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

development then Skill Development 
should be our mission.
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IndiaiscurrentlytheǿƻǊƭŘΩǎsecond-largesttelecommunicationsmarket,with a total subscriberbaseof

approximately1.188 billion asof October2024. Asof June30, 2025, the total number of telephone

subscribersreached1.218 billion, with wireless(mobile plus 5G FWA)subscriptionsat 1.171 billion,

illustratingcontinuedrobustgrowth.

Overthe pastdecadeand a half, the telecomindustryhaswitnessedexponentialexpansion. Internet

(broadband)connectionssurged nearly 386 million between March 2014 and June 2024, while

broadbandconnectionsthemselvesgrewmorethan fourteenfold. Thissurgereflectsnot onlygrowth in

subscribernumbersbut alsodramaticimprovementsin accessandserviceaffordability.

ThetelecomsectorhasbeeninstrumentalinLƴŘƛŀΩǎsocioeconomicdevelopmentτplayinga keyrole in

bridgingthe ruralςurbandigitaldivide,enhancingconnectivity,andfuellingdigitalinclusion.

Accordingto data from around 2020ς2021, the industry contributed about 6% of LƴŘƛŀΩǎGDPand

supported2.2 million direct jobs and 1.8 million indirect jobs. While more recent estimateson GDP

contribution specificallyfrom telecom aren't available,the broader ICTand digital economysector

contributesover13%of India'sGDP,underscoringthe telecomǎŜŎǘƻǊΩǎgrowingeconomicsignificance.

Lookingahead,LƴŘƛŀΩǎupcomingNationalTelecomPolicy(NTP)aimsto further catalysegrowth. Among

its goalsare doublingtelecomexports,achievinguniversalaffordableconnectivitythrough terrestrial

andsatellitenetworks,andcreatingonemillion new jobsby 2030. Thepolicyalsoseeksto increasethe

telecomǎŜŎǘƻǊΩǎGDPsharefrom around7.8%to 11%by 2030andattract 1.5 lakhcrore annuallyin

telecominfrastructureinvestment.

ThisParticipantHandbookdeliversboth theoretical knowledgeand practicalskill training for aspiring

SurfaceMount Technology(SMT)Technicianin the telecomsector.

Keyresponsibilitiesinclude:

ω Executescreen printing of solder paste onto telecom PCBsin line with prescribed process

parameters.

ω Perform accurate component placement on PCBsusing automated and manual techniques,

ensuringalignmentandcorrectorientation.

ω Operatethe reflow solderingprocessto achievedefect-free solder joints by maintainingprecise

temperatureprofiles.

ω Conduct thorough cleaning and inspection of PCBsto detect soldering defects, component

misalignment,or other faults,ensuringqualityandcompliance.

ω Carryout functional testingand segregationof PCBs,identifyingand rectifyingdefectiveunits by

performingrepairsandreworkwherenecessary.

ω Operate and maintain SMTequipment and tools, following standardoperating proceduresto

ensureuninterruptedproduction.

ω Applysustainabilitypracticesin telecomproductionand assemblyprocesses,focusingon energy

efficiency,wasteminimization,andproperhandlingof electronicmaterials.

Aligned with the latest and approved version of Surface Mount Technology(SMT) Technician

(TEL/Q2501, v5.0), the handbookincludesthe followingNationalOccupationalStandards(NOSs):

1. TEL/N2503: ScreenPrintingof PCBs

2. TEL/N2504: ComponentPlacementonPCBs

3. TEL/N2505: Re-flow solderingonPCBs

4. TEL/N2502: CleaningandInspectionof PCBs

5. TEL/N9107: Followsustainabilitypracticesin telecomproductionandassemblylineprocesses

6. DGT/VSQ/N0101: EmployabilitySkills(30Hours)

About this book
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Uponcompletion,participantswill beequippedto:

ω Executethe completeSMTassemblyprocessin the telecomsectorwhile maintaininghigh-quality

productionstandards.

ω Perform screenprinting, componentplacement,reflow soldering,PCBcleaning,and inspection

with precisionandin alignmentwith industrypractices.

ω Identify defectivePCBsthrough inspectionand perform correctiveactionsto ensurefunctional

telecomhardware.

ωOperateandmaintainadvancedSMTmachinery,optimizingproductionthroughputandadhering

to safetyandqualitystandards.

ω Implementsustainablepracticesduringproductionto minimizeenvironmentalimpactandreduce

energyconsumption.

ω Communicateeffectively with team membersand supervisors,applying problem-solving skills

underpressureto maintainsmoothproductionflow.

ω Exhibitprofessionalism,discipline,and strongworkplaceethics,contributing to a productiveand

efficientworkenvironment.

ω Collaborate proactively in teams, supporting shared operational goals, and demonstrating

responsibilityandaccountability.

ωManagetime efficiently and focus on processstandardizationto enhanceproductivity without

compromisingonquality.

We trust this ParticipantHandbookwill offer strong learningsupport and help buddingprofessionals

carveout engagingandrewardingcareersin India'sdynamictelecomindustry.

