange

Guidelines Steps/procedure

Removingf circuit w Unwantedcurrentisrisen,fromloopsin aline that arisesfrom
loops induction

w Theperformancedevelis pickedup from unwantedpickup of current

w Forgeneralprotectionof ESDt isimportantbecausaunwanted
increaseof currenthencevoltageisevokedin the loops

w Ultimatecaremustbetakensothat currentcannotbeinducedinto
loopsandthat no loopsis existing

o
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Utilisingthe w Onewayof reductionof groundloopis by usingagroundplane
groundplane layerin the designingf the PCB

layersinthe w Thisensuresand enablesthat any signalsshall be effectively
PrintedCircuit groundedsothat there isno chanceof groundloops

Board(PCB)

Reductiorof line w Anykind of wire actsasanantennaandhasthe capacityof receiving
lengths highspikesof voltage with the very shortrise of voltagespike

w If the line lengths are reduced then, the level of energythat is
receivedis reducedand the spikesresultingfrom lower electrostatic
dischargeshallbe lower

Reductiorof parasitic | w Manyelectroniccircuitsareinducedwith ESOprotection circuits

inductiqnaﬂ?un_d w Thesecanonlyresulteffectivelyif the inductionof parasiteis
protectioncircuits keptlow

w It is possibleto keepit low( parasiticinduction) arisingfrom the
designof the PCBi|f the length of the line is short, keepingthe
width of the trackbroad

w Conductorof measurablalimensionghat ismovingthrougha
magnetidield whichis uniform; or stagnantundera magneticfield
thatis changingshallhavecurrentgeneratedwithin them

w Inductivecoilsspecificallyjusesmagneticcoresto lesserthe parasitic
inductionwithin them

Preventrunningofthe | w Ascurrentpickup shallbe closeto the circuitareait isverywiseto
sensitivetracksnear keepawaythe sensitiveinesor tracksfrom this area

PCB w Theinput andthe outputlineswill haveto join the edgeof the PCBat
somestage but it mustbe routed awaywhereeverpossible

Applicationof the correct guidelinesof preparingthe ESDfor the layout or designingthe PCBis
important during the assemblythat will ensureit to be resilientto any voltageor current discharge
that mightoccur. Applyingthe ESDlesignat the earliestof stages savesa lot of moneyfor not having
to reworkor redesigning

Listthe number of componentsand modulesreceivedfrom the storesand take signoff from stores
department-

Areceiptis an acknowledgmentvhich 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 preparingthe ESDfor the layout or designingthe PCBis
important during the assemblythat will ensureit to be resilientto any voltageor current discharge
that might occur. Applyingthe ESDdesignat the earliestof stagessavesa lot of moneyfor not having
to reworkor redesigning

Listthe numberof componentsand modulesreceivedfrom the storesand take signoff from stores
department
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Areceiptis an acknowledgmentvhich is documented that somethingvaluablehasbeentransferred
from one personto another. It is typically receivedby the customerfor the servicethat hasbeen
renderedto them. Theremustbe aninvoiceevenfrom the storesdepartment

Invoicesmustinclude

A Theword invoicemust be written clearlyon the document Andit must specificallycontainall
these information

A TheO 2 Y LJI ndrdeQ@ddressand contactnumbermustbe provided

A Theuniqueidentificationnumberof the company

A Thenameof the companyandtheir addressor whomthe invoicingis takingplace
A Thedate on whichthe goodswere suppliedto the company

A Listof the componentghat hasbeensupplied

A Acleardetaileddescriptionfor what is beingcharged

A Theamountof chargemustbe clearlymentioned

A Dateof the invoice

A TheGSTGoodsand Service§ax)that isapplicable

A Theamountthat is owedin total

Soletrader invoice asoletraderinvoicemustincludethesethings

A Nameof the individualpersonor the nameof the companyif any
A Aparticularaddressvhereanydocumentwhetherlegalor not canbe deliveredperfectly
Limited companyinvoices Alimited companyinvoicemustincludethe invoicemustcontainthe name

of the companyasit ison the certificateof incorporation Thenamesof all the directorsmustbe present
too, if thereisamentionof the directors'name

A AN R s AR AR
- i M) iarn
ol L d

......

