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- About this book

Indiais currentlythe ¢ 2 NJseRdddlargesttelecommunicationsnarket, with a total subscribebaseof
approximately1.188 billion as of October2024 Asof June30, 2025 the total number of telephone
subscriberseached1.218 billion, with wireless(mobile plus 5G FWA)subscriptionsat 1.171 billion,
illustratingcontinuedrobustgrowth.
Overthe pastdecadeand a half, the telecomindustry haswitnessedexponentialexpansion Internet
(broadband) connectionssurged nearly 386 million between March 2014 and June 2024 while
broadbandconnectionghemselvegrewmore than fourteenfold Thissurgereflectsnot only growthin
subscribemumbersbut alsodramaticimprovementsn accesandserviceaffordability.
Thetelecomsectorhasbeeninstrumentalin L y° R $otio@cdnomidevelopment playinga keyrole in
bridgingthe ruralcurbandigital divide,enhancingconnectivity andfuellingdigitalinclusion
Accordingto data from around 2020;2021, the industry contributed about 6% of L Yy’ R &DPari
supported 2.2 million direct jobs and 1.8 million indirect jobs While more recent estimateson GDP
contribution specificallyfrom telecom aren't available,the broader ICTand digital economy sector
contributesover 13%of India'sGDPunderscoringhe telecoma S O {g@wWidgeconomicsignificance
Lookingahead L y R uptomitigNationalTelecomPolicy(NTP)aimsto further catalysegrowth. Among
its goalsare doublingtelecom exports, achievinguniversalaffordable connectivitythrough terrestrial
and satellite networks,and creatingone million new jobsby 2030 Thepolicyalsoseekso increasethe
telecoma S O (GPRsEagefrom around7.8%to 11%by 2030and attract 1.5 lakh crore annuallyin
telecominfrastructureinvestment
ThisParticipantHandbookdeliversboth theoretical knowledgeand practicalskill training for aspiring
SurfaceMount Technology{SMT)Techniciann the telecomsector.
Keyresponsibilitiesinclude:
w Executescreen printing of solder paste onto telecom PCBsin line with prescribed process
parameters
w Perform accurate component placement on PCBsusing automated and manual techniques,
ensuringalignmentand correctorientation.
w Operatethe reflow solderingprocessto achievedefectfree solderjoints by maintainingprecise
temperatureprofiles
w Conductthorough cleaning and inspection of PCBsto detect soldering defects, component
misalignmentpr other faults,ensuringguality and compliance
w Carryout functionaltesting and segregatiorof PCBsidentifying and rectifying defective units by
performingrepairsandreworkwherenecessary
w Operate and maintain SMT equipment and tools, following standard operating proceduresto
ensureuninterruptedproduction
w Apply sustainabilitypracticesin telecom production and assemblyprocessesfocusingon energy
efficiency wasteminimization,andproper handlingof electronicmaterials
Aligned with the latest and approved version of Surface Mount Technology (SMT) Technician
(TEL/Q501, v5.0), the handbookincludesthe following NationalOccupationaStandardgNOSS)
TEL/N503 ScreerPrintingof PCBs
TEL/N504 Componenflacemenbn PCBs
TEL/N505 Reflow solderingon PCBs
TEL/N502 Cleaningand Inspectionof PCBs
TEL/N107. Followsustainabilitypracticesn telecomproductionand assemblyine processes
DGT/VSQ/N101 EmployabilitySkills(30 Hours)

o U s~ wWwbhNPE
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Uponcompletion, participantswill be equippedto:
w Executethe complete SMTassemblyprocessin the telecomsectorwhile maintaininghigh-quality
productionstandards
w Perform screenprinting, component placement,reflow soldering,PCBcleaning,and inspection
with precisionandin alignmentwith industrypractices
w Identify defective PCBghrough inspectionand perform corrective actionsto ensure functional
telecomhardware
w Operateand maintainadvancedSMTmachinery,optimizingproductionthroughput and adhering
to safetyandquality standards
w Implementsustainablepracticesduring productionto minimizeenvironmentalimpactandreduce
energyconsumption
w Communicateeffectively with team members and supervisors,applying problemsolving skills
under pressureto maintainsmoothproductionflow.
w Exhibitprofessionalismgiscipline,and strong workplaceethics, contributing to a productiveand
efficientwork environment
w Collaborate proactively in teams, supporting shared operational goals, and demonstrating
responsibilityand accountability
w Managetime efficiently and focus on processstandardizationto enhanceproductivity without
compromisingon quality.
We trust this ParticipantHandbookwill offer strong learningsupportand help budding professionals
carveout engagingandrewardingcareersn India'sdynamictelecomindustry.

— SymboldUsed
b AN \
g g Bl [ |©
- = 2
Key Learning Steps Notes Practical Unit
Outcomes Objectives
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1.

—KeyLearningOutcomes

Bythe end of this module, the participantswill be ableto:

17.
18.
19.
20.

l@:—

Identify basicelectricalquantities voltage,current, resistanceand power with their units.
Listfactorsaffectingresistancematerial,length,crosssection,andtemperature

Defineh K Y Ia&andits relationbetweenvoltage,current,andresistance
Differentiateseriesand parallelconnectionshy their current, voltage , andresistanceébehavior
Listtypesof electroniccomponentsresistors capacitorsdiodes transistors ICs etc.

Identify applicationof diodesandtransistorsin rectification,amplification,and switching
Demonstratefunctionsof basiclogicgatesusingtruth tablesand examples
Assesspplicationsof transmittersandreceiversn communicatiorsystems

Distinguisttypesof switches toggle,pushbutton, DIP andslideswitches

. Identify different power supplies linear, switching,UPSand batteries

. Classifyamplifiers voltage,current, power,and operationalamplifiers

. Listapplicationsof multiplexersand demultiplexerdn datarouting andsignalmanagement
.Identify PCBparts: tracks,vias,pads,silkscreensoldermask,and substrate

. DifferentiatePCBayers component,soldermask silkscreenpower,ground,andsignallayers
.Listthree PCBypes singlelayer,doublelayer,andmulti-layer.
.AnalysePCBperformancerequirements electrical, mechanical thermal, and manufacturability

aspects

ListPCRlesignsteps schematicapture,placementrouting, DRCand Gerbergeneration
Identify PCBnspectionchecksvisual,electrical,solderjoints, layeralignment,and dimensions
ExecutePCR:leaningbefore pattern transferto removedust,grease and oxidation
ListIPCstandardsIPGA-600, IPGA-610, andIPC2221
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UNIT 1.1Fundamentals of Electronics

— Unit Objectives |@

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

1. Identify and explainbasicelectrical quantities, includingvoltage, current, resistance,and power,
alongwith their units.

2. Listand describefactors affecting resistanceof an element, suchas material type, length, cross
sectionalarea,andtemperature

3. Defineh K'Y Dadvand explainthe relationship between voltage, current, and resistancein an
electricalcircuit.

4. Differentiatebetweenseriesand parallelconnectionsin terms of currentflow, voltagedistribution,
andoverallresistance

— 1.1.1 Electric Charge

An electric charge is a fundamental property of matter, rooted in the atoms that make up all
substances Atoms contain positively charged protons, negatively charged electrons, and neutral
neutrons An object becomeselectricallychargedwhen the number of electronsis either more or less
than the numberof protons If an objecthasmore protonsthan electrons,it hasa net positivecharge
Converselyif it hasmore electronsthan protons,it hasa net negativecharge

The electric charge is a conserved quantity, meaning it cannot be created or destroyed, only
transferred It is representedby the symbolQ andis measuredn CoulombgC) OneCoulombis a very
largeamountof charge equivalentto the chargeof approximately6.24R1018electrons

— 1.1.2 Electric Current

Electriccurrent is the flow of electric charge,typicallyin the form of electrons,through a conductive
material It's the rate at which these chargespassa specificpoint in a circuit. In simplerterms, it's a
measureof how manyelectronsare flowing per second

Theunit of electriccurrentin the International Systemof Units (Sl)is the Ampere(A), often shortened
to amp. Constantcurrentis denotedby the symboll. Oneampereis definedasone Coulombof charge
flowing pasta point per second

Therelationshipbetweencurrent,charge andtime is givenby the formula:
=Q

wlisthe averagecurrentin Amperes

wQisthe total chargein Coulombs

wt isthe time in seconds

By convention,the direction of current flow is defined asthe direction a positive chargewould move,
from the positive terminal to the negativeterminal of a power source Thisis oppositeto the actual
flow of electrons whichmovefrom the negativeterminalto the positiveterminal.

"




Participant Handbook

—1.1.3 Voltage (Potential Difference)

Voltage,alsoknown as potential difference,is the differencein electric potential energybetweentwo
points in an electricfield. It's the "pressure"that pusheselectric chargesthrough a circuit. Voltageis
determinedby the amountof work requiredto movea unit of charge(one Coulomb)from one point to
another

|

!

Fig 1.1.1 How Voltage Works

Theunit of voltageis the volt (V). Onevolt is definedasone Jouleof work per Coulombof charge The
formulafor voltageis:
V=W/Q

w Visthe voltagein Volts

w Wisthe work donein Joules

w Qisthe total chargein Coulombs

Voltagecanbe constant,known as DC(Direct Current)voltage,or it canvary over time, knownasAC
(Alternating Current)voltage DCvoltageis producedby sourceslike batteriesand solarcells(e.g., 12
VDC)while ACvoltageis typically generatedby power plants and is what comesfrom standardwall
outlets(e.g., 240VAC)

—1.1.4 Resistance

Resistancés the oppositiona materialor a circuitcomponentoffersto the flow of electriccurrent It's a
measureof how mucha material resiststhe movementof electrons Themore resistancea circuit has,
the morevoltageisrequiredto pusha givenamountof currentthroughit.

Resistanceis measuredin Ohms 6 m Waterials with low resistanceare called conductors, while
materialswith very highresistanceare calledinsulators

Severafactorsinfluencethe resistanceof a materiat

L
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w Length Resistancas directly proportional to the length of the material A longer wire offers

moreresistance

w CrosssectionalArea Resistances inverselyproportional to the crosssectionalarea A thicker

wire haslessresistance

w Material Type Different materialshave different propertiesthat affect resistance Conductors,
like copper,havelow resistancewhile insulators like rubber, havehighresistance

w Temperature Formostconductorsyesistancencreasesastemperaturerises

Fig 1.1.2 Resistor symbols

Theresistanceof a materialwith uniform crosssectionalareaA andlengthl canbe calculatedusingthe

formula:
R= /A
wRisthe resistancan Ohms

w’ (rho)isthe resistivityof the material,a fundamentalproperty of the materialitself.

wlisthe lengthof the material
wAisthe crosssectionalarea
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—1.1.5 Ohm's Law

Ohm'sLawis a fundamentalprinciple in electronicsthat describesthe relationshipbetween voltage,
current, and resistancein an electrical circuit It statesthat the voltage acrossa resistor is directly
proportionalto the currentflowingthroughit.

Themathematicalexpressionof Ohm'sLawis: V=PR
w Visthe voltagein Volts
w listhe currentin Amperes
w Risthe resistancen Ohms

Thisformula can be rearrangedto find any of the three variablesif the other two are known For
exampleto find the current, the formulais I=V/R,andto find the resistanceit isR=V/I

P = Watts R = Ohms

CAId mMdmPo hKYQaA [ g

—1.1.6 Power

Electricalpower is the rate at which electrical energy is transferred or consumedin a circuit It is
measuredn Watts (W). Onewatt is equalto one Jouleof energyper second

Themostcommonformulafor electricalpoweris:
P=\H

w Pisthe powerin Watts.

w Visthe voltagein Volts

w listhe currentin Amperes

Thisformula showsthat power is directly related to both voltage and current. In a resistive circuit,
power canalsobe calculatedusingother formsof Ohm'sLaw

P=PPR
P=\2/R
Aresistor'spowerrating, or wattage,indicatesthe maximumamountof powerit cansafelydissipateas
heatwithout beingdamaged If the power flowing through a resistorexceedsts rating, it will overheat
andfail.

L
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—1.1.7 Inductance

Inductanceis the property of an electricalconductorto resistany changein the electriccurrent flowing
through it. Thishappensbecausea changingcurrent createsa changingmagneticfield, which in turn
inducesan opposingvoltage (backelectromotiveforce, or back EMF)in the conductor. Thisinduced
voltageworksagainstthe changein current
Thiseffect is most prominent in a coil of wire, known as an inductor or choke When current flows
throughthe coll, it createsa magneticfield. If the currentincreasesthe magneticfield strengthensand
the inducedbackEMFopposeghis increase If the current decreasesthe magneticfield weakensand
the backEMFopposeghe decreaseby trying to maintainthe currentflow.
Theunit of inductancesthe Henry(H). Smallemunits like millihenry (mH) andmicrohenry(> ) are more
commonlyused Theinductanceof a coildependsonits physicalproperties L=N> ! Kk {

w Listhe inductancein Henries

w Nisthe numberof turnsin the coil.

w > (mu) is the permeability of the core material, which measuresits ability to support a magnetic

field.

w Aisthe crosssectionakreaof the core

w listhe lengthof the core

Inductorsare designedto concentratethis magneticfield, often by wrappingthe wire around a core
madeof amagneticmateriallike powderediron or ferrite.

—1.1.8 Capacitance

A capacitoris an electronic componentthat stores electrical energyin an electric field. It typically
consistof two conductiveplatesseparatedby an insulatingmaterial calleda dielectric Whena voltage
is appliedacrossthe plates,one plate accumulatesa positive chargeand the other a negativecharge,
storingenergy

Theability of a capacitorto store chargeis calledcapacitanceTheunit of capacitancés the Farad(F)

OneFaradis a largeamountof capacitanceso smallerunits like microfarad(> £and picofarad(pF)are
more.common

Capacitorsare categorizedby the type of dielectric material used, as this greatly affects their

performance Commondielectricmaterialsincludeceramic,paper, mica,and plasticfiims. Examplef
capacitorsinclude ceramic discs, which are often used in highfrequency circuits, and electrolytic
capacitorswhichare polarizedand canstore alargeamountof charge

—1.1.9 Series and Parallel Connections

When electroniccomponentslike resistorsare connected they canbe arrangedin either a seriesor a
parallel configuration The arrangement determines how voltage and current are distributed
throughoutthe circuit

SeriesConnection

In a seriescircuit, componentsare connectedend-to-end, forming a singlepath for the currentto flow.
Thesamecurrent flows througheverycomponentin the circuit Thetotal resistanceof a seriescircuitis
the sumof the individualresistances
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Current Thecurrentisthe samethroughall resistors

[total=11=12=I3...

Voltage Thetotal voltageisthe sumof the voltagedropsacrossachresistor.
VtotaEVI+\2+\3...

ResistanceThetotal resistancas the sumof all resistances
Rtotal=-R+R2+R3...

ParallelConnection

In a parallel circuit, componentsare connectedacrosseach other, creating multiple paths for the
current. The voltage acrosseachcomponentis the same,but the total current is divided amongthe
branches

Current Thetotal currentisthe sumof the currentsflowingthrougheachbranch

[total=11+2+I3...

Voltage Thevoltageisthe sameacrossall resistors

VtotaFV1=\2=\3...

Resistance The reciprocal of the total resistanceis the sum of the reciprocalsof the individual
resistances

Rtotall=RL1+R21+R31...
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UNIT 1.2Basic Functionality of Common Electronic Compone

— Unit Objectives |©@

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

Listandclassiffcommonelectroniccomponents

Explairthe workingprinciplesand applicationsof diodesandtransistors

Demonstratethe logicoperationsof basiclogicgates(AND,OR,NOTNANDNORXORXNOR)
Assesshe role and applicationsof transmittersandreceiversn communicatiorsystems
Differentiatebetweenvarioustypesof switchesbasedon their operationanduse

Identify and describedifferent typesof power supplies(linear,switching)

Classifyamplifiersby type (e.g., voltage,current, operational)and application

Explairthe functionandapplicationsof multiplexersand demultiplexersin datarouting.

ONoGO~LONE

—1.2.1 Types of Electronic Components

Basicallythere aretwo typesof electroniccomponentsactivecomponentsand passivecomponents

1. Active Components

Active componentsrefer to those componentswhich require externalpower supplyto operate them
suchasdiode,transistor,integratedcircuits,mosfetsand soon.

2. PassiveComponents

Astheir namesuggestspassivecomponentsdo not require any electricalpower to operate,unlikethe
activedeviceghat needto be poweredto makethem work.

Passivedevices do not offer amplification, gain or directionality to a circuit But they provide
attenuation to the circuit as they have a gain lessthan unity. Hence,the passivedevicescannot
generate amplifyor oscillatean electricalsignal

Passivalevicescanbe usedindividually Theyare usedto control complexcircuitsor signalsby getting
connectedtogetherin seriesor in parallelcombination Theyare alsousedfor generatinga phaseshift
to signalor providingsomeform of feedback But, sincethesedeviceshaveno power gain,they cannot
multiply a signalby morethan one.

Passivedevicesconsumepower in a circuit They act like attenuators, whereasthe active devices
providepowerto acircuit

Passivadevicesare bi-directional components Thus,in a circuit, they can be connectedeither way if
they R 2 yh&véa polarity marking for example,electrolytic capacitors The flow of the current from
the positiveto negativeterminaldeterminesthe polarity of the voltageacrosghe passivedevices
Somebasicpassiveelementsare resistor,capacitorandinductor.

&
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— 1.2.2Diode

A diode is an electricalsemiconductordevice It works as a one-way switch to permit the
currentto flow throughit in one directiononly. A diode showsan exponentiall-V relationship
and hence, it does not have a linear relationship with the applied voltage Therefore, its

operationcannotbe explainedusingequationssuchasOhm'slaw. Thefollowingfigure shows
the I-V characteristicef adiode:

Diode |-V Characteristics

Ir A
mA
Conventional Current Flow
_' > -
Forward Voltage
Drop
<2 Pl «
Anode Cathode
a K Quadrant I
L o Forward Operating
Reverse Breakdown Region
Voltage
Vi, |
Silicon Diod fi
I-V Characteristics 4 Leakage |
Current | Viknee
0.3V Germanium
Reverse Operating
Region Ie
mA

Fig.1.2.1:1-V characteristicef adiode

Thearrow in the abovefigure points in the direction in which current flows. Anode (A) and
cathode(K)are the two terminalsof the diode in whichthe cathodeis the negativeend and
canbe identified by the bandmarkedoniit.

AdiodecanbeeitherW ¥ 2 N&A INRYRB @6 NE Snldaibe explainedasfollows:

Forward biased

The anode terminal of the diode is more
positive than the cathode terminal
minimum 0.7 volts in case of a silicon
device

Reversediased

The anode terminal of the diode is more
negativethanthe cathode

It permits the current to flow through the
device

It resists the flow of the current till its
reversebreakdownvoltageisreached

Thediodebecomesunstableat this point.

Fig.1.2.2:Forwardbiased oreversediased conditionf diode

Diodesare made of semiconductomaterialswhich includesiliconand germanium Unlikein
silicondiodes,the conductionin germaniumdiodesoccursif the forward biasingvoltageis 0.2
voltsor more. Diodescanbe classifiedasfollows:

1 Smallsignal diodesUtilisedin multiple low voltageapplications
1 Powerdiodes:Utilisedin mains poweredircuitsandin rectifying

Sincediodes are devicesin which current flows in one direction only, they cannot be
haphazardlgonnectedn series
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Thefollowingfigure showsthe combinationof diodesin seriesconnection:

Fig.1.2.3:Combinatiorof diodesn seriesconnection
Inthe abovecombination,only circuit Awill conductcurrent.
Applicationsof Diode

Diodescanbe usedin manyways Theycanwork asa half waverectifier, a full waverectifier,
aswitchandsoon.

Diodeasa Switch

In caseof forward bias,if the voltageof the diode exceedshe thresholdlevel,generally0.6V,
then the diode performsasa short circuit and permitsthe currentto pass In caseof reverse
bias,that is if the polarity of voltageis changedthe diode performsasan open circuit and
doesnot permit the currentto flow. Thefollowingfigure showsa diodeasa switch

#
lIF

Fig.1.2.4:Adiodeasa switch
DiodeasaHalfWaveRectifier

The followindigure showsa diode asa halfwaverectifier:

Fig.1.2.5:Adiodeashalfwaverectifier

P
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The following figure explainsthe working of a diode as a half-wave rectifier (from above
figure):

Duringthe positive half cycleof the Duringthe negativehalf cycleof the

input supply(sinusoidalwave): input supply(sinusoidawave):

A Anodeismadepositivewith respect A Anodeismadenegativewith respect
to cathode so thaliodegets forward to cathode so thaliodegetsreverse
biased.These results flow of a biased.
currentto the load. A Nocurrentflowsto the load.The

A Sincethe loadisresistive, the circuitbecomesopencircuit andno
voltage acrosghe loadresistorwill voltage appearsacrosghe load.

be sameasthe supplyvoltage; that
meansthe input sinusoidaloltage
will appear atthe load.

A Theloadcurrentflowisproportional
to thevoltageapplied.