Symbols Used

Telecom Surface Mount Technology (SMT) Technician
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By the end of this module, the participants will  be able to:

Key Learning Outcomes

2

1. Identifybasicelectricalquantities: voltage,current,resistance,andpowerwith their units.

2. Listfactorsaffectingresistance: material,length,cross-section,andtemperature.

3. DefinehƘƳΩǎLawandits relationbetweenvoltage,current,andresistance.

4. Differentiateseriesandparallelconnectionsby their current,voltage,andresistancebehavior.

5. Listtypesof electroniccomponents: resistors,capacitors,diodes,transistors,ICs,etc.

6. Identifyapplicationsof diodesandtransistorsin rectification,amplification,andswitching.

7. Demonstratefunctionsof basiclogicgatesusingtruth tablesandexamples.

8. Assessapplicationsof transmittersandreceiversin communicationsystems.

9. Distinguishtypesof switches: toggle,push-button, DIP,andslideswitches.

10. Identifydifferent powersupplies: linear,switching,UPS,andbatteries.

11. Classifyamplifiers: voltage,current,power,andoperationalamplifiers.

12. Listapplicationsof multiplexersanddemultiplexersin dataroutingandsignalmanagement.

13. IdentifyPCBparts: tracks,vias,pads,silkscreen,soldermask,andsubstrate.

14. DifferentiatePCBlayers: component,soldermask,silkscreen,power,ground,andsignallayers.

15. Listthree PCBtypes: single-layer,double-layer,andmulti-layer.

16. AnalysePCBperformancerequirements: electrical,mechanical,thermal, and manufacturability
aspects.

17. ListPCBdesignsteps: schematiccapture,placement,routing,DRC,andGerbergeneration.

18. IdentifyPCBinspectionchecks: visual,electrical,solderjoints,layeralignment,anddimensions.

19. ExecutePCBcleaningbeforepattern transferto removedust,grease,andoxidation.

20. ListIPCstandards: IPC-A-600, IPC-A-610, andIPC-2221.

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

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 numberof electronsis either more or less

than the numberof protons. If anobjecthasmore protonsthan electrons,it hasa net positivecharge.

Conversely,if it hasmoreelectronsthanprotons,it hasanet negativecharge.

The electric charge is a conservedquantity, meaning it cannot be created or destroyed, only

transferred. It is representedby the symbolQandismeasuredin Coulombs(C). OneCoulombisa very

largeamountof charge,equivalentto the chargeof approximately6.24Ҏ1018electrons.

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

2. List and describefactors affecting resistanceof an element,suchas material type, length, cross-
sectionalarea,andtemperature.

3. DefinehƘƳΩǎLaw and explain the relationship between voltage, current, and resistancein an
electricalcircuit.

4. Differentiatebetweenseriesandparallelconnectionsin termsof current flow, voltagedistribution,
andoverallresistance.

1.1.1 Electric Charge

UNIT 1.1: Fundamentals of Electronics

Unit Objectives

Electriccurrent is the flow of electriccharge,typically in the form of electrons,through a conductive

material. It's the rate at which thesechargespassa specificpoint in a circuit. In simpler terms, it's a

measureof howmanyelectronsareflowingper second.

Theunit of electriccurrent in the InternationalSystemof Units(SI)is the Ampere(A),often shortened

to amp. Constantcurrent isdenotedby the symbolI. OneampereisdefinedasoneCoulombof charge

flowingpastapoint persecond.

Therelationshipbetweencurrent,charge,andtime isgivenby the formula:

I=tQ

ωI is the averagecurrent in Amperes.

ωQisthe total chargein Coulombs.

ωt is the time in seconds.

Byconvention,the direction of current flow is definedasthe direction a positivechargewould move,

from the positive terminal to the negativeterminal of a power source. Thisis oppositeto the actual

flow of electrons,whichmovefrom the negativeterminalto the positiveterminal.

1.1.2 Electric Current

Telecom Surface Mount Technology (SMT) Technician
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Voltage,alsoknownaspotential difference,is the differencein electricpotential energybetweentwo

points in an electric field. It's the "pressure"that pusheselectric chargesthrough a circuit. Voltageis

determinedby the amountof work requiredto movea unit of charge(oneCoulomb)from onepoint to

another.

1.1.3 Voltage (Potential Difference)

Fig 1.1.1 How Voltage Works

Resistanceisthe oppositionamaterialor acircuitcomponentoffersto the flow of electriccurrent. It's a

measureof how mucha materialresiststhe movementof electrons. Themore resistancea circuit has,

the morevoltageisrequiredto pushagivenamountof currentthroughit.

Resistanceis measuredin Ohmsόʍύ. Materials with low resistanceare called conductors,while

materialswith veryhighresistancearecalledinsulators.

Severalfactorsinfluencethe resistanceof amaterial:

1.1.4 Resistance

Theunit of voltageis the volt (V). Onevolt is definedasoneJouleof work per Coulombof charge. The

formulafor voltageis:

V=W/Q

ω Visthe voltagein Volts.

ωW isthe work donein Joules.

ωQisthe total chargein Coulombs.