Fig5.1.1:Samplénvoiceit will differ accordingto list andcomponents

ey
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Thereare sixprinciplesof staticcontrolandsixkeyelementsof ESDo befocus

1. Desigrassembliesindproductsto be reasonableandrobustfrom the effectsof ESD
2. Describahe levelof controlrequiredin the environment

3. Define and identify the electrostatic protected areas(EPAs)the areasone needsto handle
ESBsensitiveparts(ESDS)

4. Decrease the generation of electrostatic charge by reducing and eliminating static
generatingprocesseskeepingprocessesand items at the same electrostatic potential, thus
enablingpropergroundpathsto decreasechargegenerationandbuild-up.

5. Neutralize and dissipate by proper ionization, grounding, and the usage of dissipative and
conductivestaticcontrol materials

6. Protect items/ tools from ESDwith accurateshunting or groundingand the usageof static
control packaging

ES[zancausepermanentdamageo the componentit isimportantto follow certainrulesto avoidit
w All componentsmust be kept in antistatic bagstill the time the assembletlis readyto install
the components
w Makeuseof the groundedmatswhile onthe workbenches
w Makeuseof groundedfloor matsincludingthe work areas
w Makeuseof antistaticwrist strapswhile workingon the computersystem




g ParticipantHandbook

— Notes




LineAssembler TelecomProducts

UNIT 5.2: Classification of ESD Materials

- Unit Objectives |©@

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

1. Describethe classificatiorand propertiesof ESBsafematerials,appropriatePPEsandthe useof
storage/packagingolutionslike traysandbags

2. Demonstratethe correct use of ESDtools/equipment such as static voltage checkers,wrist
straps,shoegroundersair ionizers,andionizedair guns

— 5.2.1 Classifying ESD Materials

Tocontrol ESDmaterialsare categorizedoy how quicklyelectricity passeghrough the material The
speedis implied asthe & NB & A Zfitheym@at&riél i.e. how firmly the material prevents charge
movement

Thespeedis measuredin Ohmsand is typicallydisplayedin powersof 10 (example10"3). Thelower
the number,the more conductivethe materialandmaybe consideredx ! y G Aéa G I G A O

Charge Isit

Classification Description Resistance Ohms

Antistatic?

Conductive | VeryFast Conductivematerials:With Low 1073- | Yes
alow magnitudeof electrical | Resistance| 10"5
resistanceglectronspass
smoothlythroughthe surface
or acrosghe bulkof these
materials.Chargegoto
anotherconductiveobjector
to groundthat the material
comesclose toor contacts.
Conductivematerialshave
asurfaceresistivityatick
lessthan1x10"5mk a lj @

Movement

Conductiveanaterialsare 3
categorizechsa ! yaAa Gl G A O¢ d
Dissipative [ Atacontrolled | Dissipativematerials:For Medium 10"6- | Yes
speed. dissipativanaterials the Resistance| 107 10
Fastbut chargesslowlypassthrough

Slowerthan the materialin amore
Conductive controlledmannerthanthat

of conductivematerials.
Dissipativenaterialspossess
asurfaceresistivitygreater
thanor equalto 1 x 10"5m K
sg.andlessthan1x10712m K
sqg.Dissipativenaterialsare
categorizechsa ! y i Aand If G A O¢
areaccountedasthe ideal
rangefor ESDnaterials.
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Insulative Slowor No Insulativematerials: These High 10nM11- | No
Movement materialslimit or prevent Resistance| 10112
the flow of electronsacross
their surfaceor throughtheir
volume.Insulativematerials
exhibita highelectrical
resistanceandare hardto
ground.Staticchargesstayin
placeon suchmaterialsfor
averylongtime. Insulative
materialsare thosewith a
surfaceresistivityof at least
1x10M2m k dofja®olume
resistivityof 1 x 10"11m-cm
(minimum). Insulative
materialscannotbe classified
asa! yaAadlrdaoe|d

Anti-Static It isaterm usedto describematerialsthat preventthe build-up of static electricity. Both
conductiveanddissipativematerialsare classifiedasAntistatic Insulativematerialsare not.