Fig.1.2.6:Workingof diodeasa halfwaverectifier

Thepolarity of the currentat the loadisidenticalto the polarity of the voltageof the load. The
output voltageis hencea periodic current, that is, pulsatingDC A capacitoris usedin the
rectification circuit It is connectedacrossthe load so that a stable, continuousDCcurrent
devoidof ripplesis produced

Diodeasa FullWaveRectifier

Thefollowingfigure showsa diodeasa full waverectifier:

D, N
T g—TlV Ry j e R~ e ~ Vmax
VIC lv e F : ¥ _+_ 1 —:_—o.e\?;\fm
J 0 ’f 2n 3n (>ot
Dz"

Fig.1.2.7:Workingof diodeasa full waverectifier
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Diodeasa FullWaveBridgeRectifier
Thefigure showsa diode asa full wavebridgerectifier:

Fig.1.2.8:Workingof diodeasa full wavebridgerectifier

ZenerDiode

A zenerdiode is a specialiseddiode that canbe usedin placeof a semiconductorjunction diode. The
latter is usedto blockcurrentflow in reversedirection At times, whenthe voltagein this type of diode
exceedsa limit, the PNjunction of the diode breaksdown and it getsdamaged Thecurrent beginsto
flow in the circuit at this breakdownvoltagewhich is also called peakreversevoltage In suchcasesa
zenerdiodecanbe usedinstead Thfollowingfigure showsthe characteristic®f Zenerdiode:

w It is designedto operatein the reversebiasedmode in sucha way that at a certain breakdown
voltage point, the reverse voltage causesthe diode to conductin a controlled way, thereby
allowingareversecurrentto flow through a serieslimiting resistor(Rz) Thisbreakdownvoltageis
calledthe zenervoltage(V2.

w Thebreakdownvoltage point of a zenerdiode, Vz is determined by the dopingtechniqueused
duringits manufacture Zenerbreakdownvoltagesrangefrom 2.7V to about200V.

w Thevoltage,Vz acrossthe zenerdiode remainsreasonablyconstantover a wide rangeof reverse
currentspassinghroughthe diode.

Thefollowing figure showsthe working of a zenerdiode:

+lg
Forward

+VE
Forward bias

1Z(min)

12(max)

Constant
zener voltage -Ir 223-034335

Fig. 1.2.9: Working of zener diode

I
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In the above figure, a zener diode is shown with its reverse bias characteristics A region can be
observedwhere nearly constantnegativevoltage hasbeen depicted Theregionis unaffectedby the
magnitudeof the current flowing acrossit. Thechangesn the magnitudeof the load current doesnot
affectthe voltageof this region

Thisspecialcharacteristicof a zenerdiode to remainin control at all times canbe employedto keepa
voltagesourcestabilisedagainsthe variationsin the load or supplymagnitude

—1.2.3 Transistor

A transistoris an electronicsemiconductordevice It is made by includinga semiconductordayerin a
PNjunction diode. Wheneverthere a minute changein the current flowing in one lead, the transistor
functionsasa conductoror aninsulator. It producesa considerablechangein the current, voltageand
power with its other two leads Thetwo fundamentalfunctionsof a transistorwithin an electricalcircuit
areasfollows:

wAmplification(in analogcircuits)

wSwitching(in digital circuits)
Thefollowingfigure showsthe basicconstructionof a bipolartransistor.

NPN PNP
Collector ' Emitter
Base :; Base
Emitter Collector
cBE CBE

Fig. 1.2.9: Basic construction of a bipolar transistor

Bipolartransistorsare usedas current regulatingdevices Theyact like current-controlled switchesby

controllingthe amountof currentacrosghem in proportion to the amountof biasingvoltageemployed
to their baseterminal. Thereare basicallytwo typesof transistors NPNand PNP Theiroperationsare

basedon the sameprinciple but the differenceliesin their biasingaswell asthe polarity of the power

supplyappliedto them. Thefollowing figure showsthe symbolsand circuit diagramof NPNand PNP
transistors
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Fig. 1.2.10: Symbols and circuit diagram of NPN and PNP transistors

w Thearrowsin the circuitin the abovediagramrepresentthe directionof the conventionalkcurrent
flow betweenthe baseandthe emitter terminal.
w Forboth transistortypes,the directionof the arrow pointsfrom positive P-type regionto negative
N-type region,whichis sameasfor a standarddiode symbol
Bipolar transistors can operate within three different regions The following figure lists the three
regions

Active Region }
1
)

' saturation Region
= Transistor is 'Fully-ON', operating as a switchand Ic = | (saturation).

- Cut-off Region }

« Transistor operates as an amplifier and I. = B.L..
«Itis 'Fully-OFF', operating as a switchand Ic= 0.

Fig. 1.2.11: Three regions of a bipolar transistor

&
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Transistorasan Amplifier
Thefollowingfigure showsworkingof a transistorasan ampilifier.

WhenVe =0
1 v ls = Max
R 7 Active Region
60
50
Q-pownt
80
% : i
20 \

A/
8 w0 12 (Vi

Ver * WV When b =0 Ve = V; |

D e G ] —

= 10.1 - VEC R, s 2 4
b2 > Vo R, + R,

Fig. 1.2.12: Working of a transistor as an amplifier

In the abovefigure, a changeof 0.1 V in the input voltage producesa changeof 1 mA in the emitter
current Thisemitter currentthen producesa changeof 1 mAin the collectorcurrent

If aloadresistanceof 51 s placedat collector,it will producea voltageof 5 V (calculatedas51 M1
mA). Therefore,a changeof 0.1 V in input producesa changeof 5v in output, amplifyingthe voltage
levelof the signal

Thefollowing table explainsthe currentgainand voltagegain

Current Gain Voltage Gain

The gain in terms of current when changesin| The gain in terms of voltage when changesin
input and output currentsare observedjs called| input and output currentsare observed,is called
asCurrentgain asVoltagegain

By definition, it is the ratio of the changein| By definition, it is the ratio of changein output
collector current 6 p Lid the changein base| voltage
currento nL . 0 0 n * fothéchangeninputvoltaged n +.. 9

Currentgaing 'nL/ kplL. Voltagegain,! = I'n+/ 9=« p+. 9
Changein output current x effective load Change
in input current x input resistance

The value of | rangesfrom 20 to 500. The
current gain indicates that input current
becomes timesin the collectorcurrent

P
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—1.2.4 Logic Gates

Logic gates are electronic circuits that are used to processsignalswhich representtrue or false
Normally the positivesupplyvoltage(typically+5 V)isrepresentedtrue and0 Vis representedasfalse
Thefollowing figure lists the termsrelated to logic states

Logic States
True |False
1 0
High |Low
On |Off
+5V |0V

Fig. 1.2.13: Terms related to logic states

Thefollowing figure lists the basiclogic gates,their symbolsandtruth tables

’
' | AND Gate |
" % The AND gate generates a high output (1) only if all its 010 0
p— inputs are high. The AND operation is represented by a 0 |1 0

RO dot (.); for example, A.B. Sometimes, the dot is omitted 110 0
and AND operation is represented as AB. ] L !

\_ >

- ™ [2Input OR gate
T A B A+B

OR Gate D 0 0

i~ 4| The OR gate generatesa high output (1)if at least one ' é :

R inputis high. A plus (+) is used to represent the OR 1 1 3
operation.

\\—'—_——) J

n NOT gate
NOT gate TLr
» The NOT gate, also known asan inverter, produces an 0 1
= inverted version of the input at its output. If the input 1 0
variable is A, the inverted output is known as NOT A,
shown as A', or Awith a bar over the top.

Fig. 1.2.14: Basic logic gates, their symbols and truth tables

&
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Thefollowing figure lists the universalgates,their symbolsandtruth tables

& NAND Gate N
This is a combination of an AND gate and a NOT 2 !? n I;AND %—
— gate. NAND gates produce high outputs if any of the 010 1
Vo inputs is low. 01 1 1
It isrepresented by the symbol of an AND gate with a : ? ["
\_ small circle at the output representing inversion. .
© _ _NORGate B
The NOT-OR gate is a combination of an OR gate and a 2 :""' goul'f.:a—
.~ ,..|NOT gate. NOR gates produce low outputs if any of the o T o 3
P e inputs is high. 0 1 0
It is represented by the symbol of an OR gate with a small 1 10 0
\ ) Sty =
k- circle at the output representing inversion. i ! ! 0

Fig. 1.2.15: Universal logic gates, their symbols and truth tables

Thefollowing figure lists the combinationalgates,their symbolsand truth tables

) 2 Input EXOR gate
X-OR Gate Al B | A®B
0 0 0
The 'Exclusive-OR' gate produces a high output 0 1 1
‘| when either of its two inputs, but not both, are high. 1 0 1
The X-OR operation is represented as an encircled 1 1 0
plus sign (D).
.

& N 2 Input EXNOR gate
X-NOR Gate AT T AEE
The 'Exclusive-NOR' gate circuit does the opposite to 0|0 1
the X-OR gate. It generates a low output when either 0 /1 0
of its two inputs, but not both, are high. Itis } ‘1’ ?
represented as an X-OR gate with a small circle onthe
output representing inversion.

, J

Fig. 1.2.16: Combinational logic gates, their symbols and truth tables
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—1.2.5 Transmitter

A Transmitteris defined as a combination of one or multiple electronic circuits or deviceswhich
convertsthe sourceinformation, also called as basebandsignal,to a form suitable for transmission
Transmittersare usedin the systemwhere the senderencodeshe information. AM radio transmitters
and mobile phones are some of the examples The following figure lists some characteristicsof
transmitters

wlt mustgeneratea signalof desiredfrequency

wlt must provide someform of modulationthat allowsthe information signalto modify a signalof
higher frequency, also known as the carrier signal Amplitude Modulation (AM) and Frequency
Modulationare commonlyusedin broadcasting

wlt must provide power amplificationto ensurethat the signallevelis high Thisshouldbe in sucha
waythat it will carryoverthe desireddistancefor whichthe signalisto be sent

—1.2.6 Receiver

Areceiveris a collectionof variouselectroniccircuitsand deviceswhich acceptsthe signaldransmitted
from the transmissiormedium and then convertsthem backto their originalform understandableoy
humans Televisioris a goodexampleof a receiver Thefollowingfigure liststhe primaryrequirements
for acommunicatiorreceiver

Selectivity Sensitivity

It isthe ability of areceiverto selecta It isthe ability of areceiverto pickup weak
signalof adesired frequency while signals.

rejecting those on closely adjacent

frequencies.

With goodselectivity the receivercanselect Sensitivity is directly related to receiver's
the desiredsignal and eliminate all other RF | gain. Gain is the factdry whichaninput
signals. signalismultipliedto producethe output.

Tunedcircuitsor LCcircuitsare usedto obtain Thisgaincanbe increasedy havinga seriesof
selectivity. amplifications.

Bettersensitivityisattainedwith highergain.

Thefollowingfigure showsan overallcommunicatiorsystem

. Qutput
Information - Input »| Transmitter »| Channel Receiver P
Source | Transducer [ Transducer ]
Sound picture speech Information in Information in
data etc. electrical form Noise original form

Fig. 1.2.17: An overall communication system

'
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— 1.2.7 Switches

A switchcanautomaticallyor manuallyconnector breakan electricalcircuit. It mainlyworkswith anON
(open)and OFHclosed)mechanismThefollowingfigure liststhe basictypesof switches

w SinglePoleSingleThrow(SPST)

w SinglePoleDoubleThrow(SPDT)

w DoublePoleSingleThrow(DPST)

w DoublePoleDoubleThrow(DPDT)
SPSBwitch

An SPSTalsoknown astoggleswitch,is a basicon/off switch It just breaksor connectsthe connection
betweentwo terminals It isusedfor switchingthe power supplyto a circuit. Thefollowingfigure shows
asimpleSPS$witch

P2 "57 TSPST)

Fig. 1.2.18: A simple SPST switch

Thefollowingfigure showsan SPSTircuitdiagramandits working:

This switch has two contacts; oneis input and the
other, output.
- -y
Light Switch Circuit p -
- In the circuit, the SPST switch controls the wire (pole)
spsT Light and makes a connection (throw).
Switch ': -
— When the switch is on (in closed state), current flows
- across the terminals allowing the bulb to glow.
. 7
Ui~ ; N
Sochut When the switch is off (in open state), no current
flows in the circuit.
L. o

Fig. 1.2.19: SPST circuit diagram and its working
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SPDTSwitch
It is a three-terminal switch, with one input terminal that is commonto one or both of the two output
terminals

To use an SPDTas an SPSBwitch, COMterminal needsto be usedinstead of other terminals For
example COMwith Aor COMwith Bisused Thefollowingfigure showsan SPDBwitch

M

Fig. 1.2.20: SPDT switch

Thefollowingfigure showsan SPDEircuit diagramandits explanation

SPDT Light Switching Circuit
Light A

A
C @ &
Terminal /
sppT B 1ight R
Switch

Theabovecircuitdemonstratesvhat happensvhenthe SPDBwitchis movedbackandforth.
w Theseswitchesare usedin athree-way circuit, whereit is requiredto switchon/off alight from two
locations for example from the bottom aswell astop of a stairway.
w Whenswitch Ais closedonly light Awill be in ONpositionand the light B will in OFFposition Only
light Bwill be in ONposition,whenthe switchBis closed
w Here,two circuitsor pathscanbe controlledviaoneway or one source

~ '

| DPST switch has four terminals with two for inputs and
two for outputs.

" A DPST switch is used to control a 240-volt appliance, ) :
— where it is essential to switch both supplylines, keeping  — :
| the neutral wire permanently connected. y 0 g

" When this switch is in ON position, current flows
— through two circuits and when it is in OFF position, the -
. flow is interrupted. y

Fig. 1.2.21: DPST switch

. —
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SPDTSwitch

It is a three-terminal switch, with one input terminal that is commonto one or both of the two output
terminals

To use an SPDTas an SPSBwitch, COMterminal needsto be usedinstead of other terminals For
example COMwith Aor COMwith Bisused Thefollowingfigure showsan SPDBwitch

M

Fig. 1.2.20: SPDT switch

Thefollowingfigure showsan SPDEircuit diagramandits explanation

T Light Switching Cir
Light A

A
C @ &
Terminal /

sppT B 1ight R
Switch

Theabovecircuitdemonstratesvhat happensvhenthe SPDBwitchis movedbackandforth.
w Theseswitchesare usedin athree-way circuit, whereit is requiredto switchon/off alight from two
locations for example from the bottom aswell astop of a stairway.
w Whenswitch Ais closedonly light Awill be in ONpositionand the light B will in OFFposition Only
light Bwill be in ONposition,whenthe switchBis closed
w Here,two circuitsor pathscanbe controlledviaoneway or one source

~ '

| DPST switch has four terminals with two for inputs and
two for outputs.

" A DPST switch is used to control a 240-volt appliance, ) :
—| where it is essential to switch both supplylines, keeping :
| the neutral wire permanently connected. y 0 g

" When this switch is in ON position, current flows
— through two circuits and when it is in OFF position, the -
. flow is interrupted. y

Fig. 1.2.21: DPST switch
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DPDTSwitch A

A DPDTswitchis equivalentto two SPDBwitchesoperatedby the coM .
sameactuator. Two separatecircuitsare controlled by connecting 40\87
eachof the two inputsto one of the two outputs. At atime, only

two loadscanbe in ONposition Thenumberof wayseachof the

two contactscan be contacted dependson the position of the coM

switch Thefollowingfigure showsa DPD Bwitch —O‘\g_

Fig. 1.2.22: DPDT switch

Thiscan be usedin an applicationrequiring an open and closed
wiring system DPDTswitchis usedin railroad modelingthat makes
useof smallscaledbridges trainsandrailwaysaswell ascars

The closed state allows the systemto be continuously in ON
positionwhile the openstate allowsthe other pieceto be activated
or turnedinto ONpositionthroughthe relay.

POWER SUPPLY

Fig. 1.2.23: Working of a DPDT circuit

In the circuit, connectionsA, B and Cform one pole of the switchand connectionsD, E and Fform the
other pole. Connection® and Eare commonin eachof the poles

If the positive power supply(Vs)entersat connectionB and the switchis setto the top most position,
connectionA becomespositiveandthe motor will rotate in one direction

If the switchis set to the lower most position, the power supplyis reversed,connectionD becomes
positiveandthe motor will rotate in the oppositedirection

In the centre position, the power supplyis not connectedto the motor and it doesnot rotate. These
circuitsare usedin motor controllers
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— 1.2.8PowerSupply

A power supply supplieselectric power to electricalloadsby convertingthe current from a
sourceto the correctvoltage,current and frequency Thereare two typesof power supplies
AC and DC power supply The following figure lists the specificationsof various electrical
devicego useACpoweror DCpower.

OUTPUT=DC OUTPUT=AC
INPUT=AC « Wall wart « Isolation transformer
« Bench power supplies » Variable AC supply
« Battery charger « Frequency changer
INPUT=DC « DC-DC converter * Inverter
« Generator
« UPS

Fig.1.224: Specificationsf variouselectricaldevicego use A@oweror DCpower

VariableACPowerSupply

Thefollowingfigureliststhe characteristicef variableAC powesupply:

ACvoltagesare producedby usingatransformer.lt
mayhave multiple windings anallows the switches
to select different voltagéevels.

e transformer, alsknown asan
adjustable autotransformer, maybe usedto

varythe voltagescontinuously.

Some variable AC supplies includetersthat allows
the monitoringof the voltage,powerand/or current.

Fig.1.225: Characteristicsf variableACpowersupply
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UnregulatedLinearPowerSupply

Thefollowingfigure liststhe component®f unregulatedinearpowersupply:

4[ Input Transformer }

wl'heinputtransformeris usedto convertthe incomingline voltagedownto
the requiredlevelof the powersupply.

olt alsoisolatesthe output circuitfrom the line supply.Herea step-down
transformeris being used.

Rectirer

wl herectifierusedto convertthe incoming signarom an ACformatinto raw DC.

FliterCapacitor

wT hepulsatedDCfrom the rectifierisfed to the smoothingcapacitor.
wlt will removethe unwantedripplesin the pulsatedDC.

Rl A 0. 1ot
DICTUCIMNCTSISUI

wBleederResistoiis alsoknownasa power supply drairresistor.
oIt isconnectedacrosghe filter capacitorgo draintheir storedchargesothat the
powersystemsupplydoesnot becomedangerous.

Fig 1.2.26: Componentsf unregulatedinearpowersupply

Thistypeisverysimpleandthe mostreliablesourcewhenlow powerisrequired It isthe least
costly power sourcebut the output voltagevarieswith the load current and input voltage It
is one of its disadvantagesAlso,the ripple is not acceptablefor electronicapplications If the
filter capacitoris replacedby a resonancecircuit (inductorcapacitoror LC) the ripple canbe
reduced, but it increasesthe cost The following figure showsthe circuit diagram of an
unregulatedinearpowersupply

TRANSFORMER RECTIFIER
o— o FITER  BLEEDER
3 CAPACITOR RESISTOR
] T 0¥
Pra— o T DC OUTPUT
s O -
VOLTAGE

. b=

Fig.1.227: Acircuitdiagramof an unregulatedinearpowersupply
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RegulatedLinearPowerSupply

Regulatedlinear power suppliesinclude three-terminal regulatorsin place of the bleeder
resistorwhichis usedin unregulatedsupplies Thissupplyisintendedto providethe required
level of DCpower to the load. VaryingDCvoltage when convertedto a constantlow DC
voltage by a linear voltage regulator, the function of the regulator preventsthe power
supplyor an overcurrentloadfrom limiting the current

Most power supply applicationsrequire an output voltagethat is constantbut the energy
sourcesprovidingvoltagevary with load impedancechangesMoreover,the output voltage
varieswith changesin input voltage when a DCpower supply as the sourceof energyis

unregulated To avoid this, linear voltage regulator is used by a few power suppliesfor

maintenanceof output valueat a constantvalue,free from any variancein load impedance
and input voltage w A LJLdlaghiude and output voltage noise can be reducedby linear
regulators Thefollowingfigure showsthe blockdiagramof regulatedlinearpower supplies

— B > T7 — +—> =
AC'S?“M — L, Rectifier ' ———— ocom&;mm
supoom Noa——"

Jgh Votage F\/ Filtered DC Regulated DC
AC Input Ollw Owtput Output

Fig.1.228: Ablockdiagramof regulatedlinearpowersupplies

Thefollowingfigure showsthe basiccircuitdiagramof regulatedliinearpowersupply

VOUTAGE
FILTER REGULATOR c?gTPUT

TRANSFORMER ACITOR
o— O~ 1REC *
bl |} ]_ oc
3¢ OUTPUT
o— o
RECTIFIER T
s 4 O -

Ny

Fig.1.229: Acircuitdiagramof regulatedlinear poweisupply ‘

—_______&____________
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Thefollowingfigure explainghe workingof smoothingdfilter andvoltageregulator:

Smoothing

Oncerectifiedfrom anACsignalthe DC
needsto be smoothedto remove

the varyingvoltagelevel.