Voltagecanbe constant,knownasDC(DirectCurrent)voltage,or it canvaryover time, knownasAC

(AlternatingCurrent)voltage. DCvoltageis producedby sourceslike batteriesand solarcells(e.g., 12

VDC),while ACvoltageis typicallygeneratedby power plantsand is what comesfrom standardwall

outlets(e.g., 240VAC).
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ω Length: Resistanceis directly proportional to the length of the material. A longer wire offers

moreresistance.

ω Cross-sectionalArea: Resistanceis inverselyproportional to the cross-sectionalarea. A thicker

wire haslessresistance.

ω Material Type: Different materialshavedifferent propertiesthat affect resistance. Conductors,

likecopper,havelow resistance,while insulators,like rubber,havehighresistance.

ω Temperature: Formostconductors,resistanceincreasesastemperaturerises.

Fig 1.1.2 Resistor symbols

Theresistanceof a materialwith uniform cross-sectionalareaAandlengthl canbecalculatedusingthe

formula:

R=́ ƭ/A

ωRisthe resistancein Ohms.

ώ (rho) is the resistivityof the material,a fundamentalpropertyof the materialitself.

ωl is the lengthof the material.

ωAisthe cross-sectionalarea.

Telecom Surface Mount Technology (SMT) Technician
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Ohm'sLawis a fundamentalprinciple in electronicsthat describesthe relationshipbetweenvoltage,

current, and resistancein an electrical circuit. It states that the voltage acrossa resistor is directly

proportionalto the current flowingthroughit.

Themathematicalexpressionof Ohm'sLawis: V=IҎR

ωVisthe voltagein Volts.

ω I is the current in Amperes.

ωRisthe resistancein Ohms.

This formula can be rearrangedto find any of the three variablesif the other two are known. For

example,to find the current,the formulaisI=V/R,andto find the resistance,it isR=V/I

1.1.5 Ohm's Law

CƛƎ мΦмΦо hƘƳΩǎ [ŀǿ

Electricalpower is the rate at which electrical energy is transferred or consumedin a circuit. It is

measuredin Watts(W). Onewatt isequalto oneJouleof energypersecond.

Themostcommonformulafor electricalpoweris:

P=VҎI

ω Pisthe powerin Watts.

ω Visthe voltagein Volts.

ω I is the current in Amperes.

Thisformula showsthat power is directly related to both voltageand current. In a resistivecircuit,

powercanalsobecalculatedusingother formsof Ohm'sLaw:

P=I2ҎR

P=V2/R

Aresistor'spowerrating,or wattage,indicatesthe maximumamountof power it cansafelydissipateas

heatwithout beingdamaged. If the power flowing througha resistorexceedsits rating, it will overheat

andfail.

1.1.6 Power
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Inductanceis the propertyof anelectricalconductorto resistanychangein the electriccurrent flowing

through it. Thishappensbecausea changingcurrent createsa changingmagneticfield, which in turn

inducesan opposingvoltage(backelectromotiveforce, or backEMF)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 coil, it createsamagneticfield. If the current increases,the magneticfield strengthens,and

the inducedbackEMFopposesthis increase. If the current decreases,the magneticfield weakens,and

the backEMFopposesthe decreaseby tryingto maintainthe currentflow.

Theunit of inductanceisthe Henry(H). Smallerunits likemillihenry(mH) andmicrohenry(˃I) aremore

commonlyused. Theinductanceof acoildependson its physicalproperties: L=N2˃!κƭ

ω Listhe inductancein Henries.

ω Nisthe numberof turnsin the coil.

ω (˃mu) is the permeabilityof the core material,which measuresits ability to support a magnetic

field.

ω Aisthe cross-sectionalareaof the core.

ω l is the lengthof the core.

Inductorsare designedto concentratethis magneticfield, often by wrappingthe wire arounda core

madeof amagneticmateriallikepowderediron or ferrite.

1.1.7 Inductance

A capacitor is an electronic component that stores electrical energy in an electric field. It typically

consistsof two conductiveplatesseparatedby an insulatingmaterialcalleda dielectric. Whena voltage

is appliedacrossthe plates,one plate accumulatesa positivechargeand the other a negativecharge,

storingenergy.

Theability of a capacitorto store chargeis calledcapacitance. Theunit of capacitanceis the Farad(F).

OneFaradisa largeamountof capacitance,sosmallerunits like microfarad(˃C) andpicofarad(pF)are

morecommon.

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

performance. Commondielectricmaterialsincludeceramic,paper,mica,andplasticfilms. Examplesof

capacitorsinclude ceramic discs,which are often used in high-frequency circuits, and electrolytic

capacitors,whicharepolarizedandcanstorea largeamountof charge.

1.1.8 Capacitance

Whenelectroniccomponentslike 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,componentsareconnectedend-to-end,forminga singlepath for the current to flow.

Thesamecurrent flowsthrougheverycomponentin the circuit. Thetotal resistanceof a seriescircuit is

the sumof the individualresistances.

1.1.9 Series and Parallel Connections

Telecom Surface Mount Technology (SMT) Technician
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Current: Thecurrent is the samethroughall resistors:

Itotal=I1=I2=I3...