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 Non-ESD smocks, synthetic material, /88D shoes, hair
Personnel

Chairs Finished wood, vinyl, fibreglass, noanductive wheels

Packaging and Plastic bags, wraps, envelopes, bubble wrap, foam, StyrofoariE8a@ntotes,
Handling Materials| trays, boxes, and parts bin

Assembly Tools an| Pleasure sprays, compressed air, synthetic brushes, heat guns and blowe
Materials copiers and printers

TypicalStatic VoltageGeneration

Source 10-20%Humidity (in Volts) 65-90%Humidity (in VVolts)

Walkingon carpet 35000 1500
Walkingonvinylflooring 12000 250
Workeratabench 6000 100
_melen_velopes(work 2000 600
instruction)

Plastidbagpickedup from the 20000 1200

bench

Workchairwith foampad 18000 1500
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UNIT 5.3: ESD Safety Procedures

- Unit Objectives |©@

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

1. Discusghe methodsfor identifying ESBsensitiveparts, packagesandareas,includingthe useof
precautionarylabels,packagingandhandlinginstructions

2. Describeproper handling, storage, and stackingmethods for ESBsensitivecomponents,sub-
assembliesandassemblieso preventfailures

3. Demonstratethe correctmethodto packandunpackelectroniccomponentsin compliancewith
ESDprocesses

4. Showhow to handle semifinished productsafter assemblyoperationsusingESEfree trays and
conveyorines

— 5.3.1 Safe Cleaning Practices

Thevariousmaterialsto be usedby the housekeepingstaff for cleaningare:

A Cleaning |
Agents

&Y

y &

Nlanual
Equipment

[ Powered
] Equipment

\

Fig.5.3.1: Cleaningrocess

A. CleaningAgents
w Solvents
» Asolventisaliquidthatiscapableof dissolvingaliquid or solidsolute,producingasolution
» Wateristhe widelyusedsolventin dailylife
» Watercanalsodilute anycleaningsolutionfor easeof usage
» Warmwater dissolvesolutessuchassoapfasterthancoldwater
w Detergents& Soaps

» Soapsand detergentsare used as cleaningobjectsbecausepure water cannotremove
organicsoilingor oily particles

» Soapsoneofthe rare objectghat allowwater andoil to mixso thatrinsingcantake care
of the removalof the oily grime

» Detergentsjntermsof properties,aresimilarto soap.However they arelesslikelyto form
soapscumandare not hugelyimpactedby the presenceof mineralparticlesin hardwater
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» Detergentdo be useddependon:
§ Materialto becleaned
§ Cleaningquipmentto be used
§ Typeofdirt
w LigquidCleaningAgents
» Liquidcleaningagentscanbe either diluted in water or useddirectlywith adry cloth.
w WashingSoda

» Itisusefulfor emulsifyinggreaseon drainpipesguttersor stonesurfaces
» Instrongconcentration,it couldbe anirritant andinjuriousto skin,fabricsbrusheswood
andpaint

» Washingsodaisusefulasawater softener.
w Sodabars,Powdersand Flakes

» In recent days,normal soapshave been substituted by excellentsynthetic soap which
comprisesessdetergentsandlessaffectedby hardwater

Theygivelather promptly
Theyshouldbe madethoroughlydissolvedn water
Shouldbe usedin right proportionandconcentratiorfor bestoutcomes
Shouldbe keptor storedon openshelvesn adry storagearea
w Acid
» Acidsareusedto removemetalstains
» Lemomandvinegarare usedto removethe tarnishof brassandcopper
» Resistantvater stainsisremovedwith strongeracidssuchashydrochloricacidor oxalicacid
» Thisshouldbe usedunderexperiencedandstrict supervisiorto avoidrisks
w Alkali

» Sodiumhydroxide,ammoniaand causticsodaare alkalisand are used as stain removal
agentsandgreaseemulsifiers

» Strongalkalinecleaningagentsbasedon liquid or causticsodain flakesare availablefor the
cleaningof largeindustrialequipment,andblockeddrains

» Extremecareisto betakenin their useastheyareverystrongandare highlycorrosive
w Absorbents

» Theseperform the cleaningaction by absorbingthe stain or grease for example,
starch,Frenchchalkpowders,andbesanor gramflour.