Voltage Regulator

A linear regulator hasan active (BJTor MOSFET,
passdevice(seriesor

shunt) controlled by a high gain differential
amplifier.

Largevaluecapacitorsaaregenerallyused
for thispurpose.

It comparesthe output voltage with a precise
referencevoltageand adjuststhe passdeviceto
maintaina constantleveloutput voltage

Table 1.2.Workingof smoothing filterandvoltageregulator

Thefollowingfigure listsgwo typesof voltageregulators:

Seriesregulator

w Thisisthe mostwidelyusedregulatorsfor linear
power supplies.

Shuntregulator

w The shunt regulator is less widely used as the main

elementwithin a voltageregulator.

w In this, a variable elementis placedacrossthe load as

shownin the figure.

w A sourceresistoris placedin serieswith the input and
the shuntregulatorisvariedto makesurethat the voltage

acrosghe loadremainsconstant

Fig.1.2.30: Twotypesof voltageregulators

w Aseries elemenis placed in theircuitandits
resistances varied via theontrol electronicdo ensure
that the correctoutput voltageisgeneratedfor the
currenttaken.

Resistor drops
voltage to
required level

ad |
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SwitchMode PowerSupply(SMPS)

An SMP8&cludesfilter capacitor regulator,rectifier, seriestransistorandtransformer.The
followingfigure showsthe blockdiagramof an SMP&ndits working:

BROGE
RECTWIER

FAUTER BRIDGE
CAPACITOR mv&s*roa TRANSFORMER  RECTIFIER
FILTER  BLEEDER

CAPACITOR RES'STOR
o T REC " %ﬂ&
ouTPUT
T e
VOUAGE v v
UNEGUATED G REGULATED

AC VOLTAGE

Fig.1.2.31(a): Blockdiagramof SMPS

: ThisDCisthen choppedto a constant
TheAC voltagés convertedo an ]
N voltageof highfrequencythat enableshe
LI LEIED (DTG EE sy el sizeof the transformerto be reduced

througharectifier,a seriestransistoranda : .
regulator. dramaticallytherebyallowinga smaller
power supply.

Fig.1.2.32(b): Workingof an SMPS

Thedisadvantagesf SMP&relistedin the followingfigure:
It requiresall the transformersto be The complexityof the power supply could
custommade. leadto low production.

Fig.1.2.42:Disadvantagesf SMPS
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Thefollowingimageshowsan SMPS:

Fig.1.233: SMPS

Uninterruptible PowerSupply(UPS)

UPSis known as a backuppower source It allowssufficienttime for a standbygeneratoror
any systemto shutdown in an orderly mannerin the caseof a power fluctuation or afailure.
A UPScomprisesof power sensingand conditioning circuitry and a set of rechargeable
batteries Thefollowingimageshowsa UPS

Fig.1.234:UPS

— 1.2.9Amplifier

An amplifierisusedfor increasinghe magnitudeof the signal thaisappliedto its input. The
followingfigure showsthe conceptof anamplifiercircuit:

Small Input Amplification Stage Larger Output
Signal I. s Signal
mn s U
@——’_‘ S
- Output

-Av 1 V. | Gain(A)= 15',,%:— I Vaou

@— )

N

Fig.1.2.35: Concepbf anamplifiercircuit

&
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Thefollowingfigureshowsthe conceptamplifiergain:

( )
The differencéoetweenthe magnitudeof the input andoutput signalisreferredto as
thel Y LJ Aga@irh S NI a

\
Ve

AN

Thegainmeasureghe extentto whichthe inputsignalis amplified.

L J
" Forexample anamplifieris provided input signadf 1 volt and itgenerates an output

of 50volts. Thegain of theamplifieris 50. 1t meansthe input signahasbeen
\amplifiedby afactorof 50.

Fig.1.2.36: Concepaimplifiergain

Amplifiergainis basically the ratiof outputto input. Thefollowingfigure lists three typesf
amplifier gains:

Voltage Amplifier Gain

Volfage Gain (Av) _ Output Voltage _ Vout
Input Voltage Vin

Current Amplifier Gain

Current Gain (Af) _ Output Current _ ITout
Input Current fin

Power Amplifier Gain

PowerGain(dy) = 4y, x 4;

Fig.1.237: Typef amplifiergain

Theworking of ClassA amplifier:
w ClassA amplifiersusethe sametransistorfor eachhalf of the output waveform
w The output transistor has current flowing through it constantlyeven when there is no
input signal
w Itisbecauseof its biasingarrangement

w The nature of the output transistor of alwaysbeingin ON position makesthe ClassA
operationveryinefficient

w Thisisbecausehe conversiorof DCpowerto ACpower deliveredto the loadis verylow.
w Theoutput transistorgetsvery hot evenif input signalis present

w Hence heat sinkingis required The DCflowing through the output transistorin absence
of anyoutput signalis equalto the current passinghroughthe load.

w Thus,ClassA amplifier is inefficient becausemaost of the DCpower gets convertedto
heat

P
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Clas®8 Amplifier Operation Thefollowingfigure liststhe characteristic®f ClasB amplifier.

w TheClasB Amplifier usestwo different set of transistors,either an NMOSanda PMOSor an NPN
anda PNPfor eachhalf of the output waveform

w One of the two transistorsconductsfor one-half of the signalwaveform while the other one
conductsfor its oppositehalf.

w Eachtransistoramplifiesonly 50% of the input signalasit remainshalf of its time in activeregion
andthe other halfin the cut-off region

w Thetransistorconductsonly whenthe input signalvoltageis greaterthan the baseemitter voltage
(VBE)

w Forthe silicondevicesthe VBEs about 0.7 V. Hence,only half of the input signalgets amplified,
therebygivinga greateramountof amplifierefficiency

Thefollowingfigure showsoutput waveformof Clasd amplifier.

Input

iy /\ /\ Slgnal
0

mA
Output
¢ Signal
0 A
time

Fig. 1.2.38: Output waveform of Class B amplifier

In a ClassB amplifier, to biasthe transistors,no DCvoltageis used Forthe output transistors,to start
conductingin both the halves(positiveand negative)of the waveform,the VBEneedsto be more than
0.7 V. Thisisamustfor the bipolartransistorfor conducting

Thelower part of the output waveformbelow 0.7 V is not accuratelyreproducedasone transistorisin
OFFpositionandis waiting for the other oneto comebackto ONstate. Hence,it resultsin a deformed
areaof the output waveformwith a smallpart of it distorted at the zerovoltagecrossover point. Thisis
knownasCrossoveDistortion

w ClasfABAmplifierOperation Thefollowingfigure liststhe workingof classABamplifier.

w Twocomplementantransistorsare usedin their output stageanda smallbiasingvoltageis applied
to biasthe transistorat its base

w Thisisdonesothat the cut-off regionis reachedevenin the absenceof anyinput signal

w Any crossoverdistortion is eliminated becausean input signalcausesthe transistor to operate
normallyasit operatesin its activeregion

w Inabsenceof anyinput signal,asmallCollectorcurrentflows.
w Thetransistorremainsin W h poSitionfor more than half a cycleof the waveform

w Thisconfigurationimprovesthe efficiencyand linearity of the amplifier circuit ascomparedto the
configurationof ClassA.

'
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Thefollowingfigure showsthe output waveformof ClassABampilifier.

: /\ /\Signal ‘

L] 3 3x 4 Sx 6n
mA
Output
Volta t Signal
L . i
0 -
time

Fig. 1.2.39: Output waveform of Class AB amplifier

Theclassof operationdependson the amplituderequiredfor input signalandthe amountof transistor
biasneededfor the operation Theclassificatiorof the amplifier considerghe following points:

w Segmenbf the input signalin whichthe transistorconducts
w Efficiency
w Amountof powerthat isconsumecanddissipatedn termsof heatby the switchingtransistor

Seebelow atable comparingthe commonclasse®f a power amplifier:

Conducti
ik 360° 180° Lessthan90° | 180 to 360°
Angle
In between the
Position of Centre Point of | Exactlyonthe Below the ’
X-axis and the
the Q-point the Load Line X-axis X-axis :
Centre Load Line
Overall Poor Bett Higher ERRERppS
ra r i
Efficie 25 to 30% 70 to&eO% than 80% wHkiion Biarie
e 50 to 70%
Stanal None if At the X-axis
i Correctly Crossover Large Amounts Small Amounts
Distortion '
Biased Point

Table 1.2.2: Comparison between the common classes of power amplifier

— B
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—1.2.10Multiplexer (MUX)and Demultiplexer(Demux)

Thefollowingfigureexplainghe multiplexerand demultiplexer:

Themultiplexerisa combinationalogiccircuitdesignedo
switchone of several input lineso a single common
output line by the applicationof a controllogic.

Multiplexerscanbe eitherdigital circuitsmadefrom high
speedlogicgatesusedto switchdigital or binarydata.

Theycanbe analogudypesusing transistorsa h { C 9r¢
Seleat relaysto switchone of the voltageor current inputsto a
single output.

Inputs

o 0O w >

Thedemultiplexeris a combinationalogiccircuit designed
to switchone commoninput line to one of severaloutput
linesby the applicationof a control signal

Thedatadistributor, knownmore commonlyas F
aDemultiplexerjsthe exactoppositeof the Multiplexer. Input

Outputs

o O w >

ab
Select

—1.2.11 Coupler

Coupleris usedto transfer electrical energy from a part of a circuit to another part. For example,
conductivecouplingtransfersthe energyfrom a power sourceto a load Thefollowing figure lists the
typesof coupling

DirectCoupling
w Directcouplingis essentiafor verylow frequencyapplicationsSuchasphotoelectriccurrent

w It hasgot advantagesf havingsimple and cheapcircuit arrangementand outstandingability to
amplifylow frequencysignals

w The drawbacksinclude poor temperature stability and unsuitability for amplification of high
frequencysignals Direct coupledamplifiersare usedwhen the load is directly in serieswith the
output terminal of the activecircuitelement

ImpedanceCouplingor TransformerCoupling

w Impedancecouplingresultsin more efficient amplificationbecauseno signalpower is wastedin
InductorL

w Such coupling has the drawback of being larger, heavier and costlier than the RC coupling
Impedancecouplingis rarelyusedbeyondaudiorange

RCCoupling
w RCcouplingis the most commonly used coupling between the two stagesof a cascadedor
multistageamplifier becauset is cheaperin cost,hasvery compactcircuit and providesexcellent
frequencyresponse

. —
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—1.2.12Registerand Memories

Thefollowingfigure showsa 4-bit registerandits characteristics

Fig.1.240: A4-bitregisterandits characteristics

Theworking of a 4-bit registershownin the abovefigure:

w Theabove4-bit registeris comprisedof four D-type flip-flops sharinga commonclockinput and
providingsynchronousperationto ensurethat all the bits are storedpromptly.

w Thebinaryword is appliedto the D inputs. Theword isrememberedby the flip-flops at the rising
edgeof the nextclock(CK)pulse

w At anytime, the stored data canbe read from Q outputs aslongasthe power is maintained,or
until there is a changeof data on the inputs stored by a further clock pulse, overwriting the
previousdata.

Theregistersare typically classifiedaccordingto the storagemethod and the readoutused The basic
form of registeris Parallelin/ParallelOut (PIPOJ}egister.

Typesof Registers
w Serialin SerialOut (SISQ)Databits are enteredseriallyand output is alsotakenserially
w Serialin ParallelOut (SIPQ)Databits are loadedseriallybut output istakenparallelly.
w Parallelin ParallelOut (PIPO)Databits are loadedparallellyand output is alsotakenparallelly
w Parallein Serialout (PISQ)Databits are loadedparallellyandthe output istakenserially

Thefollowingfigure showsthe configurationof SISQegisters

SERIAL SERIAL

IN out

O—D Q D Q D Q D Q0
FFO FF1 FF2 FF3

CK K K

gxr at l->° af l->° af |-

Fig.1.241: Configuration of SISO registers

—_______&____________
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Thefollowing figure showsthe configurationof SIPQregisters

Q, Q, Q, Q,
SERIAL SERIAL
IN
o—p o D Q D Q D Q
ek sk Aok gk dex gF dex 5k
« [ [
O— o &

Fig. 1.2.42: Configuration of SIPO registers

Shift Registers
Thestructure of shift registersis similarto that of the PIPCQregistersbut they havethe ability to perform
shifting of the stored word, one bit at a time, to right or left. Theseregistersare usedas a necessary
componentin communicationsystemsto handle serial data. They are usedto convert the data to
parallelform andthen to convertit backagainto serialform. Thefollowingfigure showsthe application
of shift registers
Shiftregistersare alsoimportant for arithmetic circuitsto shift the binary numbersto right (by dividing
by two) or to left (by multiplyingby two) aspart of a calculation
Thesecanalsobe usedfor delayingthe passagef dataat a specificpoint in a circuit
wAt atime, one bit of datais shiftedfrom the input towardsthe output.
wTheamount of delay dependson the number of flip-flops and the frequencyof the clock pulses
drivingthe shift register.
wTheactionof storingseveralbits of data after they are inputted andthen recoveringthem from the
output at alater time isknownasa digital delayline.

—1.2.13 Radio Frequency (RF) Circuits in Telecom

RFrangeis usedin radio. Thefrequencyrangesbetweenaudio frequenciegwith the upper limit of 20
kHz)andinfrared frequenciegwith lower limit of around300GHz)

Thefollowing figure showsthe building blocksof a typical RFcommunicationsystem

information input Transmitter Channel Receiver o
Source l Transducer ] Transducer ]
Sound picture speech Information in Information in
data etc. electrical form Noise original form

Fig. 1.2.43: Building blocks of a typical RF communication system

&
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UNIT 1.3Printed Circuit Board (PCB) Construction and Types

— Unit Objectives |©@

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

1. Identifyanddescribethe four mainlayersof atypicalPCB

2. Explainthe functionof eachlayer,includingthe substrate copper,soldermask,andsilkscreen

3. Differentiatebetweenrigid andflexiblePCB®asedon the substratematerial

4. Classifydifferent types of PCBs(singlesided, double-sided, and multi-layer) based on their
construction

Describehe useof through-hole and surfacemounttechnologiefor componentmounting
Recognizeommonapplicationgor eachtype of PCB

o o

— 1.3.1 Composition of a PCB

APrintedCircuitBoard(PCBjJs a compositestructure madeof different layersthat are bondedtogether
usingheat and adhesiveto form a single,rigid or flexible object The following sectionsdescribethe
primarylayersof aPCB

Silkscreen

Solder Mask
Copper

Substrate

Fig. 1.3.1: Layers of a PCB

SubstrateLayer

w Thisis the baselayer, typically composedof a dielectric material (an electricalinsulator) The
nature of the substratematerial determineswhether the board will be a RigidPCBor a Flexible
PCB

w FR4 (FlameRetardant4) is the most common substrate material used today. It is a woven
fiberglassfabric bound with an epoxyresin, providinga solid core that givesthe PCBits rigidity
andthickness

w SomeessexpensivePCBsisesubstratesmadeof phenolicsand epoxies Theseare not asdurable
asFR4, haveadistinctodor,andare commonlyfound in low-end consumetelectronics

w Phenolicshavea low decompositiontemperature,which cancausethem to delaminateor blister
if exposedo solderingheatfor anextendedperiod

— B/
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CopperLayer

w Thisis a thin layer of copperfoil laminatedonto the substrateusingheat and an adhesive This
layer is etched to form the conductive tracks (traces) and pads that connect the electronic
components

w Most PCB#avea copperlayeron at leastone side DoublesidedPCB$iavecopperon both sides
of the substrate

w Thethicknessof the copperlayeris measuredin ouncesper squarefoot (0z/ft2). One ounce of
copperspreadevenlyover one squarefoot resultsin a thicknessof approximately35 micrometers
> V.

w Athicknessof 1 0z/ft2 is standardfor most PCBsHowever,applicationsrequiring higher current
capacitymayusethickercopperlayers,suchas2 or 3 0z/ft2.

SolderMaskLayer
w Thisis a protective polymer layer applied over the coppertracesto insulate them. Its primary
function is to prevent short circuits by protecting the copperfrom accidentalcontact with other
conductivematerials,aswell asto preventoxidationof the copper.
w Thesoldermaskistypicallygreen,but it isavailablein variouscolors,includingred, blue, black,and
white.
w Thesoldermaskhasopeningdor the padswherecomponentsareto be soldered

SilkscreerlLayer

w Thesilkscreeris the final layerappliedon top of the soldermask It is usedto print text, symbols,
andoutlinesthat provideimportantinformationfor assemblyand troubleshooting

w Silkscreedabelscanindicate componentdesignatorge.g., RL, C2), polarity markings,component
outlines,pin functions,and other usefulinformation.

w Themost commonsilkscreencolor is white, but other colorslike yellow, black,and red are also
used

w Usingasinglecolorfor the silkscreeris standardpracticeto ensureclarity andreadability,

— 1.3.2 Types of PCBs

PCBsre categorizedbasedon the number and arrangementof their conductivelayers Thefollowing
arethe mostcommontypes
1. SingleSidedPCB
wThisis the simplesttype of PCBwith conductivecoppertracesand electroniccomponentson only
onesideof asinglesubstratelayer.
wComponentsare insertedfrom the non-coppersideandtheir pinsare solderedto the copperpads
onthe other side
wTheseare usedin low-cost,low-complexityelectronicdevicessuchascalculatorscoffee machines,
andsimplecontrolboards

'
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2. Double-SidedPCB

w Thistype of PCEhasconductivecopperlayerson both the top andbottom sidesof the substrate

w Holesare drilled through the board and plated with copper(vias)to electricallyconnectcircuits
ononesideto the other.

w Componentgzanbe mountedusingtwo maintechnologies

w ThroughHole TechnologyTHT) Componentieadsare insertedthrough holesin the board and
solderedto padson the oppositeside Thiscreatesa strongmechanicatonnection

w SurfaceMount Technology(SMT) Componentsare soldereddirectly to padson the surfaceof
the board, without using through-holes This allows for smaller components and higher
componentdensity.

w Doublesided PCBsare widely usedin applicationslike amplifiers, power supplies,and HVAC
systems

Multi-LayerPCB

w Multi-layer PCBsconsistof three or more double-sided PCBs(or more) laminated together,
separatedby layersof insulatingmaterial (prepreg)

w Theseboardsare bonded usingspecializedadhesivesand heat, creatinga complex,integrated
structure

w Viascanconnectlayerson the top, bottom, or anyinternal layers,allowingfor very high-density
andcomplexcircuitdesigns

w Thethickestmulti-layerPCRBlevelopedwasreportedly50 layersthick.

w Theseboards are essentialfor highperformance and complex applicationssuch as satellite
systems,data storagedevices,GPStechnology,and high-speedcomputing Their multi-layered
structure helps in reducing electromagneticinterference and allows for shorter signal paths,
enablingfasteroperation

— 1.3.3 Copper Clad Laminates (CCL)

A CopperCladLaminate(CCLjs the fundamentalbasematerialusedto manufacturePCBslt consistsof
areinforcingmaterial (suchasfiberglasscloth or wood pulp paper)that isimpregnatedwith aresinand
then laminatedwith a copperfoil on one or both sides Thisraw materialis then processedo create
the final PCB

— Reinforcing material «—

e b

Fig. 1.3.2: A set of CCL boards and the construction of a CCL board

L n

Copper clad/foil
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Thefollowingfigure liststhe performancerequirementsfor CCLs

eIssues may be caused on copper foil due to unexpected elements in manufacturing
process such as dent, scratch, resin point, wrinkle, pinhole, bubble and so on.

«All these problems will lead to low performance of the CCL and consequently, the
PCB. Therefore, an excellent CCL should be flat and smooth in appearance.

«Since CCLs are base material of PCBs, they have to conform to size requirements
corresponding to the PCBs.

sParameters concerning the size of CCLs include length, width, diagonal deviation and
warpage, each of which has to meet specific requirement.

«The factors affecting electric performance of PCBs which are to be carefully designed
include dielectric constant (Dk), dielectric breakdown voltage, dielectric loss tangent
(Df), surface resistance, arc resistance, volume resistance, insulation resistance,
electric strength, Comparative Tracking Index (CTl1) and so on.

eParameters concerning physical performance of a CCL include dimensional stability,
peel strength (PS), bending strength, heat resistance (including thermal stress, Td,
T260, T288, T300), punching quality and so on.

«Chemical performance of a CCL has to meet the requirements of flammability,
chemical reagents resistance, Tg, Z-axis coefficient of thermal expansion (Z-CTE),
dimensional stability and so on.

oIt has to cater to the requirements in terms of water absorption amongst others.