Voltage: Thetotal voltageisthe sumof the voltagedropsacrosseachresistor:

Vtotal=V1+V2+V3...

Resistance: Thetotal resistanceisthe sumof all resistances:

Rtotal=R1+R2+R3...

ParallelConnection

In a parallel circuit, componentsare connectedacrosseach other, creating multiple paths for the

current. Thevoltageacrosseachcomponentis the same,but the total current is divided amongthe

branches.

Current: Thetotal current isthe sumof the currentsflowingthrougheachbranch:

Itotal=I1+I2+I3...

Voltage: Thevoltageisthe sameacrossall resistors:

Vtotal=V1=V2=V3...

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

resistances:

Rtotal1=R11+R21+R31...
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By the end of this unit, the participants will be able to:

Basically,therearetwo typesof electroniccomponents; activecomponentsandpassivecomponents.

1. ActiveComponents

Activecomponentsrefer to thosecomponentswhich require externalpower supplyto operate them

suchasdiode,transistor,integratedcircuits,mosfetsandsoon.

2. PassiveComponents

Astheir namesuggests,passivecomponentsdo not requireanyelectricalpower to operate,unlikethe

activedevicesthat needto bepoweredto makethemwork.

Passivedevices do not offer amplification, gain or directionality to a circuit. But they provide

attenuation to the circuit as they have a gain less than unity. Hence,the passivedevicescannot

generate,amplifyor oscillateanelectricalsignal.

Passivedevicescanbe usedindividually. Theyareusedto control complexcircuitsor signalsby getting

connectedtogether in seriesor in parallelcombination. Theyarealsousedfor generatinga phaseshift

to signalor providingsomeform of feedback. But,sincethesedeviceshaveno powergain,they cannot

multiplyasignalbymorethanone.

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

providepowerto acircuit.

Passivedevicesare bi-directionalcomponents. Thus,in a circuit, they canbe connectedeither way if

theyŘƻƴΩǘhavea polarity marking; for example,electrolyticcapacitors. Theflow of the current from

the positiveto negativeterminaldeterminesthe polarityof the voltageacrossthe passivedevices.

Somebasicpassiveelementsareresistor,capacitorandinductor.

1. Listandclassifycommonelectroniccomponents.
2. Explainthe workingprinciplesandapplicationsof diodesandtransistors.
3. Demonstratethe logicoperationsof basiclogicgates(AND,OR,NOT,NAND,NOR,XOR,XNOR).
4. Assessthe role andapplicationsof transmittersandreceiversin communicationsystems.
5. Differentiatebetweenvarioustypesof switchesbasedon their operationanduse.
6. Identifyanddescribedifferent typesof powersupplies(linear,switching).
7. Classifyamplifiersby type (e.g., voltage,current,operational)andapplication.
8. Explainthe functionandapplicationsof multiplexersanddemultiplexersin datarouting.

1.2.1 Types of Electronic Components

UNIT 1.2: Basic Functionality of Common Electronic Components

Unit Objectives

Telecom Surface Mount Technology (SMT) Technician



1.2.2 Diode

A diode is an electrical semiconductor device. It works as a one-way switch to permit the 
current to flow through it in one direction only. A diode shows an exponential I-V relationship 
and hence, it does not have a linear relationship with the applied voltage. Therefore, its 
operation cannot be explained using equations such as Ohm's law. The following figure shows 
the I-V characteristics of a diode:

Fig. 1.2.1: I-V characteristics of a diode

The arrow in the above figure points in the direction in which current flows. Anode (A) and 
cathode (K) are the two terminals of the diode in which the cathode is the negative end and 
can be identified by the band marked on it.

A diode can be either ΨŦƻǊǿŀǊŘ ōƛŀǎŜŘΩ or ΨǊŜǾŜǊǎŜŘ ōƛŀǎŜŘΩ and can be explained as follows:

Fig. 1.2.2: Forward biased or reversed biased condition of diode

Diodes are made of semiconductor materials which include silicon and germanium. Unlike in 
silicon diodes, the conduction in germanium diodes occurs if the forward biasing voltage is 0.2 
volts or more. Diodes can be classified as follows:

¶ Small signal diodes: Utilised in multiple low voltage applications

¶ Power diodes: Utilised in mains powered circuits and in rectifying

Since diodes are devices in which current flows in one direction only, they cannot be 
haphazardly connected in series.

Forward biased Reversedbiased

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

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
reversebreakdownvoltageis reached.
Thediodebecomesunstableat thispoint.

11



The following figure shows the combination of diodes in series connection:

Fig. 1.2.3: Combination of diodes in series connection

In the above combination, only circuit A will conduct current.

Applications of Diode

Diodes can be used in many ways. They can work as a half wave rectifier, a full wave rectifier, 
a switch and so on.