» Theirconstituentsmaydiffer andmanyare of vegetableorigin.
» Unlikeabrasivesthey are not manufactured
w Toilet Disinfectants& Antiseptics

» Disinfectant® Antisepticsare not strictly cleaningagentsbut are often usedduringcleaning
operations

» Disinfectantill bacteria
» Antisepticgpreventbacterialgrowth.

vVvyyvyy
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B. ManualandPoweredEquipment

Manual cleaningtools and equipment are operated by hands while Poweredequipment are
connectedo apowersupplyor battery.

w Funnel

w Rubber

w Spatula

w FloorMop

w BowlSwab

w PlasticCaddie

w SprayBottle

w CobwebCleaner

w DryVacuumCleaner(Commercial)
w SuctionDryer

w «DustPanandBrush

w BucketandMug SqueegeeScrubbingBrushSponge
w Scraper

— 5.3.2 Safe Cleaning Practices

Usesof PersonaProtectiveGear

A Personal Protective Equipment, commonly termed as PPE, is specialized clothing or
equipment worn and used by employeesfor safeguardingthemselvesagainst Occupational
Healthand Safetyhazards

A Suchclothing are aimed at protecting different parts of the body, like hands,eyes,ears, face,
feet, headetc.

Hereisatable of personaprotectiveequipmentthat arewidelyused

A Hand Gloves ¢ Used for protecting the hands from harmful and corrosive chemicals,
extremetemperatures sharpand contaminatedobjects Forexample Nitrile glovesare usedfor
protecting the hands against solvents, oils, greases,tar, acids and alkalis Glovesmade of
natural rubber or Latex are used for protection againstcontaminationsand biohazardrisks
Asbestoglovesareworn while dealingwith extremelyhot materials

A Safety Shoesc Theseare made of highly durable and robust material and protect the feet
from injuriesdueto cutsandbruises

A SafetyGoggles; Theseprotectthe eyesfrom harmfulradiation,dustparticlesandsplinters

A Masks and Face Shields These are worn especially during welding, gas cutting and
brazingoperations,in order to protect the face from direct flame, extreme temperatures,dust
particlesandsplinters

A Apron ¢ Thisprotectsthe clothesfrom dust and other impurities Theseare often heatresistant
andanti-abrasivein nature.

A EarMuffs ¢ Theseare usedin extremelynoisy placeslike workshopsand factories,to protect
the earsfrom damages

A Respirators- Themasksof the Filtering FacePieceGrade3 (FFB) specificationthat allow only
5%

A airpollutantleakageandfilter around99%of the particlesupto 0.6 > Y
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Peopleare one of the prime sourceof staticelectricity. Themotionsrequiredto repaira circuitboard
or the act of walkingaround can produce severalthousandvolts of static electricity on the human
body. If it is not controlledaccuratelythis candischarganto an ESBsensitivedevicesimilarto atypical
HumanBodyModel discharge A person(humanbody) canalsotransfer chargeto a circuit board or
otheritemsmakingthosevulnerablesubsequently

Evenin test processesand highly automatedassembly peopleneedto handleESD$ repair, in the
warehouse,in transport, in the lab. Thus,ESDcontrol programmesput considerableemphasison
regulatingpersonnelgeneratedstatic electricity. Ona similarnote, the movementof mobile equipment
andother wheeledtools alsocanproducesubstantiaklectrostaticchargeghat transferto the products
attachedto the equipment

HeadProtection

Fig. 5.3.2 Safety Helmet

Headinjury canimpairaworkerfor the lifetime. Wearingsafetyhelmetisthe easiestvayto avoidsuch
situations.Safetyhelmetisusedto ¢

A Protectheadfrom fallingobjectsandknocks

A Reduceiskof headbumpingagainstiixed objectslike exposedipesandbeams

A Protectheadfrom accidentaklectricalhazards

Safetyhelmet comesin different forms. Somehelmetsinclude other protective elementssuchas
gogglesparmuffsattachedto it. Safetyhelmetshouldbe worn onthe head,not onanyhat or cap.

EyeProtection

Safety Goggle Safety Spectacle Facemask

Eyeis one of the mostdelicateorgansof the body. Assemblings a job which comeswith varioushazards
relatedto eye damage Forexample sawdust, smallpiecesof sharpobjectsmay causedamageto the
eye Therefore gyeprotectionmustbe used Somewidelyusedeye protectionare ¢

A SafetyGoggle

A SafetySpectacle

A Facemask