Fig. 1.3.3: Performance requirements for CCLs
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UNIT 1.4PCB Designing Concepts

— Unit Objectives |©@

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

1. Listthe stepsinvolvedin PCBlesigningorocess

2. ldentify variousinspectioncheckgo be performedduring PCBlesignandfabrication
3. Performcleaningof printed circuitboardsbeforethe pattern transferprocess

4. ListkeylPCstandardselevantto PCBlesigningand manufacturing

— 1.4.1 Steps of PCB Designing

Thefollowingfigure liststhe stepsof designinga PCB

(= A e A 'S 7 (o)
Front end Printing the Printing inner Etching the
Design design Layer outer layer

. J x J & J \ J

(R r ™ e N ()
Copper Layering and Optical Laminating
Deposition Drilling Inspection the layers

5 =/ - J - J (& J

N
o e o
J

Profiling, V- B
Scoring and Electrical test Surface finish Silkscreen
Inspection Y,

Fig.1.4.1:Stepsof designinga PCB

Designinghe PCB
Ablueprintis preparedby the designerfor the PCBgonsideringall the specifications
Thefollowingare the stepsof designinghe PCBusingsoftware
w The software encodesall information required by the designer,suchasthe amount of solder
masksrequired, the number of copper layers needed and the piecesof componentnotation
required Thedesignsoftware most widely usedby the PCBdesignerss ExtendedGerber,also
knownasIX274X
w Oncethe designblueprint gets encodedby the software, the designis checked,consideringall
aspectsto ensurethat there areno errors
w Whenthe checkingsdone,the designis sentout to a PCBabricationhouseto be built.
w Thefabricator checksthe PCBdesignplan, known as a Designfor Manufacture (DFM)check,to
verify that the designmeetsthe tolerancesrequiredfor the manufacturingprocess
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Printingthe Designon PCBLayers

Whenall requiredchecksare complete,a plotter printer prints the designon the PCBayersby making
a a ¥ A of Yhe PCBwhich looks similar to a photo negative of the board itself. The layers are
representedin two different ink colours Thefollowingfigure liststhe coloursto representthe layersof
the PCB

InnerLayers
w Blackink denotesthe coppertracesandcircuitsof the PCB
w Clearinkdenotesthe nonconductiveareasof the PCBsuchasthe fibreglasase

Outer Layers
w Clearnnk denotesthe line of copperpathways
w Blackink denotesthe areasfrom where copperwould be removed

Thereare separatefilms for eachPCBayerandits soldermask Fora two-layer PCBthere will be four
sheets

w Onefor eachlayer
w Onefor the soldermaskof eachlayer

The films are lined up after being printed. A hole is punchedthrough the films. It is referred as
registrationholeandit helpsin aligningthe filmsin later process

Printing Copperfor the Inner Layers

Oncethe designgetsprinted on the laminate,copperis pre-bondedto it whichactsasthe structurefor
the PCBThefollowingfigure liststhe stepsof the printing process

w Thecopperis etchedawaysothat the earlierblueprintisrevealed

w Thelaminatepanelisthen coveredwith a photo-sensitivefilm calledresist,which consist=f a layer
of photo-reactivechemicals

w Thesechemicaldardenwhenthey are exposedo ultravioletlight.

w Resishelpsto obtaina perfectmatchbetweenthe photosof the blueprintandwhat getsprinted to
the photo resist

w Oncethe resist,alongwith the laminate,islined up, ultravioletlight is passedhroughit.

w Thephoto resistgets hardenedwhen the ultraviolet light passeghrough the translucentparts of
the film, therebyindicatingthe areasof coppermeantfor the pathways

w Theblackink preventsthe light from reachingthe areaswhich are not meantto hardenand they
areremovedlater.

w Theboardisthen washedwith analkalinesolutionsothat anyleftover from the photo resistcanbe
removed

w After that, the boardis pressurewashedfor removingany leftover from the surfaceand s left to
dry.

w Whenthe PCHBsdried, the resistshouldonly be left on top of the copper,whichremainsaspart of
the PCB

'
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Atechnicianneedsto checkthe PCBo ensurethat there areno errors.

Getting Ridof the Unwanted Copper

Theunwantedcopper(not protected by the photo resist)is removedusinganother powerful chemical
like an alkalinesolution After this the hardenedphoto resistshouldbe removedusinganothersolvent,
leavingthe coppernecessaryor the PCB

Inspectionand Alignmentof the Layers

After cleaningthe layersof the PCBthey are alignedusingthe holes Thelayersare placedon anoptical
punch Thepunchalignsthe holesby drivinga pin downthroughthem.

Thelayersare then passedthrough an optical inspectionto ensurethat they are free of defects The
PCBs inspectedby automatedopticalinspection(AOI)machineand the designon it is comparedwith
the specifieddesignreceivedfrom ExtendedGerbersoftware After the PCBpasseghe inspection,it is
movedon to the laminationprocess

Laminatingthe layersof the PCB
Oncethe layerspassthe AOlinspection,they are readyto be joined together. The following figure
explainghe two-stepprocesf laminating
Stepl: Layup
w Theoutsideof the PCBs constructedof fibreglassand pre-coatedwith anepoxyresin
w Thesubstrateis coveredwith athin copperfoil containingetchingsfor coppertraces
w Thesandwichingf the layersandthe substrateis done usingmetal clampson a specialpresstable
whereeachlayerisfit usinga specialisegin.
w Thelayer of pre-coated epoxyresinis known as pre-impregnatedor prepreg It is placedon the
alignmentbasinof the table.
w Thesubstrateis then placedoverit, followed by a copperfoil layer,whichis then followed by more
sheetsof pre-impregnatedresin
w Thenalastpieceof copperknownasa pressplateis placed
w Thestackof layersis pressedtogether usinga mechanicapress Pinsare puncheddown through
the layersensuringthat they are fixed properly.

Step2: Laminate
w Thestackwith fixed layersis then takento the laminatingpressthat usesa pair of heatedplatesfor
applyingheat and pressureto the layers The epoxymelts due to the heat and the pressureand
fusesthe layersof PCRogether.
w Itisrequiredto removethe top pressplate andthe pinsandthen pull the actualPCHBree.

Drilling
Followingarethe stepsfor drilling holesonthe PCB
w Beforedrilling, the drill spotsare locatedusingan X-ray machine
w Then,the registration holes are drilled to securethe PCBstack before drilling the more specific
holes
w The specific holes are drilled automatically by using a computer guided drill, consideringthe
ExtendedGerberdesignfile asa guide
Theadditionalcopper left at the edgesneedsto be scrapedoff after drillingis completed

'
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PCPBPIlating

Theplating processfusesthe layersof the PCBtogether through bathing processin whichit is passed
through variouschemicals A microntthick copperlayeris usedto coatthe panel Thecopperlayeris

depositedinto the just-drilled holesand over the top most layer. Thefibre glasssubstratesinsidethe

panel are exposedthrough the holes before they are filled with copper. The wallls of the holes get

coveredafter beingbathedin copper

Imagingand PlatingOuter Layer
Theoutsidelayersthen needto beimaged
Theprocesof platingthe outer layers
w Theyare coatedin photo resistandimaged
w Thenthey are platedin the sameway asthe interior layers
w Theouter layersare platedwith tin to protectthe copperof the layersduringthe etchingprocess

TheLastEtching

In this process,the unwanted copperis removed using copper solvent Thetin plating protects the
requiredcopperof the etchingarea

The PCBpanels are sent for solder masking when the removal of unwanted copper and the
establishmenbf connectionsare doneproperly.

Applicationof SolderMask
Beforethe panelsare maskedthey are cleaned Thefollowingfigure showsthe stepsof applyingsolder
mask
w Anink epoxyin combinationwith soldermaskfilm isthen appliedto the cleanedPCBanels
w Theboardsare passedhroughultravioletlight and certainportions of the soldermaskare marked
for removal
w After the unwantedsoldermaskisremoved,the PCBskeptinsidean ovenandbakedto allowthe
soldermaskto be cured

Finishingthe PCBand Silkscreening

In the finishingprocessjn order to protect the copper,the boardis plated with hot air solderlevelling
(HASL)goldor silver. Theplatingis alsodoneto enablethe solderingof the componentgo pads

Once the plating is done, all the important information, for example, company ID numbers
manufacturermarks and warning labels, are printed on the boardsusingthe silk-screeningprocess
After silk-screeninghe PCBappropriately it is passedhroughfinal curingstage

ElectricalReliability Testing
Oncethe board has been cured, the technicianneedsto ensure the functionality of the PCBby
conductingelectricaltests suchas circuit continuity and isolation tests, on different areasof the PCB
Seebelowthe purposeof the electricaltests
A Circuitcontinuitytest: It checksfor anydisconnectionén the PCBknownasé 2 LIS y &
A Circuitisolationtest: It checksthe isolationvaluesof variousparts of the PCBo checkif there are
anyshorts
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The electrical tests also check how well the initial PCBdesign will perform and react to the

manufacturingprocess

Besideghe basicelectricalreliability testing, someother tests are performedto determinewhether a

PCHs functional Thefollowingfigure showsan exampleof suchfunctionalitytest:

Theda 0 R/ | Atéstistdoneto checkthet / . p@fbrmanceunder highpressurecontact Several
springfixturesare attachedto the test pointson the boardandthen the test points are subjectedto up

to 200y of pressure

If the PCBoassesll the tests,it canbe movedfor cutting.

Cuttingand Profiling
Cuttingandscoringis the laststagethat involvescutting out PCB$rom the originalpanel Thefollowing
figure liststhe two waysof cuttingthe PCB$rom their originalpanels

wUsinga CNGnachineor router, whichcutsout smalltabsaroundthe edgesof the PCB

wUsinga V-groove whichcutsa diagonalchannelalongthe sidesof the board

Usually the individualboardsfrom the PCBpanelsare routed out and scored Thisprocessenablesthe
separationof the panelsfrom the constructionboard when they are assembledOncethe boardsare
separatedafinal inspectionis performed Followingare the inspectioncheckdo be performed
w Theboardsare checkedfor generalcleanlinesdo ensurethat there are no sharpedges,burrs or
other manufacturinghazards
w Slots,chamfers,bevelsand countersinksare addedduring the routing and fabrication process,as
necessary
w If anyshortsarerepaired,the shortedboardsare re-testedusingthe electricalreliability tests
w A visual inspection can be conducted, if necessary,to ensure that boards meet industry
specificationand matchup to the detailslaid out in Gerberdata.
w Thevisualinspectioncanalsobe done to verify the hole sizesand the physicaldimensionsof the
PCB

—1.4.2 Cleaning of Boards before Pattern Transfer

It isusuallyassumedhat the boardsare cleanenoughto start the printing processand often paperrolls
areusedto cleanthe boards However this shouldnot be doneasthe boardsget microfibresor lint due
to cleaningwith cheapwipes Theseamicrofiberscausevariousdefectsin the boards thusincreasinghe
costof production Hence,it is highlyrecommendedthat the boardsare properly cleanedbefore the
printing process

Theboardscanbe cleanedin a dip-tank cleanerthat hasa specialultrasoniccleaningcapability If the
volumesof the boardsare high, then it is recommendedo usethe vapourdegreaserasit hasa high
throughputanduseslesselectricitycomparedo the aqueoussystem
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—1.4.3 IPC Standards

Followingare the standardspublishedby IPC
Generaldocuments

IPGT-50 Termsand Definitions

IPG2615PrintedBoardDimensionsand Tolerances
IPCD-325DocumentatiorRequirementdor PrintedBoards

IPGA-31 FlexibleRawMaterial TestPattern

IPCETF652Guidelinesand Requirementdor Electricallestingof UnpopulatedPrintedBoards

Designspecifications

IPC2612SectionaRequirementdor ElectronicDiagrammingdocumentation(Schemati@and Logic
Descriptions)

IPC2221GenericStandardon PrintedBoardDesign
IPC2223SectionaDesigrStandardor FlexiblePrintedBoards
IPC7351B GenericRequirement$or SurfaceMount Desigrand LandPatternStandards

Material specifications

IPGFG234 PressureSensitiveAdhesivesAssemblyGuidelinesfor SingleSidedand DoubleSided
FlexiblePrintedCircuits

IPG4562Metal Foilfor PrintedWiring Applications
IPG4101LaminatePrepregMaterialsStandardor PrintedBoards
IPC4202FlexibleBaseDielectricdor Usein FlexiblePrintedCircuitry

IPC4203AdhesiveCoatedDielectricFilmsfor UseasCoverSheetdor FlexiblePrinted Circuitryand
FlexibleAdhesiveBondingFilms

IPG4204FlexibleMetal-CladDielectricsor Usein Fabricatiorof FlexiblePrintedCircuitry

Performanceand inspectiondocuments

IPCA-600Acceptabilityof PrintedBoards

IPCA-610Acceptabilityof ElectronicAssemblies
IPC6011GenericPerformanceSpecificatiorfor PrintedBoards
IPC6012Qualificationand PerformanceSpecificatiorfor RigidPrintedBoards
IPG6013Specificatiorfor PrintedWiring, Flexibleand RigidFlex

IPC6018 Qualificationand PerformanceSpecificationfor High Frequency(Microwave) Printed
Boards

IPG 62021PC/JPCRerformancesuideManualfor Singleand DoubleSidedFlexiblePrintedWiring
Boards

PAS62123PerformancesuideManualfor Single& DoubleSidedFlexiblePrintedWiring Boards
IPCTR870Qualificationand Performanceof PolymerThickFilmPrintedBoards
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IPCa standarddevelopingorganisationby the AmericanNationalStandarddnstitute (ANSI)js globally
recognisedor its standards Theacceptabilitystandardswidely usedin the electronicsmanufacturing
industryare publishedby IPC

IPCA-610, Acceptabilityof ElectronicAssembliesis usedby EMScompaniesandthe originalequipment
manufacturersacrosshe world.

Flexassemblyand materialsstandards
w IPCFA251 AssemblyGuidelinedor Singleand DoubleSidedFlexiblePrintedCircuits
w IPCG3406Guidelinedor ElectricallyConductiveSurfaceMount Adhesives
w IPCG3408GeneraRequirementdor AnisotropicallyConductiveAdhesiveg-ilms
IPGstandardselatedto PCRlesignand manufacturingflow:

IPC STANDARDS —
EVERYTHING YOU NEED FROM START TO FINISH
| E"""';""""‘ | BGA, CSP, HDI
- - Flip Chip, BTC
Repair _ | Requirements and Acceptance for J-STD-030
IPC-7711/21 | | |cable and Wire Harness Assemblies IPC-7093
' IPC-A-620 IPC-7094
Solderability | A IPC-7095
J-STD-002 ! Acceptability of il
J-STD-003 \.\‘ Electronic Assemblies Components
; IPC-A-610 i
Stencil Design \ X 3 J-STD-033
Guidelines |, Requirements for Soldered 1 JI-::I' 26(()):5
IPC-55 | | Electronic Assemblies e
Assembly E J'STB"m Test Methods
Materials / Il’lgghsﬂs-:fﬂ
j'ggg " [ Acceptablity of Printed Boards 1<~
* K IPC-A-600 «— Electrical Test
IPC-HDBK-005 x IPC-9252
J-STD-006 ——c =
Qualifications for Printed Boards
IPC-SM-817 IPC-6011, 6012, 6013, 6017 Surface
IPC-CC-830 =5 " Treatments
HDBK-830 IPC-4552
Base Materials for Printed Boards IPC-4553
Solder Mask IPC-4101, 4104, 4202, 4203, & 4204 IPC-4554
IPC-SM-840
High Speed/
Copper Foils Design & Land Patterns - F;:cq";':y
IPC-4562 IPC-2220 series + 7351 g
x IPC-2251
Wariing ans Data Transfer and Electronic Materials
JL;PI:)" Product Documentation «— Declaration
L ahid IPC-2581 Series, IPC-2610 Series IPC-1751
IPC-1752

Fig.1.4.2:IPGstandardgelatedto PCRlesignand manufacturingflow
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— Exercise

ShortQuestions
1. Definethe four basicelectricalquantitiesandtheir units.

2. Explainwo factorsaffectingthe resistanceof aconductor

3. Differentiatebetweenseriesandparallelcircuitsin termsof currentandvoltagedistribution.
4. Statetwo applicationsof transistorsin electronics

5. Listanythree typesof power suppliesandbriefly describetheir use

Fillin the Blanks
1. Theunit of electriccurrentis .
2. Theresistanceof a conductorisdirectly proportionalto its andinverselyproportional
to its .
3. h K Yld&is mathematicallyexpresseds
4. Thetruth tableisusedto representthe function of
5. Atoggle,pushbutton, andDIParetypesof

Multiple ChoiceQuestions(MCQs)
1. Whichof the followingis not a basicelectricalquantity?
a)Voltage
b) Current
c)Resistance
d) Frequency

2. Theresistanceof a conductorincreaseswith:
a) Increasdn length
b) Decreaseén temperature
c) Increasan crosssectionakrea
d) Useof high-conductivitymaterial

3. Whichlaw definesthe relationshipbetweenvoltage,current, andresistance?
a)Cl NJ Raweé Qa
b)h K Y&
c)! YLIS N&Qa
d)/ 2 dzf 2Law Qa

—______B&____________
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4. Adiodeiscommonlyusedfor:
a) Switchingonly
b) Rectification
¢) Amplification
d) SignalTransmission

5. Whichtype of power supplyis commonlyusedfor energyefficiencyin modernelectronics?
a) LinearPowerSupply
b) Switching?owerSupply
c)UPS
d) Battery
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— Notes
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— KeyLearningOutcomes| ¥

Bythe end of this module, the participantswill be ableto:
1.

2.

® N o oW

9.
10. Differentiatebetweendifferent inspectionmethodsusedin solderpasteprinting.

Demonstratethe correctprocedurefor applyingsolderpasteona PCB

Identify andlist the toolsandaccessoriegequiredfor screenprinting.

Explainthe key parametersinfluencingthe screenprinting process

Performthe stencilcleaningprocessffectively.

Analyzethe importanceof the bakingprocessn PCBassembly

Identify ovenspecificationgnd requirementsfor performingbakingoperations
Listandexplainthe factorsthat influencebakingtime andtemperaturefor effectiveresults

Differentiate between various types of screenprinting machinesbased on functionality and
application

Listthe keyfeaturesof equipmentusedfor detectingsolderpasteprinting defects

11. Analyzethe causef commonsolderpasteprint inspectionoutcomes
12. Listsolderpasteprinting defectsalongwith their acceptancendrejectioncriteria.
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UNIT 2.1Screen Printing Process

— Unit Objectives|©@

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

1. Demonstratethe step-by-stepprocesof applyingsolderpasteaccuratelyon aPCB

2. ldentifyandlist the essentiatoolsandaccessoriesisedin the screenprinting process

3. Explairthe criticalparameterghat influencethe quality and effectivenes®f screenprinting.
4. Performthe stencilcleaningprocesausingstandardprocedureso ensuredefectfree printing.

— 2.1.1ApplyingSolderPaste

When a bare PCBenters the SMTassemblyline, the first step is the applicationof solder paste
Screenprinting is the most commonly used method for this purpose In this process,a stencil
(typicallymade of stainlesssteel) with predefinedaperturesis placedover the PCB Solderpasteis
then depositedonto the copperpadsby movinga squeegeeacrosshe stencil Thesqueegeeheld at
an angleof approximately45cto 60c pushesand rolls the solder pasteinto the stencilapertures,
ensuringprecisedepositionon the pads Thisstep is critical, as accuratepaste applicationdirectly
influencesthe quality of solderjointsin the subsequenteflow process

PrintDirection
[———F 1

. Squesges Blade

Solder Paste

Printed Circuit

Board

Fig.2.1.1:Thewayof applyingthe solderpasteon the board

&
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— 2.1.2Parameterf Printing Process

Thefollowingfigureliststhe keyparametersf aneffectivesolderpasteprinting:

Fig.2.1.7:Keyparametersof an effective soldepasteprinting
Squeege&peed

Theavailabletime for the solderpasteto getrolled into the stencilaperturesand then onto
the PCBpadsdependsonthe speedof the squeegeeTypicallysqueegeespeedis setat 25mm
per secondbut this may vary on the basisof the I LJS NIsitaddsl Deéitype of solderpaste
used

Squeegedlressure

Sufficientpressureis requiredto be appliedalongthe lengthof the squeegeéladeduringthe
print cycleto achievea clean wipe of the stencil The following figure lists the effect of
insufficientsqueegeeressureonthe PCB

Toolittle pressurecancause smearingf the pasteon the stencil,poor
depositionandincompletetransferto the PCB.

excessvearon thestenciland squeegeeandbleedingof the paste
betweenthe stencilandthe PCB.