Diode as a Switch

In case of forward bias, if the voltage of the diode exceeds the threshold level, generally 0.6V, 
then the diode performs as a short circuit and permits the current to pass. In case of reverse 
bias, that is if the polarity of voltage is changed, the diode performs as an open circuit and 
does not permit the current to flow. The following figure shows a diode as a switch:

Fig. 1.2.4: A diode as a switch

Diode as a Half Wave Rectifier

The following figure shows a diode as a half wave rectifier:

Fig. 1.2.5: A diode as half wave rectifier

Telecom Surface Mount Technology (SMT) Technician
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The following figure explains the working of a diode as a half-wave rectifier (from above 
figure):

During the positive half cycle of the 
input supply (sinusoidal wave):

During the negative half cycle of the 
input supply (sinusoidal wave):

Å Anode is made positive with respect 
to cathode so the diode gets forward 
biased. These results in flow of a 
current to the load.

Å Since the load is resistive, the 
voltage across the load resistor will 
be same as the supply voltage; that 
means, the input sinusoidal voltage 
will appear at the load.

Å The load current flow is proportional 
to  the voltage applied.

Å Anode is made negative with respect 
to cathode so the diode gets reverse- 
biased.

Å No current flows to the load. The 
circuit becomes open circuit and no 
voltage appears across the load.

Fig. 1.2.6: Working of diode as a half wave rectifier

The polarity of the current at the load is identical to the polarity of the voltage of the load. The 
output voltage is hence a periodic current, that is, pulsating DC. A capacitor is used in the 
rectification circuit. It is connected across the load so that a stable, continuous DC current 
devoid of ripples is produced.

Diode as a Full Wave Rectifier

The following figure shows a diode as a full wave rectifier:

Fig. 1.2.7: Working of diode as a full wave rectifier
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Diodeasa FullWaveBridgeRectifier

Thefigureshowsadiodeasafull wavebridgerectifier:

Fig.1.2.8:Workingof diodeasa full wavebridgerectifier

ZenerDiode

A zenerdiode is a specialiseddiode that canbe usedin placeof a semiconductorjunction diode. The

latter isusedto blockcurrent flow in reversedirection. At times,whenthe voltagein this type of diode

exceedsa limit, the PN-junction of the diodebreaksdown and it getsdamaged. Thecurrent beginsto

flow in the circuit at this breakdownvoltagewhich is alsocalledpeakreversevoltage. In suchcasesa

zenerdiodecanbeusedinstead. Thfollowingfigureshowsthe characteristicsof Zenerdiode:

ω It is designedto operate in the reversebiasedmode in sucha way that at a certain breakdown

voltage point, the reversevoltage causesthe diode to conduct in a controlled way, thereby

allowinga reversecurrent to flow througha serieslimiting resistor(Rz). Thisbreakdownvoltageis

calledthe zenervoltage(Vz).

ω Thebreakdownvoltagepoint of a zenerdiode, Vz, is determinedby the dopingtechniqueused

duringits manufacture. Zenerbreakdownvoltagesrangefrom 2.7Vto about200V.

ω Thevoltage,Vz, acrossthe zenerdioderemainsreasonablyconstantovera wide rangeof reverse

currentspassingthroughthe diode.

Thefollowing figureshowsthe workingof a zenerdiode:

Fig. 1.2.9: Working of zener diode

Telecom Surface Mount Technology (SMT) Technician
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In the above figure, a zener diode is shown with its reversebias characteristics. A region can be

observedwhere nearlyconstantnegativevoltagehasbeendepicted. Theregion is unaffectedby the

magnitudeof the current flowing acrossit. Thechangesin the magnitudeof the loadcurrent doesnot

affect the voltageof this region.

Thisspecialcharacteristicof a zenerdiodeto remainin control at all timescanbe employedto keepa

voltagesourcestabilisedagainstthe variationsin the loador supplymagnitude.

A transistor is an electronicsemiconductordevice. It is madeby includinga semiconductorlayer in a

PN-junction diode. Wheneverthere a minute changein the current flowing in one lead,the transistor

functionsasa conductoror an insulator. It producesa considerablechangein the current,voltageand

powerwith its other two leads. Thetwo fundamentalfunctionsof a transistorwithin anelectricalcircuit

areasfollows:

ωAmplification(in analogcircuits)

ωSwitching(in digitalcircuits)

Thefollowingfigureshowsthe basicconstructionof abipolartransistor:

1.2.3 Transistor

Fig. 1.2.9: Basic construction of a bipolar transistor

Bipolartransistorsare usedascurrent regulatingdevices. Theyact like current-controlledswitchesby

controllingthe amountof currentacrossthem in proportion to the amountof biasingvoltageemployed

to their baseterminal. Thereare basicallytwo typesof transistors; NPNandPNP. Theiroperationsare

basedon the sameprinciplebut the differencelies in 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

ωThearrowsin the circuit in the abovediagramrepresentthe directionof the conventionalcurrent

flow betweenthe baseandthe emitter terminal.

ωForboth transistortypes,the directionof the arrowpointsfrom positiveP-type regionto negative

N-type region,whichissameasfor astandarddiodesymbol.