> Toomuchpressurecancause scoopingf the paste from larger apertures,

Fig.2.1.8:Effectof insufficientsqueege@ressurenthe PCB
Typicallythe pressurdssetat 0.5Kgoer 25mmof squeegedlade.
Stendl Separation Speed

It is the speedat whichthe PCBgets separatedfrom the stencilafter printing. The aperture
sizegovernsthe speed Typically,the speedof up to 3mm per secondneedsto be used If
separationistoo fast, it will not allowthe solderpasteto be fully releasedfrom the apertures
Also,highspeedwill causedog-ears whichisthe formationof highedgesaroundthe deposits

Iy
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Thefollowingimageshowsdog-earsformationin solderpasteprinting:

Fig.2.1.9:Dogearsformationin solderpasteprinting

Conditionof Stenciland Squeegee

Squeegeesand stencils need appropriate storage facilities and need to be maintained
carefully. If any mechanicaldamageoccursto them it may causeundesiredresults Before
they are used,they needto be checkedproperly. After beingused,they shouldbe thoroughly
cleanedto eliminate any solder pasteresidue An automatedcleaningsystemis ideallyused
to cleanthem. If anydamageto the squeegee®r stencilsis detected,they shouldbe promptly
replaced Thisisrequiredto ensurethat the procesdsreliableandrepeatable

PCBsupport

Duringthe printing processthe PCBs requiredto be held flat againstthe stencil It needsto

be well supportedand securedotherwise printing defectscan occur suchas smudgingand
improper paste deposit The PCBsupportsthat come with the printing machinesgenerally
permit a certainfixed height Thesesupportshavethe provisionfor programmablepositions
to ensure a consistent process Theseadaptable PCBsupports are availablein different
designs Theseare usefulfor the double-sidedassembliesand can mould themselvesas per
the PCBThefollowingimageshowsan adaptablePCBsupportin use

Fig.2.1.10:AnadaptablePCBsupportin use

Print Stroke

Thedistancethat is travelled by a squeegeeacrossa stencilis known asa print stroke The
distancerecommendedor a stroke pastthe furthest apertureis at least20mm. Thisdistance
isessentiahsit givesthe requiredspaceto the pasteto roll onits return stroke Thedownward
forcethat isgenerateddueto the rolling of the solderpastebeadpropelsthe pasteinsidethe
apertures
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Typeof SolderPaste jts Storageand Handling

Thesolderpasteof correcttype shouldbe selecteddependingon the sizeof the aperture The
particlesizewithin the solderpasteaffectsthe releasefrom the apertures Thefollowingtable
liststhe availableparticlesizes

Particlesizein microns Particletype
7545 2
4525 3
3820 4
2515 5
155 6

Table2.1.1:Availableparticlesizes

Thereis a W pall Ndz6t&i@ythat at least5 solderparticlesshouldspanacrossthe width of
the smallestaperture.Thefollowingfigure showsthe 5-solderballrule:

Fig.2.1.11:5 solderallrule

Both typesof solderpaste, TinLeadand LeadFree,needto be storedin a refrigeratedplace
to maintain their shelflife. But before using the paste, it must be brought to room
temperaturefor at leasteight hoursfor maintainingthe quality. The paste should be mixed
well manuallyor automaticallyfor one to three minutesbefore beingused Thisneedsto be
done to achieveeven distribution of the componentsthroughout the paste The following
figureexplainghe expiryof solderpaste

" Soldempastethat hasbeen in use for moréhan 8hours shoulde disposed
off.

hoursin asealedcontainerat roomtemperaturebeforebeingre-used
_dependingupondatasheetof solderpasteused )

Fig 2.1.12: Expiryof solderpaste

The working environmentthat includesrelative humidity and ambient temperature affects
the performanceof the paste A basiccoalescenceéest maybe performedto checkthe paste
condition

Iy
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— 2.1.4StencilCleaningProcess

A regularcleaningof the stencilis amust It canbe done manuallyor automatically Most of
the automatic printing machinesprovide a systemthat can be set up in sucha way that it
cleansthe stencilafter a pre-defined number of prints. It doesthis by wiping with a lint-free
material along with usinga cleaningchemicalsuchasIPA The systemcarriesout following
two functions

1 Cleaninghe undersideof stencil inorderto stopsmudging
1 Cleaninghe aperturesusingvacuumin orderto stopblockages

Thefollowingimagesshowthe defectsthat occurwhenthe stencilis not cleaned

Solder paste bleeding Blocked aperture of
under stencil stencil

Fig.2.1.13:Defectsvhenthe stencilisnot cleaned

Thefollowingimageshowsthe stencilcleaningolls:

Fig.2.1.14:Stencicleaningolls
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UNIT 2.2Pre-baking of Board

— Unit Objectives|©@

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

1. Analyzethe purposeandimportanceof the bakingprocessn PCBassembly

2. ldentifythe ovenspecificationgndrequirementsnecessaryo perform effectivebaking

3. Listand explainthe factors that influence bakingtime and temperature for achievingreliable
results

— 2.2.1 Need of BakingProcess

Bakingprocessmay be essentiafor the removalof anyresidualmoisturewhichmayget absorbed
into the PCBduring the period between its fabrication completion and exposureto assembly
soldering Ideally,the PCBshouldbe dry packedby the manufacturersadheringto the printing

boardhandlingand storageguidelinegIPC1601), where the moisturecontentis controlledasper

the specificationsHowever there maybe chancedhat leadto increasedmoisturecontentsin the

PCBonceit is openedfrom the packagindgor the screenprinting process Theincreasedmnoisture

contentin the PCBmayleadto delaminationof the PCBonce it is put into the solderingprocess

Thefollowingimageshowsdelaminationandblistering defects

Delamination Blistering

Fig.2.2.1:Delaminatiorandblisteringdefects

Themoisturecontentcanbe checkedwith a humidityindicatorcard. Thefollowingimage
showsa humidityindicatorcard:

HUMIDITY INDICATOR

with IPC/JEDEC J-STD-033

2 PARTS
Bake parts 60%
if 60% is

NOT blue

LEVEL

2A-5A 10%
PARTS

Bake parts
if10% is

NOT blue

and 5% 5%
is pink

SCC Sanford, NC Lot 081804

OO

Initial Use: Do not put this
card into a bag if 60% is pink.

Fig.2.2.2:Humidityindicatorcard
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It is highlyrecommendedhat a printed board fabricator shouldcontrol the moisture content
of the PCBduring the fabrication processbefore placingit in protective packaging Thisis
neededto avoid the bakingprocess The bakingof board should be done only when it is
required as excesdakingreducessolderability It alsoincreaseghe costaswell asthe cycle
time.

Bakingshouldbe performedin a forced air recirculatingoven, though effectivenesamay be
improvedby reducingthe relative humidity or vapour pressurein the oven,suchasthrough
bakingin vacuumor nitrogen atmosphere Theoventhat is usedfor baking,shouldnot only
be vented but also be able to maintain the required temperature along with the relative
humidity (RH)aslessthan 5% Theovenshouldbe free of contamination Contaminantsuch
as siliconescan depositon the surfaceof the board Sufficientspaceshouldbe maintained
betweenthe printed boardsfor heatedair to circulateandremovethe moisture

The following figure lists the factors that affect the time and temperature required for
effectivebaking

Fig.2.2.3:Factorghat affectthe time andtemperature requiredor effectivebaking

Thefollowingtable showsthe typicalrecommendationgor ovensettings

7 o i .

e T Tigg

Tm 105 125 °C | 4-6 Hours | Higher temperature may

Silver 105-125°C | 4-6 Hours | Silver may tamush, but solderability should not be
affected

Nickel/Gold 105-125°C | 4-6 Hours | No 1ssue with extended bake on Nickel/Gold fumsh

HASIJHAL 105-125°C | 4-6 Hours | Final surface thickness below 0.77 ym [30.0 1n]

may turmn 1nto pure intermetallics and render the
prnted board unsolderable

Table2.2.1: Typicarecommendationfor ovensettings

If the boardsare bakedin stacks the maximumrecommendedstackheightis 25.4mm (1.0in)
to ensurethat heatingis uniform throughout the stack Stacksare typically bakedfor two
hoursat 105-120°C. Thematerialshouldbe cooledasfastaspossiblein a dry environmentas
hot materialin a humidatmospherewill reabsorbmoisturerapidly.

—————— B
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—2.2.2 Solder Paste Thawing

Solderpasteis a critical materialin surfacemount technology(SMT) consistingof tiny solderspheres
suspendedn a flux medium For optimal performance,it must be stored under specificconditions
andproperlypreparedbeforeuse

SolderPasteStorageand Handling

Solderpasteis typically stored in a refrigeratedenvironmentat a low temperature, usuallyaround
5aC, to maintain its consistencyand extend its shelf life. To ensure freshnessand prevent using
expiredmaterial,a Firstin, FirstOut (FIFO)nventorymanagemensystemshouldalwaysbe followed.

Container-1

Container-2

ThawingProcess
Before beingusedin a solder paste printer, the cold solder paste must be brought to the ambient
temperature of the shop floor. This process.,known as thawing, is essentialto ensurethe paste's
viscosityis correctfor printing. Usingcold pastecanleadto improper flow, poor stencilrelease,and
defects
Tothaw the paste,it's typically removedfrom cold storageand allowedto sit in a cool, controlled
area Formore preciseand acceleratedhawing,a solderpastethawingapparatusis often used This
machinegently agitatesthe solderpaste container,ensuringa uniform temperature and consistency
throughoutthe paste Thespeed(RPM)and duration of the agitationare determinedby factorssuch
as

w Theinitial coldstoragetemperature

w Thesizeof the solderspheresn the paste

w Themanufacturer'secommendations

PostThawinglnspection
Oncethawed,the solderpastemustbe inspectedio confirmit isreadyfor use Techniciangheckfor:
w SolidLumps Presencef solidclumpsindicatesimproperthawingor degradation
w Air Bubbles Bubblescanleadto voidsin the solderjoints after reflow.
w FluxSeparationVisibleseparationof the solderspheresfrom the flux indicatesthe pasteis not
ahomogeneousnixture.
If any of these issuesare detected, the paste should either be re-thawed (if the issueis minor) or
discardedo preventprinting defects

Typesof ThawingEquipment
Modern thawing equipmentcomesin variousdesigns offering different featuresto suit production
needs
w ContainerCapacityMachinescanthaw multiple containersat once,improvingefficiency
w SpeedControt Somemachinesoffer variablespeedsettings,allowingfor precisecontrol based
on different pastetypes
w Maintenance Equipmentis designedfor low maintenance assolder paste cansometimesspill
andcontaminateinternalcomponents
Properthawing and inspectionare critical stepsin the SMTassemblyprocessdirectly impactingthe

quality andreliability of the solderjoints.
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SolderPasteStencils

A solderpastestencilis a thin sheetof material, typically stainlesssteel, with precisiorcut openings
(apertures)that correspondto the surfacemount padson a PCB Createdfrom the PCB'SCADdata,
the stencilis usedin the printing procesgo deposita preciseamountof solderpasteonto the pads

Fabricationand Use

Stencilsare often lasercut to achievethe high precision required for modern electronics The
material canbe coatedor plated to improve pastereleaseand ensurea smooth application During
the printing processthe stencilis alignedwith the PCBanda squeegeébladeis usedto spreadsolder
pasteacrossits surface Thepasteis forcedthroughthe apertures,leavinga uniform depositon each
pad

Theprocessypically takes15-45 secondsper board

After printing, the board is often inspectedusing an automated optical inspection(AOIl)systemto
verify the quality and volume of the pastedeposit The stencilis then cleanedbefore beingusedfor
the nextboard

Advantagesof Usinga SolderPasteStencil
Usinga solderpastestenciloffers numerousbenefitsthat are crucialfor efficientand high-quality PCB
assembly
wUniformity and Precision Stencilsensure that the correct amount of solder paste is applied
uniformly to every pad, resulting in consistentand reliable solder joints. Thisis a significant
advantageover manualapplication
wEfficiency Theyenablethe entire boardto be printed with solderpastein a singlestep,drastically
reducingthe time andeffort requiredcomparedto applyingpasteto eachpadindividually
wHigh Accuracy Stencilsprovide excellent positional accuracyand are essentialfor fine-pitch
componentswhichhavevery smallpadsandtight spacing Theirusesignificantlyreducesthe risk
of defectslike bridging(soldershorts)andinsufficientpaste(opencircuits)
wProces<Lontrot By controllingthe volume and shapeof the pastedeposit, stencilshelp to make
the assemblyprocesgeliableandrepeatable Jeadingto higheryieldsandreducedrework.

—2.2.3 Temperature and Humidity Control in SMT Manufacturiag

Properenvironmentalcontrol is criticalin SurfaceMount TechnologySMT)manufacturingo prevent
defects and ensure product quality. Uncontrolledtemperature and humidity can negativelyaffect
solderpasteperformanceand moisture-sensitivecomponents

RelativeHumidity (Rh)

Relativehumidity is the measureof water vaporin the air relative to the maximumamountthe air
can hold at a giventemperature Controllingit is essentialfor the reliability of solder joints and
components
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HighHumidity

Highhumidity cancausesolderpasteto absorbexcessivanoisture,leadingto:

w Slumping The paste becomestoo fluid and spreadsout, causingbridging (unwanted solder
connectionspetweenadjacentpadsduringreflow.

w SolderballingTrappedmoisturerapidly boilsduringreflow, violently expellingsolderparticlesand
creatingsmallspheresof solderawayfrom the joint.

w Popcorning Thisis aterm usedto describethe effect on Moisture SensitiveComponentfMSCs)
Moisture absorbed by the component package expandsrapidly during reflow, causingthe
packageo crackor evenexplode

LowHumidity

Lowhumidity cancausethe flux in solderpasteto dry out too quickly. Thisresultsin:

w PoorStencilReleaseThedried pastecanstickto the stencil,leadingto incompletedepositionon
the PCBpads

w InsufficientSolderJoints Thelackof proper pastevolumecanresultin weakor opensolderjoints.

Temperature
Temperaturedirectly affectsthe viscosityof solderpasteandthe behaviorof components
I. HighTemperature
Hightemperaturesreducethe viscosityof solder paste, causingit to becometoo thin. Thiscanlead
to:
w Slumpingand Smearing The paste becomesoverly fluid and spreads,potentially leadingto
bridging
w Voiding Excessivéneat can causegassesn the pasteto escapetoo quickly, creating voids
(emptyspacesvithin the finishedsolderjoint.
w Oxidation Highertemperaturesacceleratethe oxidationof both solderpasteand component
pads,whichcaninhibit properwetting and createweaksolderconnections

Il. LowTemperature
Lowtemperaturesincreasesolderpasteviscosity makingit too thick. Thiscancause
w Printing Defects The pasteis too stiff to roll properly, leadingto inconsistentpaste volume,
incompleteaperturefilling, and poor stencilrelease

AcceptableConditionsand Control

While expertopinionson the optimal rangesvary,a generallyacceptedrangefor most SMTprocesses
IS a temperature of 68-78d (20-25cC) and a relative humidity of 40-60% However, the ideal
conditionscandependon the specificsolderpasteandcomponentsused

w Monitoring: Use high-quality humidity and temperature sensorsplaced strategicallyon the
manufacturingfloor. Regularcalibrationandinspectionof thesesensorsare crucial

w Environmental Controt Invest in a robust HVAC system that can effectively manage
temperatureandhumidity. A dedicateddehumidifieris essentiain humid climates

w Nitrogenin Ovens Usingnitrogengasin the reflow ovencanhelp reduceoxidation,especially
in environmentswith highhumidity.

w Moisture-Sensitive Components (MSCs) These components are graded based on their
sensitivityto moisture Theymust be stored in dry bagswith a desiccantand exposedto the
atmospherefor a limited time before assemblyto preventpopcorningduringreflow. Adhering
to the manufacturer'smoistureexposureguidelineds critical
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UNIT 2.3Screen Printing Machines

— Unit Objectives |©@

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

1. Differentiatebetweenthe different typesof screenprintingmachines

—2.3.1 Types of ScreeRrinting Machines

In screenprinting and componentplacementthere are four key dimensionghat mustbe controlledfor
accuracy

w X-axis¢ Horizontalmovement

w Y-axis¢ Verticalmovement

w Z-axis¢ Heightor pressurecontrol.
w ¢ (Theta)g Rotationalalignment

Theprecisionwith whichtheseparametersare adjusteddirectly impactssolderpastedepositionquality
and overall assemblyaccuracy Basedon the level of automation availableto control these variables,
three maintypesof screenprinting machinesare usedin PCBassembly

Manual ScreenrPrinting Machine

In a manualscreenprinter, all four parameters(X,Y,Z,and ¢ (@re adjustedmanuallyby the operator.
Thistype of machineis generallyusedfor low-volume production, prototyping, or training purposes,
whereflexibility and costeffectivenessare moreimportantthan highthroughput

Theimageshowsthe different parts of a manualscreenprinting machine

Adjustable
Foot Of Basé

Fig. 2.3.1: Parts of a manual scregninting machine

o
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SemtAutomatic ScreenPrinting Machine

A semiautomatic stencil printer combines manual setup with automated functions to improve
consistencyandreduceoperatoreffort. Typicafeaturesinclude

w Automaticboardclampingandreleasefor easierloadingandunloading reducingoperatorfatigue
w Controlledsqueegeeressureto ensureconsistentpastedeposition

w Programmablesqueegeanovementandspeed,mprovingrepeatabilityacrossmultiple prints.

w Visualalignment/assistoolsto supportaccurateP CBpositioningagainstthe stencil

w Semiautomatic machinesare well-suited for mediumvolume production, balancingcost and
efficiency

Fig. 2.3.2: A sengiutomatic screefprinting machine

Automatic ScreenPrinting Machine
An automatic screen printer providesthe highest
level of precision, repeatability, and throughput
Thesemachinesintegrate advancedfeatures such
as
wAutomatic fiducial alignment to control
positioningin X,Y,Z,and¢$ axes
wAutomated board loading and unloading,
minimizingoperatorintervention
wOptimizedprocesscontrol for high-speed,high-
volumeproductionwith consistentquality.
For production environments handling 2,000 or
more boards per day, automatic systems offer
significantbenefitsin terms of labor costreduction,
improved vyield, and greater control over the Fig. 2.3.3: An automatic scre@ninting machine
printing process

N .
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Thefollowing table liststhe parametersof an automatic screenprinting machine

Parameter Specification Notes
~ 4,000¢ 6,000 PCB/hr Highsspeed models achieve
Printing Throughput (depending on PCB size & >6,000/hr with inline
complexity) automation.
_ : Critical for finepitch SMT
Printing Accuracy +20¢25 um @ 6 Sigma components (<0.5 mm pitch).
. Ensures uniform solder paste
Repeatability +12¢15 pm deposition.
Mid- to highrange machines;
Max PCB Size Typicallyup to 510x510 mm | compact machines may suppo
300x% 300 mm.
PCB Thickness Range 0.4¢ 6.0 mm Compatible with standard F&

and specialty boards.

Adjustable, typically 584584 [ Can support larger with adapte

Stencil Frame Size YY o600 0 Kits.

Paste Rolling Speed (Squeegsd
Stroke)

Programmable, depends on

30¢ 200 mm/sec
paste type.

Ensures consistent paste fill

Squeegee Pressure Control | Automatic, programmable
across apertures.

Cleans underside of stencil &

Cleaning System Automatic (dry, wet, vacuum) apertures to prevent defects

Automatic vision alignment (X,| Uses camera to detect PCB

Fiducial Alignment L, X BT 0 fiducials for precise registratiot

220c415 VAC, 50 Hz;Phase,

Power Supply 2¢6 KW

Indian shogfloor compatible.

Compressed Air Requirement |~ 0.50.6 MPa (§6 bar) For pneumatic actuators &

clamping.

: . : ~1.5¢2.0m (W) 1.2¢ 1.5 m |Mid-range PCB printers; inline
Machine Dimensions (D)x1.5¢1.8m(H) systems may be longer.
Weight ~ 800c 1,200 kg ]I(ieavyduty.frame for vibration

ree precision.
Often Windows/Linux based
Control System Touchscreen + Plased GUI | with SPC (statistical process

control).

Controlled environment avoidsg
Environment Requirement Temp: 233 °C, RH: 460% [ solder paste drying/moisture
issues.

Table 2.3.1: Typical parameters of an automatic scig@nting machine

'
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Parameter

—2.3.2 Setting Up a Scredprinting Machine

Standard Values (Corrected &

Thefollowingtable liststhe standardvalueof different parametersof a screenprinting machine

Notes / Clarifications

Verified)

Squeegee

150 mm/sec (6 in/sec) is

A rrect, but range depends on

Speed 20cmp 1YY KGh iB/eec) g Egl er paste type & aperture

size.

andp 13¢ | T2YyS

pressure is proportional to
Pressure Scmp b cd.5 kgyppr 25 blade length. Typical motion

mm of blade length )

speed is set separately, not ag

GHn YYkaSoOo¢
Angle 45° ¢ 60° typical; up to 78in 60°is most common for fine

some cases

pitch SMT printing.

Solder Paste

Thickness

100¢ 150 pm (4 6 mils)

145 pm is within standard
range.

Viscosity

300,000¢ 1,600,000 cP

Range given is correct (per P
TM-650 & paste datasheets).

Composition (SiPb)

Sn 63% / Pb 37%

Correct for eutectic solder.

Composition (Leaéfree)

Sn 96.5% / Ag 3% / Cu 0.5%

Correct (SAC305 alloy).