Bipolar transistorscan operate within three different regions. The following figure lists the three

regions:

Fig. 1.2.11: Three regions of a bipolar transistor

Telecom Surface Mount Technology (SMT) Technician
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TransistorasanAmplifier

Thefollowingfigureshowsworkingof a transistorasanamplifier:

Fig. 1.2.12: Working of a transistor as an amplifier

In the abovefigure, a changeof 0.1 V in the input voltageproducesa changeof 1 mA in the emitter

current. Thisemitter current then producesachangeof 1 mAin the collectorcurrent.

If a loadresistanceof 5ƪʍis placedat collector,it will producea voltageof 5 V (calculatedas5ƪʍҎ1

mA). Therefore,a changeof 0.1 V in input producesa changeof 5v in output, amplifyingthe voltage

levelof the signal.

Thefollowing table explainsthe currentgainandvoltagegain:

Current Gain Voltage Gain

The gain in terms of current when changesin
input andoutput currentsareobserved,iscalled
asCurrentgain.

The gain in terms of voltage when changesin
input and output currentsare observed,is called
asVoltagegain.

By definition, it is the ratio of the change in
collector current όɲL/ύto the change in base
currentόɲL.ύ.

Currentgain,ʲҐɲL/κɲL.

By definition, it is the ratio of changein output
voltage
όɲ±/9ύto the changein input voltageόɲ±.9ύ.

Voltagegain,!±Ґɲ±/9κɲ±.9=
Changein output current × effective load Change
in input current× input resistance

The value of ʲranges from 20 to 500. The
current gain indicates that input current
becomes̡ timesin the collectorcurrent.
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Logicgates are electronic circuits that are used to processsignalswhich represent true or false.

Normally,the positivesupplyvoltage(typically+5 V)is representedtrue and0 Visrepresentedasfalse.

Thefollowing figure lists the termsrelated to logicstates:

1.2.4 Logic Gates

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

Thefollowing figure lists the basiclogicgates,their symbolsandtruth tables:

Fig. 1.2.13: Terms related to logic states
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Fig. 1.2.15: Universal logic gates, their symbols and truth tables

Thefollowing figure lists the universalgates,their symbolsandtruth tables:

Thefollowing figure lists the combinationalgates,their symbolsandtruth tables:

Fig. 1.2.16: Combinational logic gates, their symbols and truth tables
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A Transmitter is defined as a combination of one or multiple electronic circuits or deviceswhich

convertsthe sourceinformation, also calledas basebandsignal,to a form suitablefor transmission.

Transmittersareusedin the systemwherethe senderencodesthe information. AM radio transmitters

and mobile phones are some of the examples. The following figure lists some characteristicsof

transmitters:

ωIt mustgenerateasignalof desiredfrequency.

ωIt must providesomeform of modulationthat allowsthe information signalto modify a signalof

higher frequency,also known as the carrier signal. Amplitude Modulation (AM) and Frequency

Modulationarecommonlyusedin broadcasting.

ωIt must providepower amplificationto ensurethat the signallevel is high. Thisshouldbe in sucha

waythat it will carryoverthe desireddistancefor whichthe signalis to besent.

1.2.5 Transmitter

A receiverisa collectionof variouselectroniccircuitsanddeviceswhichacceptsthe signalstransmitted

from the transmissionmediumand then convertsthem backto their original form understandableby

humans. Televisionisa goodexampleof a receiver. Thefollowingfigure liststhe primaryrequirements

for acommunicationreceiver:

1.2.6 Receiver

Selectivity Sensitivity

It isthe abilityof a receiverto selecta
signalof a desired frequency while 
rejecting those on closely adjacent 
frequencies.

It isthe abilityof areceiverto pickup weak
signals.

With goodselectivity,the receivercanselect
the desiredsignal and eliminate all other RF 
signals.

Sensitivity is directly related to receiver's 
gain. Gain is the factorbywhichaninput
signalismultipliedto producethe output.

Tunedcircuitsor LCcircuitsareusedto obtain
selectivity.

Thisgaincanbe increasedbyhavingaseriesof
amplifications.

Bettersensitivityisattainedwith highergain.

Thefollowingfigureshowsanoverallcommunicationsystem:

Fig. 1.2.17: An overall communication system

Telecom Surface Mount Technology (SMT) Technician
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Aswitchcanautomaticallyor manuallyconnector breakanelectricalcircuit. It mainlyworkswith anON

(open)andOFF(closed)mechanism. Thefollowingfigureliststhe basictypesof switches:

ω SinglePoleSingleThrow(SPST)

ω SinglePoleDoubleThrow(SPDT)

ω DoublePoleSingleThrow(DPST)

ω DoublePoleDoubleThrow(DPDT)

SPSTSwitch

AnSPST,alsoknownastoggleswitch,isa basicon/off switch. It just breaksor connectsthe connection

betweentwo terminals. It isusedfor switchingthe powersupplyto acircuit. Thefollowingfigureshows

asimpleSPSTswitch:

1.2.7 Switches

Fig. 1.2.18: A simple SPST switch

ThefollowingfigureshowsanSPSTcircuitdiagramandits working:

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 oneor both of the two output

terminals.

To use an SPDTas an SPSTswitch, COMterminal needsto be used insteadof other terminals. For

example,COMwith Aor COMwith Bisused. ThefollowingfigureshowsanSPDTswitch:

Fig. 1.2.20: SPDT switch

ThefollowingfigureshowsanSPDTcircuitdiagramandits explanation:

Theabovecircuitdemonstrateswhat happenswhenthe SPDTswitchismovedbackandforth.

ω Theseswitchesareusedin a three-waycircuit,whereit is requiredto switchon/off a light from two

locations; for example,from the bottom aswell astop of astairway.

ωWhenswitchA is closedonly light A will be in ONpositionandthe light Bwill in OFFposition. Only

light Bwill be in ONposition,whenthe switchBisclosed.

ωHere,two circuitsor pathscanbecontrolledviaonewayor onesource.

Fig. 1.2.21: DPST switch
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SPDTSwitch
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light Bwill be in ONposition,whenthe switchBisclosed.
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Fig. 1.2.21: DPST switch
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DPDTSwitch

ADPDTswitchisequivalentto two SPDTswitchesoperatedby the

sameactuator. Twoseparatecircuitsarecontrolledby connecting

eachof the two inputs to one of the two outputs. At a time, only

two loadscanbe in ONposition. Thenumberof wayseachof the

two contactscan be contacteddependson the position of the

switch. ThefollowingfigureshowsaDPDTswitch:

Fig. 1.2.22: DPDT switch

Thiscan be used in an applicationrequiring an open and closed

wiring system. DPDTswitchis usedin railroadmodelingthat makes

useof smallscaledbridges,trainsandrailwaysaswell ascars.

The closed state allows the system to be continuously in ON

positionwhile the openstateallowsthe other pieceto be activated

or turned into ONpositionthroughthe relay.

Fig. 1.2.23: Working of a DPDT circuit

In the circuit, connectionsA, B andCform one pole of the switchandconnectionsD,EandFform the

other pole. ConnectionsBandEarecommonin eachof the poles.

If the positivepower supply(Vs)entersat connectionB and the switch is set to the top most position,

connectionAbecomespositiveandthe motor will rotate in onedirection.

If the switch is 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

circuitsareusedin motor controllers.
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1.2.8 Power Supply

A power supply supplies electric power to electrical loads by converting the current from a 
source to the correct voltage, current and frequency. There are two types of power supplies: 
AC and DC power supply. The following figure lists the specifications of various electrical 
devices to use AC power or DC power:

Fig. 1.2.24: Specifications of various electrical devices to use AC power or DC power

Variable AC Power Supply

The following figure lists the characteristics of variable AC power supply:

AC voltages are produced by using a transformer. It 
may have multiple windings and allows the switches 
to select different voltage levels.

A variable transformer, also known as an 
adjustable autotransformer, may be used to  
vary the voltages continuously.

Some variable AC supplies include meters that allows 
the monitoring of the voltage, power and/or current.

Fig. 1.2.25: Characteristics of variable AC power supply
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Unregulated Linear Power Supply

The following figure lists the components of unregulated linear power supply:

Input Transformer

ωThe input transformer is used to convert the incoming line voltage down to 
the required level of the power supply.
ωIt also isolates the output circuit from the line supply. Here a step-down 
transformer is being used.

Fig. 1.2.26: Components of unregulated linear power supply

This type is very simple and the most reliable source when low power is required. It is the least 
costly power source but the output voltage varies with the load current and input voltage. It 
is one of its disadvantages. Also, the ripple is not acceptable for electronic applications. If the 
filter capacitor is replaced by a resonance circuit (inductor-capacitor or LC), the ripple can be 
reduced, but it increases the cost. The following figure shows the circuit diagram of an 
unregulated linear power supply:

Fig. 1.2.27: A circuit diagram of an unregulated linear power supply

Rectifier

ωThe rectifier used to convert the incoming signal from an AC format into raw DC.

Filter Capacitor

ωThe pulsated DC from the rectifier is fed to the smoothing capacitor.

ωIt will remove the unwanted ripples in the pulsated DC.

Bleeder Resistor

ωBleeder Resistor is also known as a power supply drain resistor.

ωIt is connected across the filter capacitors to drain their stored charge so that the 
power system supply does not become dangerous.

Telecom Surface Mount Technology (SMT) Technician
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Regulated Linear Power Supply

Regulated linear power supplies include three-terminal regulators in place of the bleeder  
resistor which is used in unregulated supplies. This supply is intended to provide the required  
level of DC power to the load. Varying DC voltage when converted to a constant low DC 
voltage  by a linear voltage regulator, the function of the regulator prevents the power 
supply or an  overcurrent load from limiting the current.