Stencil
Lasercut stainless steel (frame
Type or frameless, nancoated Matches industry practice.
optional)
Your values (0.@®.16 in = 29
Thickness 100¢mp n kY qDO06DA60miIls) are incorrect by factd
in/4¢6 mils) of 10. Standard stencil thickne
is 0.0040.006 in, not 0.02 in+.
Environment
Temperature 22¢25°C Correct, stable room
temperature required.
Correct range, though keeping
P
Humidity 40¢ 60% RH closer to 50% is ideal. Below

30% risks paste drying; above

60% risks moisture absorption

Table 2.3.2: Standard value of different parameters of a sepegning machine
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Thefollowing imageshowsthe userinterface of a screenprinting machine

Machine Status Page Language Seloction Bunen Holp Meny Button

Vision Window

Navigadon Panel

_ Machine Mimic Window

T Emwircnmental Panel

PromptBar Machine Commands Pane!

Fig. 2.3.4: User interface of a scrg@mmting machine

SafetyMeasuresfor ScreenPrinting MachineOperation
1. Personabafety(OperatorPrecautions)
w Alwayswear ESBsafegloves shoesandwrist strapsto preventelectrostaticdischargehat can
damagePCBs
w Usesafetyglasseso protecteyesfrom solderpastesplashe®r cleaningsolvents
w Avoidlooseclothing,jewelry,or longhair nearmovingparts(squeegeegconveyor stencillift) .
w Washhandsafter handlingsolderpaste,flux, or cleaningchemicaldo preventingestionor skin
irritation.

2. MachineSafety

w Ensureall guardscoversandinterlocksare in placebefore operation

w Do not attempt to reachinto the machinewhile it is running (squeegeeor stencilmechanism
cancausenjury).

w Followproperlockout/tagoutproceduresvhenservicingor repairingthe machine

w Regularlynspectpneumaticandelectricalconnectiondor leaks,wear, or loosefittings.

w Avoidoverloadingthe machinewith oversizedor warped PCBsasthis can damagealignment
systems

3. SolderPaste& ChemicaHandling
w Storesolderpastein refrigeratedconditions(1¢10 dC) warmto roomtemperaturebeforeuse
w Mix solderpastein a closedenvironment(manualor automaticmixer)to avoidfumes
w Handle solvents (e.g., IPA for stencil cleaning)in a well-ventilated area or under fume
extraction
w Dispose of expired solder paste and cleaning materials according to hazardouswaste
guidelines
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4. Environmentak& ErgonomicSafety

wMaintain room temperature 22¢25 oC and RH40¢60% to ensure stable printing and reduce
moistureabsorption

wProvideadequatelightingaroundthe stencilareafor visualinspection
wEnsureproperventilation/ fume extractionnearthe printing andcleaningzones
wSetmachineat appropriateworkingheightto reduceoperatorfatigue.

5. EmergencyPreparedness

wTrainoperatorsto immediately pressthe EmergencyStop (EStop) button in caseof abnormal
soundsmotion, or hazards

wKeepa spillkit for solderpasteor solventleaks
wProvidenearbyfire extinguishersatedfor electricalandchemicafires.
wMaintainfirst-aid kits andtrain staff in basicresponseo chemicakexposure

6. OperationaBestPractices
wPerformdaily cleaningof machinesurfacedo avoidsolderpastebuildup.
wClearstencilsat recommendedntervalsto preventsmudging/bridginglefects
wUselint-free wipesandonly approvedsolventsfor stencilandundersidecleaning
wTrainoperatorsto handlePCBsvith careto avoidbending,contamination,or ESODdamage
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UNIT 2.4Solder Paste Inspection (SPI)

— Unit Objectives |©@

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

1. Describehe importanceof SolderPastelnspection(SPI)n the PCBassemblyrocess
2. Differentiatebetween2D and 3D inspectionmethodsfor solderpaste

3. Identifycommonsolderpasteprinting defectsandtheir root causes

4. Explairhow SPEequipmenthelpsin processcontroland defectprevention

—2.4.1 Identification of Solder Paste Printing Defects

Solderpaste printing is the most critical processin SurfaceMount Technology(SMT)assembly,as
printing defectsaccountfor a significantmajority (often cited as over 60%) of all end-of-line faults.
SolderPastelnspection(SPI)is an automated processusedto monitor and control the quality of the
solderpastedepositon the PCBoadsbefore componentplacement ImplementingSPlat this stageis a
crucialstrategyfor preventingcostlyrework, improvingfirst-passyield, and achievinga fasterreturn on
investment

-
1

Fig. 2.4.1: An SPI Equipment

KeyFeaturesof Modern SPISystems
Modern SPIsystems,suchas 5D post-print inspectionsystems,use advancedsensortechnologyand
combine both 3D and 2D imaging methodologiessimultaneouslyto provide comprehensivedefect
detection Thiscombinedapproachoffers:
w TopographicaBD Zero Referencing The systemusesthe board's surfaceas a reference plane,
allowingfor preciseheightmeasurement®f the solderpastedeposit
w ShadowFree Measurement By using multiple light sources,3D systemscan eliminate shadows,
ensuringaccurateand precisemeasuremenbf pastevolume,shape andheight

&
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Typesof Inspection(2D/3D)

AutomatedSPkystemscanverify the accuracyof solderpastedeposits Theprimarytypesof inspection
availableare 2D and 3D.

A 2D Inspection Thismethod usesa singlecameraand a light sourceto capture a top-down, two-
dimensionalimageof the solderpastedeposit It can measurethe areaand position of the paste
However, it cannot measurethe height or volume of the paste, makingit susceptibleto false
readingsfrom slumpedor smearedpaste

A 3D Inspection This method usesstructured light (e.g., lasersor digital projectors) and multiple
camerasto create a 3D topographicalmap of the solder paste deposit This allows for precise
measuremenbf volume,height,shape,andarea 3D inspectionis consideredthe industry standard
asit providesthe most critical data for processcontrol and is highly effective at detecting subtle
defectsthat 2D systemsannot

2D Inspection: Checks the area of the paste deposit

' M

N

3D Inspection: Checks the volume of the paste deposit

Fig. 2.4.2: Types of inspection available
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Slumped print

Bridging

I

Peaking

Fig. 2.4.3: Possible solder paste print inspection results

CommonSolderPastePrinting Defects
Hereare somecommonsolderpasteprinting defectsandtheir primarycauses
w Slumping Thisdefect occurswhen the solderpastespreadsor collapsesafter printing. It is often
causedby an overly highambienttemperatureon the productionfloor, whichreducesthe paste's
viscosity
w Scooping/Scavenginghishappenswhenthe solderpasteis partiallyor completelyremovedfrom
the stencilapertures Themost frequent causeis excessivesqueegeepressure which scoopsthe
pasteout of the openinggrather than pushingit through
Bridging Thisis the unwantedconnectionof solderpastebetweenadjacentpads It canbe caused
by avarietyof issuesjncluding
Improperboardsupport,whichallowsthe PCBo flex.
Adirty or damagedstencil,whichpreventsa cleanprint.
Slumpingdueto hightemperaturesor humidity.
Peaking/Dogtaring Thisdefectrefersto the formation of smallpeaksor "dog-ears"on the top of
the solderpastedeposit It is typicallycausedby a stencilseparationspeedthat is too fast, which
pullsthe pasteupwardasthe stencilseparatedrom the board

€

€ € € ¢
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Thefollowingfigure listsother solderpasteprinting defectsandtheir criteriain a table:

Solder paste printing shifted in xy direction Criteria
Preferred

For Components tke 0805, 1206 .

Displacement < 0.2 mm

For multi-lead components the array resisior with a piich <
08mm:

Displacoment < 0.1 mm
Rejected

!l"l" For Components ke 0805, 1206 .
Displacement > 0.2 mm,

= I

Rejected
Contamination of paste, oo ittle paste and no paste

Rejected

Paste cutfiow more than 0.2mm outsde e soider land
caused by 100 much solder paste or to0 great a placing
force, (for mult-iead components with pitch < 0.8 mm
outiow more than 0.1mm)

Fig. 2.4.4: Other solder paste printing defects and their criteria
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— Exercise

N

ShortQuestions
1. Explairthe role of solderpastein SMTassembly

2. Listthree criticalparametersof the screenprinting processand describetheir impact

3. Differentiatebetweenmanual,semiautomatic,andautomaticscreenprinting machines

4. Whyispre-bakingof PCBsometimesequiredbefore assembly?

5. Compare2D and 3D solderpasteinspectionmethodswith examplesof defectsthey candetect

Fillin the Blanks

1. The isathin sheetof stainlesssteelusedto transfersolderpasteonto PCBpads

2. Typicaktencilthicknesgangesfrom to microns

3. Theprocessof graduallyseparatingthe PCBfrom the stencilafter printing is called
speed

4. The rule statesthat at leastfive solderparticlesshouldspanacrossthe width of the
smallestaperture

5. Delaminatiorandblisteringin PCBsluringsolderingare causecby

Multiple ChoiceQuestions(MCQs)

1. Whichtool isusedto spreadsolderpasteevenlyacrosghe stencil?
a)Brush
b) Squeegedlade
c)Roller
d) Heater

2. Therecommendedangleof a squeegeéladeduringscreenprintingis:
a)10a;20c
b) 250;35¢c
) 45a;60c
d) 800;90c

3. Excessivequeegeressurecancause
a) Bettersolderpastetransfer
b) Scoopin®f pasteandstencildamage
¢) Improvedpasteuniformity
d) Reducedtleaningrequirement

—_____&____________
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4. Thebakingprocesf a PCBoefore assemblys mainlydoneto:
a) Reducepadsize
b) Removeabsorbedmoisture
c¢) Improvestencilrelease
d) Reducecopperoxidation
5. Whichinspectionmethodcanmeasuresolderpasteheightandvolumeaccurately?
a) 2D Inspection
b) Manualvisualinspection
¢)3DInspection
d) Noneof the above
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— Notes
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- KeyLearningOutcomes| ¥

Bythe end of this module, the participantswill be ableto:

© N o g M NP

Listthe keycomponentf the pick-and-placeprocess
Definecommontermsusedin pick-and-placeoperations

Identify the major partsof a pick-and-placemachine

Demonstratethe correctprocedurefor startingup andshuttingdown the machine
Listthe different typesof feedersusedin SMTassembly

Demonstratethe stepsfor operatingtape feeders

Recogniz¢he applicationof traysfor loadingchipcomponents

Explairthe functionsof a chipshooterandfine-pitch placer.
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UNIT 3.1Components Pick and Place Operations

— Unit Objectives|©@

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

1. Listthe keycomponentof anautomatedpickandplacemachine
2. Defineessentialterms usedin pick and placeoperations,suchasfiducial marksand component
feeders

—3.1.1 Components of the Pick and Place Process

The pick and place processis the core of modern electronics manufacturing, where electronic
componentsare preciselyplacedonto a PCB Thisstep is crucial for creatinga functional circuit by
ensuringthat componentieadsare correctlypositionedwithin the solderpasteon the pads
The pick and place processis executed by a sophisticated machine that assembleselectronic
componentsonto a printed circuit board (PCBWith high speedand precision The key componentsof
this procesdnclude
Pickand PlaceMachine
The core of the operation Thisis a robotic systemwith a moving head that can accesscomponent
feedersandthe PCB
w NozzleHead The part of the machinethat picksup and placescomponents It usesvacuum
pressureto holdthe componentssecurely
w ComponentFeeders Theseare dispensingunits that hold the componentsin an organized
manner(e.g., ontapes,in tubes,or in trays)and presentthem to the nozzleheadfor picking
w ConveyorSystem This movesthe PCBinto and out of the machine'swork area, ensuringa
continuousandautomatedassemblyine.
w VisionSystemCameras)Camerasre usedfor two primaryfunctions
w FiduciaRecognitionTopreciselyalignthe PCBoefore placement
w ComponentRecognition To inspectcomponentsfor correct orientation and to verify they have
beenpickedcorrectly.
w Control Software The software that controls all machine functions, including the placement
coordinateqfrom the CADdata),speed,andvisionsystemoperations
Automated Placement
To achievethe high speed and accuracyrequired for mass production, automated pick and place
machinesare used Thesemachinesusevacuumnozzleso pick componentsfrom feedersor traysand
then place them onto the PCB During this process,a cameraoften performs a visual inspectionto
ensurethe correct componenthas been picked and to verify its orientation. The machine precisely
adjuststhe component'spositionusinga coordinatesystembefore placingit on the board
For double-sided boards or componentsthat may shift before soldering,a small amount of Surface
Mount Technology{SMT)gluecanbe appliedto temporarilysecurethe componentto the PCB

. —




Participant Handbook

CoordinateSystem
Theprecisepositioningof componentds controlledby a multi-axiscoordinatesystem

wX-axis Controlshorizontalmovement(left and right), with a positive value typically representing

movementto the right.
wY-axis Controlsverticalmovement(forward and back),with a positive valuetypically representing

movementforward.
wZ-axis Controlsvertical height (up and down), with a positive value typically representingupward

movement
wGaxis (or Theta, ¢ DControlsthe rotational movementof the component,with a positive value

typicallyrepresentinga counter-clockwiserotation.

Top View Side View

e
Fig.3.1.2:Topviewandsideviewof the positioningof the components

Theunits for the axesare setin the GraphicUserInterface(GUI) Thedefault unit for X,Y and Z axesis
millimetersandfor Caxisisdegree

—3.1.2 Common Terms Used in Pick and Place Operatiohs—

Board

In SMTmanufacturing,a boardrefersto the physicalPrinted CircuitBoard(PCBpPnto which electronic
componentsare mounted Eachrevisionor designupdate of a PCBs considereda new board In pick-
and-placeoperations,the board data (often from CADor Gerberfiles) containsplacementinformation
that guidesthe machinesoftwareon where andhow to positioneachcomponentaccurately

N R
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Fiducial

Afiducialis a referencemarkeron the PCBusedby the visionsystemof the pickand-placemachineto
alignthe board with high precision Fiducialsare typically small,round copperpadswith a clear,solder
masl¢free area around them (known as a keepout zone)to ensure high-contrast recognition They
allow the machineto correct for slight shifts, rotations, or distortions in PCBpositioning during
assemblyMost PCBsncludeglobalfiducials(for overallboard alignment)and localfiducials(nearfine-
pitch componentdor localizedaccuracy)

Fig. 3.1.3: Fiducials on a PCB

Thefollowingimagesshowfiducialalignments:

CG1DX= 51DY= 3 COUNT= 978 (approx 8sar or 9dia)

Fig. 3.1.4a: Before fiducial alignment Fig. 3.1.4b: After fiducial alignment

Customersare generallyrecommendedto provide three fiducialson a PCBfor optimal alignment If
spaceconstraintsdo not allow three, then two fiducials are sufficient, provided they are placed at
diagonallyoppositecornersof the boardto ensureproper scalingandrotation compensation
However the useof three fiducialsis consideredestpractice,aseachone servesa distinctpurpose
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1. FirstFiducial
w Definesthe referencepoint of the PCHN the XandY dimensions
w Allowsthe pickand-placemachineto establisithe 6 2 I NBafbain its workspace
2. Second-iducial
w Definesthe orientationof the PCBand compensatesor skewor rotation in the clamps
w Evenasmallrotation (e.g., 0.10 canaffect accurateplacement,but fiducialsallow the machine
to detectandcorrectsuchdeviations
w Modern machinescanmeasurerotation with precisiondownto 0.01cand adjustall placements
accordingly
3. ThirdFiducial
w Compensatefor PCBstretch,shrinkagepr warpagethat canoccurduringfabricationor reflow.
w Particularly critical for large PCBswhere dimensional variation accumulatesover longer
distances
w In doublesided SMTassembliesatfter the first sideis reflowed, the board may shrink,expand,
bow, or flex; athird fiducialhelpscorrectalignmentfor the secondsideassembly
Thefiguresbelow illustrate:
w Thetypicalmeasuremenandsizespecification®f afiducial
w Thethree typesof fiducialscommonlyusedon a PCB(globalfiducials,localfiducials,and panel
fiducials)

2mm

Fig. 3.1.5: Measurement of a fiducial and three types of fiducials

Part
w Refergo aspecificcomponentdefinedfor placementona PCB
w ltislinkedto the Y I y dzF | (pércaibéidihd representsboth the function and the valueof

the component
w Example A 221 M603resistoranda 101 M603 resistor are treated as different parts, even
thoughthey sharethe samepackagesize

Package
w Describeshe physicahttributes of a part, includingdimensionspin configuration,andfootprint.

w Differentcomponentansharethe samepackageype.
w Examplesnclude0603(chippackage)sSOIEB, TQFR32, QFNandBGA

'
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Placement

w Refergo the specifidocationon the PCBvherea part mustbe mounted
w Definedby XandY coordinategrelativeto the boardorigin,alongwith rotation 6 ‘. 0

w Eachplacementis associatedvith a part assignmensothe machinesoftware knowsexactlywhich

componentgoeswhere.

Components shifted in xly direction

Criteria

Preferred

Acceptable

Half or more of the width of the component is situated on the
solder land. Only acceptable when the conductor is covered
with insulating lacquer,

Rework

Less than haif the width of the component is situated on the
solder land.

Rework

The metallisation must at least be partly positioned on the
solder land.

Fig. 3.1.6: Criteria of component placements
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Job
w A job is a machinereadablefile that containsinstructionsfor processingone or more PCBsn a
productionrun.
w It includesdetails such as board designdata, component placements,feeder assignmentsand
machinesettings
w Ajob maycontainamixture of different boardtypesor multiple instancef the sameboard

Footprint

w Afootprint definesthe layoutof pads,land patterns,andoutlinesof acomponentonthe PCB

w It ensuresthat the component aligns correctly with the solder lands during placement and
soldering

w Footprints are usually created following IPG7351 standardsto maintain compatibility and
manufacturability

KeyParameterdnfluencingPickand PlaceAccuracy

w Component dimensions and tolerances ¢ As specified in the component datasheet, these
determinehow accurateljthe machinecangrip andplacethe part.

w Boarddimensionabkccuracy Variationsn PCBsizeor warpagecanaffect placementprecision

w Placementaccuracyq Thealignmentof the componentleadsor terminalsrelative to the solder
landsonthe PCB

w Solderpastepositiontolerancesg Forreflow soldering,the stencitappliedsolderpastemustalign
preciselywith the padsto ensuregoodsolderjoints.

w Solderingprocessparameters¢ Reflowoven profiles, temperature settings,and conveyorspeeds
mustbe optimizedfor reliablesolderjoints.

w Solderresist(soldermask)positiontolerancesg Thesoldermaskmust be accuratelyregisteredto
preventcoveringpadsor leavingunwantedexposedcopper.

w Solderjoint quality parametersg Factorssuchaswetting, fillet formation, and void percentageare
criticalfor mechanicastrengthandelectricalreliability of the joint.

ﬁ
=< Tt +—5 | ! Occupedaea
U I R
i i 5 Solder paste pattern

c B J Solder resist pattem

Tracks of Dummy frocks
O {for wave soldering only)

s
L.

Fig. 3.1.7: Footprint details
® Footprint design for Array Resistor :

Type 0603°4 0402°4 0402°2
Symbol / Item | WAO6X / WAOET WAD4X WADLY, WAO4P .. [ ] ] !
A 285+0.10-0.05 | 1.80+0.15.005 | 1204005 el O
B 045 £ 0.05 0.30 £ 0.05 0.40 +0/-0.05 '
D 0.80 £ 0.10 0.50 £0.1 0.50 £ 0.05 .. '. '
P 0.80 050 065 - L8
F 3102030 | 2.00+0.40:-0.20 | 1.50 +0.20-0.10 e =

Fig. 3.1.8: Footprint design details for array resistor

Y PR
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® Footprint design for discrete CHIP-R
€ Reflow Soldering
Footprint dimensions in mm Placement
Processing remarks Accuracy
SIZE A B c :] E F G
0200 | 075 | 030 [ 030 | 030 | 020 | 1.10 | 0.50 IR reflow solderng £ 0.05
0402 | 150 | 050 [ 0.50 | 060 | 0.10 | 1.90 | 1.00 £ 0.15
0803 | 210 | 090 [ 060 | 090 | 050 | 235 | 1.45 £0.25
0805 | 260 | 120 [ 070 | 1.30 | 0.75 | 285 | 1.90 £0.25
1206 | 380 | 200 [ 090 | 160 | 160 | 405 | 225 IR or hot plate soldering £0.25
1218 | 380 | 200 | 090 | 480 | 140 | 420 | 550 £0.25
2010 | 560 | 380 | 090 | 280 | 3.40 | 585 | 318 £0.25
2512 | 7.00 | 380 | 160 | 350 | 3.40 | 725 | 385 +0.25
€ Wave Soldering
Foolprint dimensions In mm Proposed number & Dimensions | Placement
SIZE A B c o E ¥ G of dummy tracks Accuracy
0803 | 2.70 | 090 | 0.90 | 0.80 | 0.15 | 3.40 | 1.90 1x (0.15x0.80) £0.25
0805 | 340 | 130 [ 105 | 130 | 020 | 430 | 270 1x (0.20x1.30) +0.25
1206 | 480 | 230 [ 125 | 1.70 | 125 | 590 | 3.20 3x (0.25x1.70) £0.25
1218 | 480 | 230 [ 125 | 480 | 1.30 | 590 | 560 3x (0.25%4.80) +0.25
2010 | 630 | 350 | 140 | 250 | 3.00 | 700 | 360 3x (0.75:2.50) £0.25
2512 | 850 | 450 | 2.00 | 320 | 3.00 | 900 | 430 3x (1.00:3.20) +0.25
Fig. 3.1.9: Footprint design details for discrete GIP
B Footprint design for discrete MLCC :
€ Reflow Soldering
Footprint dimensions in mm Placement
Processing remarks
sz | A [ 8| c |0 | e | F | @ Accuracy
0402 150 | 050 | 0SS0 | 050 | D0.10 1.75 | 085 +0.15
0508 | 250 | 050 | 1.00 | 200 | 0.15 | 290 | 2.40 +0.20
0803 | 230 | 070 | 080 | 080 | 020 | 255 | 1.40 +0.25
0612 | 280 | 080 | 100 | 320 | 020 | 308 | 385 £0.25
0805 | 280 | 100 | 0.90 | 1.30 | 0.40 | 308 | 185 o ot st £0.25
1206 | 400 | 220 [ 090 | 160 | 160 | 425 | 225 - ’ +0.25
1210 | 400 | 220 | 090 | 250 | 1.60 | 425 | 3.15 +0.25
1808 | 540 | 330 | 105 | 230 | 270 | 580 | 280 £0.25
1812 | 530 | 350 | 0.90 [ 380 | 3.00 | 555 | 408 £0.25
650 | 470 | 090 | 560 | 420 | 675 | 585 +0.25
¢ Wave Soldering
Footprint dimensions in mm Proposed number & Dimensions | Placement
sze | A |8 |c|o|e|lFf]|e of dummy backs Accwscy
0603 | 240 | 100 | 070 | 080 | 020 | 310 | 1.90 1x (0.20x0.80) £0.10
0805 | 320 | 140 | 090 | 130 | 0.36 | 410 | 250 1x (0.30x1.30) £0.15
1206 | 480 | 230 [ 125 | 170 | 125 | 590 | 3.20 3x (0.25x1.70) +0.25
1210 | 530 | 230 | 150 | 260 | 125 | 630 | 420 3x (0.25x2.60) £0.25
Fig. 3.1.10: Footprint design details for discrete MLCC
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Reticle

A reticle is a visual overlayt suchas a crosshair,grid, or other geometric shapa displayedin the

camerawindow of a pick-and-placeor inspectionsystem It assist®peratorsand machinesn:
wldentifyingthe centerof animageor componentfor alignment
wMeasuringdistancesusingon-screenrulers
wDisplayingarbitrary shapesor outlinesthat correspondo componentpackage®r fiducials
wEnsuringaccuratecalibrationof the visionsystemby providinga fixed referencepoint.

Reticlescan be scaledto represent actual physicaldimensions,making them a valuable tool for

verifyingplacementaccuracypackageorientation,andfiducialrecognitionduringsetupandoperation

Fig. 3.1.11: Reticle

Driver
w Adriveristhe part of the machinesoftwarethat convertsoperator inputs from the Graphicalser
Interface(GUI)into commandshat the pick-and-placemachinecanunderstand
w It acts as a translator, ensuring that hightlevel user instructions are converted into low-level
machinecode(often geometriccodeor G-code)that controlsthe hardware
G-code
w G-codeis a standardizedorogramminglanguageusedto control computerizedmachinetools such
asCNQGzquipment,3D printers,andin somecasegick-and-placesystems
w G-code provides precise instructions to the machine controllert the industrial computer that
governamotors,actuators,andvisionsystems

Theseinstructionsdefine:
w Movementpaths(X,Y,Zaxesrotation)
w Speedsandfeeds(howfasta motor shouldmove)
w Procesparametergpickheight, placepressurenozzlecontrol, etc.)
w In essence,Gcode tells the machine not just where to move, but also how to execute the
movementfor reliableandrepeatableresults
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Lettersin G-codeand TheirMeanings
w Ac Rotationaroundthe X-axis(rotary axis)
B¢ Rotationaroundthe Y-axis(rotary axis)
Cc¢ Rotationaroundthe Zaxis(rotary axis)
D¢ Toolradiuscompensatiomumber/ cutter offset
E¢ Extrusioriength (commonlyusedin 3D printing)
F¢ Feedrate (movementspeed)
G¢ Preparatoryfunction (definesmotion or cycle,e.g., G00 =rapid move,G01 =linearmove)
H ¢ Toollengthoffsetnumber
| ¢ Incrementaldistancefor arcsin the Xdirection(arccenter X offset)
J¢ Incrementaldistancefor arcsin the Ydirection(arccenterY offset)
K¢ Incrementaldistancefor arcsin the Zdirection(arccenterZoffset)
L ¢ Loopcountor numberof repetitions(variesby controller)
M ¢ Miscellaneougunction (machinecommandse.g., spindleon/off, programstop)
N ¢ Line(block)numberin the program
O ¢ Programnumberor subroutinelabel
P ¢ Dwelltime (pause) or parameterfor functionslike subprograncall
Q¢ Pecldrilling depth (or incrementalvaluefor cycles)
R¢ Arcradiusor return pointin cycles
S¢ Spindlespeed(RPM)
T ¢ Toolnumber(for tool change)
U ¢ Incrementaimovementalongthe X-axis(usedin turning/lathe operations)
V ¢ Incrementalmovementalongthe Y-axis(lesscommon)
W ¢ Incrementaimovementalongthe Z-axis(usedin turning/lathe operations)
X¢ Absoluteor incrementalmovementalongthe X-axis
Y ¢ Absoluteor incrementalmovementalongthe Y-axis
Z¢ Absoluteor incrementalmovementalongthe Z-axis

gegegegeeegeeceeeeeceeeegeegcegeeeeecece

Forpick-and-placesystemsthe mostfrequentlyusedare X,Y,Z,A, B, C(movementaxes) F (speed),G
(motioncommands)M (misc functions),and T (tool/nozzleselection)

Alphanumericcodesare usedfor programmingasthey are a simplewayto do the following

Fig. 3.1.12: Use of alphanumeric code in programming

Y PR
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Thefollowing figure showsan exampleof G-code

Fig. 3.1.13: An example ofdede

The functions of G-codes and M-codes are not universaj they vary between different machine
manufacturers Todeterminewhat a specificM-code or G-code meansand what actionit will perform,
youmustconsultthe instructionmanualfor that particularmachine

Typesof MachineMotions
All machinemovementsin CNCand pick-and-place systemsare basedon three fundamentaltypes of
motion:
1. RapidMove (00)
wA linearmoveto aspecifiedX,Y,or Zpositionat the maximummachinespeed
wUsedfor positioningthe tool/nozzle quickly without engagingin cutting, placing,or dispensing
operations
2. FeedMove (X01)
wA controlledlinearmoveto a specifiedpositionat a definedfeedrate (F)
wUsed when accuracyand precision are required, such as during component placement or
machining
3. CircularMove (Q02/G03)
wA controlledmovealonga circularpath at a definedfeedrate.
w@02: Clockwisearc.
w@03: Counterclockwisarc.
wAdditionalparameterssuchasl, J,and Rspecifyarc centersandradii.

KeyProgrammingelementsin G-code

wX,Y,Z¢ Cartesiarcoordinateghat define horizontal,vertical,and depth positions

wG (Preparatorycommands); Definethe type of motion or machiningcycle(e.g., GO0 rapid move,
(01 feedmove,02/G03 circularmoves)

wF(Feedrate) ¢ Definesthe movementspeedduringfeedor circularmoves

wS(Spindlespeed) Definesthe spindleor rotational speed(in RPM)

wT (Toolselection); Specifieghe tool or nozzleto be used

wl, J,K,R¢ Definearc centersor radii for circularmoves(l = X offset, J=Y offset, K= Z offset, R=
radius)

N R
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M-code (Miscellaneoud-unctions)
M-codescontrolall non-movementmachinefunctions,suchas

wStartingor stoppingthe spindle

wTurningon/off coolantor vacuum

wPerformingatool change

wProgramstart, pause,or endcommands
Together, G-codes (motion control) and M-codes (auxiliary functions) form the complete set of
instructionsthat tell the machinewhatto do andhowto doit.
M-Coderelatesto functionsother than positioningsuchasspeedandtool change Thefollowing figure
listssome

Fig. 3.1.14: Some ¥bde instructions

Bottom Vision

Bottom visionrefersto both an upwardsfacing cameraand the processof usingcomputer visionto
automaticallyinspectparts before placingthem. Thisinspectionallowsthe SMTmachineto placethe
part with greateraccuracythan what would be achievedoy goingfrom feederto placementdirectly.

Thefollowingimageshowsthe bottom visionof a pickandplacemachine

Fig. 3.1.15: Bottom vision of a pick and place machine
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TopVision
Top vision refers to the camera,facing downwards,which is mounted on the head It is used for
identifyingthe fiducialsandfor enablingcomputervisionon the visionassistedeeders

Head
The head of the machinecarriesnozzlesand often a top visioncamera It can movein both Xand Y

direction.

Thefollowingimageshowsthe headof amachine

Fig. 3.1.15: Head of a machine

CHIP MELF QFP GRIPPER
NOZZLE NOZZLE NOZZLE NOZZLE

Fig. 3.1.16: Different types of nozzles

NozzleTip:

Anozzletip is mounted on a nozzle Multiple nozzletips canbe assignedo a nozzle Generallythe tips
are determinedby the sizeof the part they are requiredto pick up. Many SMTmachinescanchange
nozzletips automaticallyin orderto pickup different parts.
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— Notes
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UNIT 3.2Pick and Place Operations

— Unit Objectives|©@

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

1. Identifythe majorpartsof a pick-and-placemachine
2. Demonstratethe correctprocedurefor startingup a pick-and-placemachine
3. Demonstratethe correctprocedurefor shuttingdown a pick-and-placemachine

—3.2.1 Specifications of Pick and Place Machire

A pickandplace machineis defined by severalkey specificationsthat determine its performance,
capacity andsuitabilityfor different productionenvironments Themajor specificationsnclude
1. PartTypes
w Refersto the rangeof componentsthe machinecanhandle,from smallchip resistors/capacitors
(e.g., 01005 020)) to largelCpackagesuchasQFPBGA or connectors
w Highend machinescan place ultra-fine pitch and odd-shaped components,while entry-level
machinesare limited to standardchipsizes
2. PCB.oadingTime
w Thetime takenby the machineto load, align,and securea PCBoefore beginningplacement
w Shorterloadingtimescontributeto higherthroughputandoverallproductivity.
3. PlacemeniAccuracy
w Defineshow preciselyacomponentis positionedrelativeto its target solderpads
w Typicallymeasuredn micrometers(um),e.g., p30umat 3" .
w Criticalfor fine-pitch componentssuchasBGAsand QFNs
4. Productivity(Throughputin Component$erHour¢ CPH)
w Indicatesthe maximum number of componentsa machine can place per hour under ideal
conditions
w Actualproductivity may be lower dependingon feeder setup, board complexity,and placement
mix.
w Modern high-speed chip shooters can exceed 100000 CPH,while generaipurpose machines
rangebetween10,000¢50,000 CPH
5. NozzleQuantity
w Refergo the numberof placementozzlesavailableon the machinehead
w More nozzlesenable simultaneoushandling of multiple components,improving speed and
efficiency
w Machinesmayfeature singlehead,multi-head,or turret-styledesignswith varyingnozzlecounts

o
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—3.2.2 SMT Pick and Place Machine

Thefollowingfiguresshowthe partsof a pickand placemachine

Operation panel #2

:
5 ‘“ Qut conveyor g © }
37

In conveyor

‘m
Control box 2 !

Control box 1 Device table 1 Device table 2
Noise reduction box
Fig.3.2.2 (a)Partsof a pickandplacemachine Fig.3.2.2(b): Partsof a pickandplacemachine
_~—Inching Keys
7
1] []
[HF=l2
1] [3
[O]4
7Talol /—Eumerical
4|5[6# "
1]2]3|G
/—Funcﬁon Keys :EO -
daaaaeae
Emergency
Stop

poweR| [Power CYCLE ©
I |

Fig. 3.2.3: Control keys of a pick and place machine

FunctionKeys

The function keys(FL to F6) are pressedto selectcommands Eachfunction key correspondgo a
commandin the function key menu sectionof the MACHINElisplay To executea command,the
correspondindunctionkeyis pressed

InchingKeys
Theinchingkeysare usedto selectthe inchingaxesandto carryout inchingalongthe selectedaxes

Arrow Keys

Thearrow keysare usedto performthe inchingoperation Somearrow keysare invalidwhencertain
inchingaxesare selected
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FunctionKeys

Thefunction keys(FL to F6) are pressedto selectcommands Eachfunction key correspondgo a
commandin the function key menu sectionof the Machinedisplay To executea command,the
correspondindunctionkeyis pressed

InchingKeys
The inchingkeysare usedto selectthe inchingaxesand to carry out inchingalongthe selected
axes

Arrow Keys
The arrow keysare usedto perform the inching operation Somearrow keysare invalid when
certaininchingaxesare selected

InchingAxisSelectionKeys([1] to [4])
Thesekeysare usedto selectanaxisfor inching

RapidinchingKey([F])

Thiskey and an inching key are pressedsimultaneouslyto inch the axisrapidly. Inchingcan be
carriedout at anytime exceptduringmachineoperationor ProperdatameasurementHowever,it

is not possibleto inchall of the axesat the sametime. Onlythoseaxeswhichare currently selected
by the inchingaxisselectionkeyscanbeinched

Numericallnput Keys
Thesekeysare usedto input numericalvalues Thefollowingfigure showsthe numericinput keys

(a)

oo
O| % |3

O =i

w

g
6
3
i
|

(b) (c)

Fig. 3.2.4: Numeric input keys

Thekeysin the aboveimageare asfollows:

A Input keys(0 - 9, *, #, D, ¢): The numericalkeysare usedto input numericalvaluessuchas
camerathresholdlevelsor I.D. codes

A Backspacéey (BS) Wheninputting numericalvalues this key is usedto delete previouslyinput
values Presghis keyonceto movethe cursorbackwardgy a singlespace

A Carriagereturn key (CR) Thiskeyis usedto completethe entry of a numericalvalue It mayalso
be pressedo takethe machineout of numericalinput mode.
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Buttons
Themachineisequippedwith severalpushbuttonswitches Thebuttonsare asfollows:
1. FrontPanel

Thefollowingfigure showsthe buttonson the front panelof a pickandplacemachine:

[ ]
[ ]

gooooo
o e T e e | @
a b C d e
POWER [ [POWER CYCLE |
OFF ON START || %Top || RESET

Fig.3.2.5: Button®nthe front panelof a pickand placemachine

Thedescriptionof the buttons is agollows:
1.

[POWERDFFbutton: Thisbutton, when pressedafter the [EMERGENGTOPbutton is
pressedturnsoff the power. Pressinghis button alonedoesnot turn off the power.

[POWERDN]button: Thisbutton turnsonthe machine Whenthe machinecircuitbreaker
isturned on, this button ispressedo turn onthe Y I O K JpoWerSuipply

[STARTbutton: Thisbutton startsthe machineoperation It is pressedo start automatic
operation and zero setting when the messageW { ({| 2Naiginsto blink in the second
displayarea

[CYCLESTOPDutton: Thisbutton is for stop operation It is pressedduring automatic
operationto cancelhe automaticoperationmodeat the endof the currentsequenceand
to return the machineto the [STARThutton wait mode.

[RESETutton: Thisbutton is usedto resetanalarmwhichhasoccurred Whenanalarm
occurs,an error messagess displayedand this button beginsto flash It needsto be
pressedo clearthe alarm

[EMERGENCYTOPDutton: Thisbutton is usedto stop the machineinstantly. Whenit is
pressedthe Y I O K A200S/@dwer supplyis turned off. In addition, the button locks
downwhenit is pressed It needsto beturned in the clockwisedirection of the arrow to
getreleased
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2. Rear OperatiorPanel

Thefollowingfigure showsthe buttonsonthe front panel:

CQPERATICHN

FROMT ™~ REAR
N8R | sTagT QrelE | | ReSET

(9) () (d) (e} (f)

Fig.3.2.6:Buttonsonthe rearpanel

Thedescriptionof the buttons is agollows:

1. [POWEROFF]button: Thisbutton, when pressedafter the [EMERGENCSTOPbutton is
pressedturnsthe power off.

2. [POWERDN]button: Thisbutton turnsonthe machine Whenthe machinecircuitbreaker
isturned on, this button ispressedo turn onthe Y I O K YpoivBr&upply.

3. [STARTbutton: Thisbutton startsthe machineoperation It is pressedo start automatic
operation and zero setting when the messagex { {{l 2Nfieginsto blink in the second
displayarea

4. [CYCLBTOPDutton: Thisbutton is usedto stop operation It is pressedduringautomatic
operationto cancelhe automaticoperationmodeat the endof the currentsequenceand
to return the machineto the [STARTHutton wait mode.

5. [RESETbhutton: Thisbutton is usedto reset alarms When an alarm occurs,an error
messagés displayedand this button beginsto flash It needsto be pressedto clearthe
alarm

6. [EMERGENCYTOPDutton: Thisbutton is usedto stop the machineinstantly. Whenit is
pressedthe Y I O K A2¢08/@ciwver supplyis turned off. In addition, the button locks
downwhenit is pressed It needsto be turned in the clockwisedirection of the arrow to
getreleased

7. Operation panel selection switch: Thisselectorswitchis usedto switch from the front
operationpanelto the rearoperationpanel Whenthis switchis setto a certainpanel,the
other panelcannotbe used

It is to be notedhat the [EMERGENCY ST&#][CYCLE STOP] buttamdboth panels
are alwaysoperational.

8. Inchingkeys It is possibleto inchthe X,D1, D2, CandFaxes Theaxesthat canbe inched
dependon the inchingaxisselectionkeysmentionedin the previoussection
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— 3.2.30peratingthe PickandPlaceMachine

Operatingthe SMTpick and place machineincludesits start-up, resetstart and | / O check
startprocedures

NormalOperation

Thefollowingprocedureisusedto startthe machine

1. Boot up the MCS 30 Supervisor Computer This computer compiles production
informationtransmittedfrom the machinein Off Linemode.

2. Setthe Circuit Breaker The machinemain circuit breakermust be set to ON position
beforethe machinecanbeturnedon.

3. Turnonthe Power. Presgshe [POWERN]button onthe machineoperationpanelto turn
the machineon. The following image showsthe displaythat appearsafter pressingthe

[POWERN]button:
| v1.10][ OFf line |
| Prod 00000 Sche 00000 |
ST1.N***x® [QErx [phtsk STATUS Machine Not Zero-Set
5.2, N¥edededw: | Jedes |k P Mode Product
ST3, Nx&*% [xdkk [passk Recovery 3 times
STA  N** %% [J**% Fprxsx T Mode Joint Press START
SThy Nk TTxxk ]
STE . N**x**x Qrxs 1]
STT . Nkt Pk 0
IA0D53CO53C00 jog X Y C |Page 000
opoanooso000 -
AUTO STEP LOADER PROGRAM SET ®

Fig.3.2.7:Displaythat appearsafter pressinghe [POWERN]button

4. TransmitStatusDatato the Machine Statusdata is retainedin the Y I O K AmérSafya
evenafterthe Y I O K Jpgwdridturned off. Thus onceStatusdatahasbeentransmitted
to the machine this stepneednot be repeated However,it will be necessaryo transmit
the Statusdatato the machineafter performingthe resetstart procedure TheStatusdata
canbe modified either directly at the machineor indirectly usingan MCS30 computer.
Whenthe Statusdata is modified usingan MCS30 computer, it must be transmitted to
the machinebefore operation

5. TransmitProperDatato the Machine Properdatais retainedin the Y I O K AmérSofya
evenafter the Y I O K Apg@r@sdurned off. Thus,onceit hasbeentransmitted to the
machine,this step need not be repeated However,it will be necessanto transmit the
Properdatato the machineafter performingthe resetstart procedure WhenProperdata
is modified at the MCS30 computer,it mustthen be transmitted to the machinebefore
operation It isalsopossibleto changea part of the Properdataat the machine Oncethe
changeis madeat the machine,if this data is transmitted to the MCS30, then it will be
savedon the MCS30 compulter.
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6. TransmitProgramso the Machine Programsareretainedinthe Y I O K AmgrSofyéven
after the Y I O K Apgin@risdurned off. Thus,once a program has been transmitted to
the machine,this step need not be repeated However,it will be necessaryto transmit
programsto the machineafter performingthe resetstart procedure New programsare
createdusinganMCS30 computer, thesemustbe transmittedto the machinebeforethey
canbe usedin production

7. Release¢he [EMERGENCYTOPButton: While the Machine[EMERGENCTOP$witch
ispressedthe 200V powerline will be cut. If this switchis pressedreleaseit.

8. Selectthe Production Program Using either MCS/ 2H or the Machine [PROGRAM]
commandfunction, selectthe productionprogram

9. Selectthe Quantity of the Production Run Pressthe [PROGRAMIQTYSETdommand
function keysand set the number of boardsto be produced A setting of zerowill make
the machinerun indefinitely.

Note: Schedulegroductionquantity canbe setin the program Enterthe production
quantity intothe Production_qty. field (ithe Production_mode sectioaf MCS/2Hpand
transmitto the MACHINBNhen theproductionrun is complete,the machinewill stop
automaticallyandthe operatorwill be informed.

10. Setthe OperationMode: In either [AUTOr [STEPpressthe [MODE]Jcommandfunction
keyto changethe operationmode Theoperationmode changesamongthe three choices
eachtimethe [MODEKkeyispressedThefollowingfigureliststhe three operationmodes

ProductMode SimulateMode Idle Mode

Machinecarriesout This modeas not Machine carriesout all
normalproduction of currently supported. functionsexcept
boards. visionprocessin@nd

fiducialmarkreading.

Boardfeedisnot
carriedout.

Fig.3.2.8:Threeoperationmodes
Theoperationmoded t NP K dnidinaticallyselectedvhenthe poweristurnedon.
ResetStart

Themachinememorycontentshaveto be clearedwheneverthe Y I O K AngrBofyéardand
ROMchipsare replacedto upgradethe software It mayalsobe necessaryo clearthe memory
of erroneousdatashouldthe machinebeginto operateabnormally

All Statusdata, Properdata and production programsare deleted from the memory of the
machine when the resetstart operation is carried out. Therefore, this data has to be
transmittedfrom the MCS30to the machineagain It isimportant to restartthe machineafter
transmittingthe Properdatafrom the computer.
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Thefollowingprocedureexplainshow to resetstartthe machine:

1. Boot up the MCS30 computer: Thiscomputer compilesproduction information
transmittedfrom the MACHINEn Off Linemode.

2. Setthe circuit breaker: TheY | O K AmAiSdiXcuit breakermust be setto ON position
beforethe MACHINE can karned on.

3. Turnon the power: While pressinghe [RESETutton, the [POWERDN]button is pressed
When & a S Y Bakkupb D s displayedon the screen,the [RESEThutton may be
released

4. Releasethe [EMERGENCSTOP]button: If the [EMERGENCSTOPDutton has been
pressedthe 200V power will not comeon whenthe operator presse§POWEFRDN] It is
importantto releasethe [EMERGENGYT OPputton if it hasbeenpressed

Transmitthe Statusdata: Transmithe correctStatusdatafrom the MCS30 computer.

Transmitthe Properdata: Transmitthe Properdata from the MCS30 computerto the
machine It is to be noted that the Properdata can be sent either before or after zero
setting is done provided that it is transmitted before any commandfunction keysare
pressed Valid Proper data must be transmitted to the machine If invalid data is
transmitted, the program checkwill not function normally and errors will occur during
programtransmission

Transmitthe program Transmithe programfrom the MCS30 computerto the machine

8. Cutthe power and then restart the machine Eventhoughthe power hasbeencut, the
Statusdata, the Proper data and the programwill remain in the machine After this,
continuewith normaloperation

I/O CheckStart

Toenterthe |/ O checkmode,the [F1] function keyis pressedand held down while pressing
the [POWERDN]button. Thisbringsthe machinedirectlyinto the I/ O checkmode It isto be

noted that when I/O checkstart is usedto start the machine the 200V power doesnot come
on. Whenthe operator completesthe 1/0 checkand presseghe [RETURNLNction key, the

200V powerwill comeon andthe machinewill be readyfor zerosetting

— 3.2.4 TraceListPrintout

If aproblemoccurson the machine havingdatafrom the machinethat explainghe conditions
underwhichthe problemoccurredcanhelp Fujito find and eliminatethe cause Atracelistis
the raw datathat canbe obtainedfrom the machinefor this purpose

Theprocedureto print out atracelistisasfollows

1. Stopthe machinepromptly after the trouble hasoccurred Do not pressthe functionkeys
or continue operatingthe machineasthis may prevent the sourceof the problem from
appearingn the printedtracelist.

2. With the machine'spower turned off, attachthe printer cablefrom the MCSprinter to
the lowestof the three connectorgmarkedQ t I NJ-hf ba$he machineCPWoard
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3. Press[CYCLETOPDutton along with [POWERON] button. Releasethe [CYCLETORP]
button after the printer startsprinting. After the printer hasfinishedprinting, the machine
canbe operatedasnormal

— 3.2.5ShuttingDownthe Pickand PlaceMachine

Whenshuttingdownthe power,the followingprocedureshouldbe used

1. Turnoff the 200V power. Pressthe [EMERGENGCTOPbutton. When shutting down in
the courseof production,first pressthe [CYCLETOPbutton to halt automaticoperation
beforepressinghe [EMERGENGTOPhutton.

2. Turnoff the main power. Pressthe [POWERDFF]Joutton on the operation panelto turn
the powersupplyoff.

3. Turnthe circuit breakeroff. Turnoff the power at the main circuit breakerif the machine
isto beleft idle for alongerdurationor if work isto be carriedout on the servoboxor the
controlbox.

It must be noted that if the power is cut while parts are being picked,the parts will drop off
the nozzlesand, during the next production run, vision processingwill not work properly.
Therefore,before shutting down the machine,pressthe [DUMPPARTS¢ommandfunction
key. Theremainingpartswill be placedbeforethe boardis unloaded
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UNIT 3.3Loading of Components

— Unit Objectives|©@

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

1. Listthe different typesof feeders

2. Demonstratethe stepsto usetapefeeders

3. ldentifythe useof traysto load chipcomponents

4. Identifythe useof chipshooterandfine-pitch placer

—3.3.1 Loading of Chip Component Rolls

Feeder
A feeder is a hardware attachmentusedto supply electroniccomponentsto an SMT pick-and-place
machine Feedersensurea continuousandaccurateflow of partsfor placement
SMTmachineggenerallysupportmultiple feederformatssuchas

w Cuttapestrips

w Fullreels(tapefeeders)

w Componentrays(JEDE@ays)

w Tubeg(stickfeeders)

w Dragstylefeeders

w Binsoflooseparts

ratchet wheel

mounting
clamp

Fig. 3.3.1: Drag feeder and different parts of a drag feeder
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1 TapeFeeders:

Atapefeederis usedby performingthe followingtwo steps

0 Checkingthe feed pitch and action: Pressthe manualfeed leverto checkthat the
tapeisfed at a proper pitch. Thefollowing figure showsthe manualfeed leverof a
machine

Manual feed lever

Fig.3.3.2:Manualfeedleverof amachine

0 Settingthe tape: Whenfitting a new roll of tape to atape feeder,the tape needsto
be set Theprocedureof usingatape feederis asfollows.

A. Peeloff the top tape:
Atape consistsof two layers "carrier tape" that containselectroniccomponents
in the pocketsand "top tape" that coversthe upper side of componentson the
carriertape. Peeloff the top tapeto separatethesetwo layers

B. Liftthe clampingleverlockhandle
Lift the clampingeverlockhandleto lift the tape guide

C. Liftthe tape guide

Lift the tape guide while pressingthe lock lever. After the tape guideis lifted,
return the lockleverto the originalpositionand hold the tape guidein the raised
position Thefollowingimageshowsatechnicianlifting atape guide

Fig.3.3.3:Atechnician liftinga tape guide
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D. Setthe tapein the tape feeder:

Setthe separatedlayersof the tape on the tape feederthrough the tape paths
Thefollowingfigure showstape feedersof different measurements

12mmto 16mm tapefeeder

Fig 3.3.4: Tapefeederf differentmeasurements

Inthe abovefigure, A~ Erepresentsthe top tape anda ~ c representsthe carrier
tape. Toturn the top tape, pressthe idle roller assemblylever andinsertthe top
tape betweenthe driveroller assemblyandthe idle roller assembly Thefollowing
figureshowsatop tape andthe notchof atapefeeder.

Top tape

Fig 3.3.5: Toptapeandnotchof a tapefeeder
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Thefollowingfigure shows driverollerassemblyandanidle roller assembly:

Fig.3.3.6:Driverollerassemblyandidle rollerassembly
E. Setthe tape guide.

After the tape isset, presshe locklever to lowerthe tapeguide.The following
figure showssettingthe tape guide:

Fig.3.3.7:Settingthe tapeguide

— 3.3.2Loadingof ChipComponentTrays

Trayfeedersare usedto load the chip components A tray feederis a "virtual" feederwhich
picksthe required parts from a uniform array of parts. Thefollowing imageshowsa uniform
arrayof parts

Fig.3.3.8:Uniformarrayof parts
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— 3.3.3ChipShooterand FinePitchPlacer

A chip shooter machinagn a PCBassemblyhasthree movablemechanismsThe following
figureliststhe movablemechanisms:

Fig.3.3.9:Movablemechanismsf chipshooter

To get the minimal assemblytime, all the componentsshould be placedon the board in a
perfect sequence The componentsshould be placedon a right feeder or feedersas two
feederscanhold the componentsof sametype. Additionally,the assemblyheadmust pickup
acomponentfrom the correctfeeder. Thefollowingfigure showsa chipshooterassembly

—;

(¥
I Soave

Fig.3.3.10:Chipshooterassembly

FinePitchPlacer

Itis usedvhenSMT componentwith aleadpitch of 25 milsor lessareto be placed.




Participant Handbook

— Exercise

N

ShortQuestions
1. Explairthe differencebetweenglobalfiducialsandlocalfiducialsonaPCB

2. Definethe role of "bottom vision"in a pick-and-placemachine

3. Whatarethe keyspecificationsisedto measurethe performanceof a pick-and-placemachine?
4. Describehe step-by-stepprocedurefor loadingatape feeder.

5. Howdoesfeederplacementoptimizationhelpin reducingassemblytime in PCBproduction?

Fillin the Blanks

1. The systemin pick-andplace machinesensuresprecise alignment of both PCBsand
components

2. TheX,Y,andZaxesin a pick-and-placesystemcontrol movementin \ and
directions respectively

3. Themostwidelyusedfeedersin SMTassemblhare feeders

4. A is a visual overlay in the camerawindow, often in the shapeof crosshairsto aid
alignment

5. Theuse of fiducialsis recommendedfor optimal PCBalignmentduring pick-and-place
operations

Multiple ChoiceQuestions(MCQs)

1. Whichof the followingis the mainfunction of fiducialmarksona PCB?
a) Toholdthe PCBn place
b) Toalignthe PCRluring pick-and-placeoperations
¢) Toconnectcomponentselectrically
d) Toreducesolderingtime

2. Inapickandplacemachine the nozzleheadfunctionsto:
a)Movethe PCB
b) Holdand placecomponentsusingvacuumpressure
c) Controlfeederalignment
d) Inspectsolderjoints

3. WhichG-codecommandrepresentsarapid move?
a)01
b) G02
¢) Q00
d) M06

&



Telecom Surface Mount Technology (SMT) Technici

4. Thecomponent'footprint" on a PCBlefines
a) Solderjoint quality parameters
b) Layoutof pads,land patterns,andoutlinesfor acomponent
c¢) Alignmentof fiducials
d) Componentotation angleonly

5. Achipshooteris mainlyusedfor:
a) Placindine-pitch ICs
b) Highspeedplacementof standardchipcomponents
¢) Manualsolderingof components
d) PerformingAOlinspections
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— Notes
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- KeyLearningOutcomes| ¥

Bythe end of this module, the participantswill be ableto:
Listthe factorsthat determinean effectivereflow solderingprocess

Identify the factorsthat influencethe reflow profile.

Definethe conceptof footprint design

Listthe different typesof reflow solderingovens

Describethe stagesof the reflow solderingprocess

Identify the alarmmessagegeneratedduringreflow soldering
Analysehe significancef the b iconservatiormode.

© N o g M NP

Identify commondefectsoccurringin the reflow solderingprocess
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UNIT 4.1Reflow Soldering

— Unit Objectives|@

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

1. Listthe keyfactorsof an effectivereflow solderingprocess
2. lIdentifythe factorsthat affectthe reflow profile.

3. Definefootprint designin the contextof PCBassembly

4. Listthe different typesof reflow solderingovens

—4.1.1 Reflow Soldering Process

Reflowsolderingis the most commonmethod for creatingpermanentelectricalconnectionsbetween
surfacemount componentsand a PCBTheprocessnvolvestemporarily attachingcomponentsto their
padswith solderpaste,a stickysubstancemadeof solderandflux. Theentire assemblyis then exposed
to a controlled heating profile, which melts the solder pasteto form a secureand permanentsolder
joint.
The entire processis performed inside a specializedmachine called a reflow oven, which precisely
controlsthe temperatureto ensurea successfusolderingprocesswithout damaginghe components
KeyAspectdor an EffectiveReflowSolderingProcess
Achievinga high-quality reflow solderingprocessdependson controllingseverakeyaspectsEachfactor
contributesto creatingstrong,reliablesolderjoints and preventingdefects
1. SuitableMachine
Thereflow ovenis the heart of the process An effective machinemust have preciseand repeatable
temperature control acrossits heatingzones It shouldbe able to accuratelyfollow the programmed
reflow profile, whichdictatesthe temperaturechangevertime.
2. AcceptableReflowProfile
Thereflow profile is a time-temperature graphthat guidesthe entire solderingprocess It consistsof
four mainstages

w Preheat ThePCBandcomponentsare graduallyheatedto preventthermalshock

w Soak The assemblyis held at a consistenttemperature to activate the flux and evaporate

volatilesolventsfrom the solderpaste
w Reflow Thetemperature risesabovethe solder paste'smelting point, allowingthe solderto
liquefy,wet the pads,andform the joint.

w Cooling Thesoldersolidifies,creatinga permanentconnection
A correctly designedprofile is essentialfor preventing defects like solder balls, tombstoning, and
componentdamage

&
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Fig.4.1.1:Areflow solderingoven

1. PCBand ComponentFootprint Design

Thephysicaldesignof the PCBradsand componentfootprints directly impactssolderjoint quality. Pads
must be correctly sizedand spacedto ensurethe solderpastecanform a proper joint without causing
shorts Nonsymmetricalpadscanleadto defectslike tombstoning,where a componentstandsup on
oneend.

2. CarefullyPrinted PCB

Thequality of the solder paste print is critical, asit determinesthe amount and position of solderon
each pad Thisrequires a well-designedstencil and a precisely calibrated screenprinting machine
Defectssuchasinsufficientpaste,bridging,or slumpingat this stagewill likelyresultin solderingfailures
3. RepeatablePlacement

Accurateand consistentplacementof surfacemount componentsby the pickand placemachineis vital.
Componentsmust be placed preciselyon the solder paste deposits Misalignmentcan lead to poor
electricalconnectionor shortsduringthe reflow stage

4. GoodQuality Materials

The quality of the materialsused the PCBcomponents,and solder paster is fundamental A high-
quality PCBwith a cleansurfaceand proper finish ensuresgoodsolderability Componentsnust be free
of damageor oxidation Finally,usingfresh, properly stored solderpastewith the correctcompositionis
essentiafor a successfuleflow process

—4.1.2 Suitable Machine

Varioustypes of reflow solderingmachinesare PRODUCT FLOW INTO OVEN
available,with selectiondependingon the PCB
design, materials, and required production line L
speed The oven must be appropriatelysizedto I..“I l.l“ Snmmmme
handlethe output of the pickand placemachine

LOADING FACTOR = L+5S

Fig.4.1.2:Calculatiorof load factor
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CalculatingReflowOvenSize
Toselecta reflow ovenof the correctsize,the oven'sprocessspeedmustbe greaterthan the minimum
requiredline speed
1. CalculateMinimum LineSpeed
The minimum line speedis the rate at which boards must move through the ovento keep up with
production
LineSpeedminimum)=LoadrFactorBoardper MinuteFBoardLength
w Boardser Minute: Theproductionrate of the pickandplaceequipment
w BoardLength Thelengthof asinglePCB
w LoadFactor Avalue,typicallyprovidedby the manufacturerthat accountsfor the necessangpace
betweenboardson the conveyorfor procesgepeatability

2. CalculateRequiredOvenHeatedLength
Theprocessspeedof an ovenis a function of its heatedlength and the total time the board needsto
spendinside (processdwell time). By rearrangingthis relationship,we can determine the minimum
heatedlengthrequired
ProcesSpeed=Proce$3well TimeOverHeatedLength
Therefore
OvenHeatedLength=ProcesSpeed®ProcesOwell Time
ExampleCalculation
An SMT assemblerneedsto produce 8-inch boards at a rate of 180 per hour. The solder paste
manufacturerecommendsa 4-minute profile.
w Boardsper Minute: 180boards/houp60 min/hour=3 boards/min
w BoardLength 8inches
w LoadFactor 0.8 (assuming 2-inchspacebetweenboards,asanexample)
w ProcesPwellTime 4 minutes
First, calculatethe required minimum line speed
LineSpeed$.8(3 boards/minA8 inches/board)30inches/minute
Next, determine the required ovenheatedlength:
OvenHeatedLength=30inches/mir4 minutes20inches
Therefore,the reflow oven must have a minimum heated length of 120 inches(10 feet) to meet the
productionrequirements It's important to note that the total length of the oven, includingthe cooling
andloadingsectionswill be greaterthan the heatedlength

CommonReflowOvenOptions
Theselectionof areflow ovenandits featuresis heavilyinfluencedby the PCBassembly'slesign
w ConveyofType
w MeshConveyorA flat meshbelt suitablefor singlesidedboards
w EdgeConveyor A systemthat holds the PCBby its edges Thisis typically preferred for in-line
production and for processingdouble-sided assemblieswithout disturbing componentson the
bottom side A centerboardsupportis often usedwith edgeconveyorgo preventthe boardfrom
saggingluringthe hightemperaturereflow process
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w ClosedLoopControlof ConvectionFans Convectiorfanscirculateheatedair within the oven For
assembliesvith lightweightcomponents(e.g., smallpackagedike SOB323) that are susceptibleo
being blown out of position, a closedloop control system is recommended This feature
automaticallyadjustsfan speedto minimizedisturbances

w Automatic Controlof Conveyorand CenterBoardSupportWidths Thisoption is highly beneficial
for manufacturinglines that processa variety of PCBswith different widths. Instead of manual
adjustment,the conveyorand centerboard-supportwidths are automaticallyconfiguredbasedon
the assemblyprogram,ensuringprocessconsistencyandreducingchangeovetime.

Fig. 4.1.3: Edge conveyor with a certigard support

—4.1.3 Acceptable Reflow Profile

An acceptablereflow profile is a time-temperature graphthat guidesthe solderingprocessto ensure
strong, reliable solder joints without damagingcomponents Becauseno two assembliesare exactly
alike, a unique reflow profile must be developedfor eachone. The profile is programmedinto the
reflow ovenandis affectedby severalkriticalfactors

w Type of SolderPaste Different solder pasteshave varying melting points and require specific
temperaturerampsand soaktimes. Theprofile mustbe tailored to the paste'spropertiesto ensure
properwetting andjoint formation.

w PCBMaterial, Thicknessand Numberof Layers PCBsvith thickermaterial,more layers,or a higher
copper content require more energy to heat up and cool down. The reflow profile must be
adjustedto accountfor the thermalmassof the board

w Amount of Copper A higher density of copper planesand traces within the PCBincreasesits
thermal mass This requires a longer pre-heat stage to bring the entire board to a uniform
temperature,preventingcoldspotsandunevensoldering

w Numberand Typeof SurfaceMount ComponentsThesize type, anddensityof componentson the
board significantlyaffect the thermal profile. Largeor thermally massivecomponents(e.g., BGAs,
largecapacitors)absorbmore heat, requiringa longersoaktime to reachthe desiredtemperature
Smallermore delicatecomponentanaybe sensitiveto rapidtemperaturechangesnecessitatinga
gentlerramprate.
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—4.1.4 PCB/Component Footprint Design

A PCBdesigncaninfluencethe efficiencyof the assemblyreflow in manyways Thesizeof tracksthat
connectsto a componentfootprint is an example If the track that is joined to one side of a footprint is

bigger than that joined to the other, a thermal imbalancecan happen Thisleadsto Wi 2 Yo ai 2y S
formation.

Fig. 4.1.4: Tombstone formation

Copperbalancingis a critical considerationin reflow soldering,especiallyfor panels Thistechniqueis
usedto preventthe panelfrom warpingasit goesthroughthe hightemperaturereflow oven

Whena PCBdesignhaslarge,unevencopperareas,it createsa thermalimbalance The copperheavy
sectionsheat up and cool down at a different rate than the areaswith little or no copper This
differential thermal expansiorand contractioncan causethe entire panelto warp, leadingto soldering
defectssuchastombstoning,shorts,anddelamination

Tocounteractthis, the "copperbalancing'techniqueinvolvesaddinga pattern of copperto the empty,
norHfunctional(waste)areasof the panel Thishelpsto createa more evendistribution of thermalmass
acrossthe entire panel, ensuringthat it heatsand coolsmore uniformly. Theresult is a flatter panel
throughoutthe reflow processwhichsignificantlyimprovesthe quality andyield of the finishedPCBs

Fig. 4.1.5: Copper balancing process
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