Most power supply applications require an output voltage that is constant but the energy  
sources providing voltage vary with load impedance changes. Moreover, the output voltage  
varies with changes in input voltage when a DC power supply as the source of energy is  
unregulated. To avoid this, linear voltage regulator is used by a few power supplies for  
maintenance of output value at a constant value, free from any variance in load impedance  
and input voltage. wƛǇǇƭŜΩǎ magnitude and output voltage noise can be reduced by linear  
regulators. The following figure shows the block diagram of regulated linear power supplies:

Fig. 1.2.28: A block diagram of regulated linear power supplies

The following figure shows the basic circuit diagram of regulated linear power supply:

Fig. 1.2.29: A circuit diagram of regulated linear power supply
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The following figure explains the working of smoothing filter and voltage regulator:

Table 1.2.1 Working of smoothing filter and voltage regulator

The following figure lists two types of voltage regulators:

Fig. 1.2.30: Two types of voltage regulators

Shunt regulator

ω The shunt regulator is less widely used as the main 
element within a voltage regulator.

ω In this, a variable element is placed across the load as 
shown in the figure.

ω A source resistor is placed in series with the input and 
the shunt regulator is varied to make sure that the voltage 
across the load remains constant.

Series regulator

ω This is the most widely used regulators for linear 
power supplies.

ωA series element is placed in the circuit and its 
resistance is varied via the control electronics to ensure 
that the correct output voltage is generated for the 
current taken.

Smoothing Voltage Regulator

Oncerectifiedfrom anACsignal,the DC
needsto besmoothedto remove
the varyingvoltagelevel.

A linear regulatorhasan active(BJTor MOSFET)
passdevice(seriesor
shunt) controlled by a high gain differential
amplifier.

Largevaluecapacitorsaregenerallyused
for thispurpose.

It comparesthe output voltage with a precise
referencevoltageand adjuststhe passdeviceto
maintaina constantleveloutput voltage.
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Switch Mode Power Supply (SMPS)

An SMPS includes filter capacitor, regulator, rectifier, series transistor and transformer. The 
following figure shows the block diagram of an SMPS and its working:

Fig. 1.2.31 (a): Block diagram of SMPS

The AC voltage is converted to an 
unregulated DC voltage by passing it 

through a rectifier, a series transistor and a 
regulator.

This DC is then chopped to a constant 
voltage of high frequency that enables the 

size of the transformer to be reduced 
dramatically, thereby allowing a smaller 

power supply.

Fig. 1.2.32 (b): Working of an SMPS

The disadvantages of SMPS are listed in the following figure:

Fig. 1.2.42: Disadvantages of SMPS

It requires all the transformers to be  
custom-made.

The complexity of the power supply could 
lead to  low production.
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The following image shows an SMPS:

Fig. 1.2.33: SMPS

Uninterruptible Power Supply (UPS)

UPS is known as a backup power source. It allows sufficient time for a standby generator or 
any system to shut down in an orderly manner in the case of a power fluctuation or a failure. 
A UPS comprises of power sensing and conditioning circuitry and a set of rechargeable 
batteries. The following image shows a UPS:

Fig. 1.2.34: UPS

1.2.9 Amplifier

An amplifier is used for increasing the magnitude of the signal that is applied to its input. The 
following figure shows the concept of an amplifier circuit:

Fig. 1.2.35: Concept of an amplifier circuit

Telecom Surface Mount Technology (SMT) Technician

30



The following figure shows the concept amplifier gain:

The difference between the magnitude of the input and output signal is referred to as 
the ŀƳǇƭƛŦƛŜǊΩǎ gain.

The gain measures the extent to which the input signal is amplified.

For example, an amplifier is provided input signal of 1 volt and it generates an output 
of 50 volts. The gain of the amplifier is 50. It means, the input signal has been 
amplified by a factor of 50.

Fig. 1.2.36: Concept amplifier gain

Amplifier gain is basically the ratio of output to input. The following figure lists three types of 
amplifier gains:

Fig. 1.2.37: Types of amplifier gain

Theworking of ClassAamplifier:

ω ClassAamplifiersusethe sametransistorfor eachhalf of the output waveform.

ω Theoutput transistorhascurrent flowing through it constantlyeven when there is no

input signal.

ω It isbecauseof its biasingarrangement.

ω The nature of the output transistor of alwaysbeing in ON position makesthe ClassA

operationveryinefficient.

ω Thisisbecausethe conversionof DCpowerto ACpowerdeliveredto the loadisverylow.

ω Theoutput transistorgetsveryhot evenif input signalispresent.

ω Hence,heat sinkingis required. TheDCflowing throughthe output transistorin absence

of anyoutput signalisequalto the currentpassingthroughthe load.

ω Thus,ClassA amplifier is inefficient becausemost of the DCpower gets convertedto

heat.
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ClassBAmplifierOperation: Thefollowingfigureliststhe characteristicsof ClassBamplifier:

ω TheClassBAmplifierusestwo different setof transistors,either anNMOSanda PMOSor anNPN

andaPNPfor eachhalfof the output waveform.

ω One of the two transistorsconductsfor one-half of the signalwaveform while the other one

conductsfor its oppositehalf.

ω Eachtransistoramplifiesonly 50%of the input signalasit remainshalf of its time in activeregion

andthe other half in the cut-off region.

ω Thetransistorconductsonly whenthe input signalvoltageis greaterthan the base-emitter voltage

(VBE).

ω For the silicondevicesthe VBEis about 0.7 V. Hence,only half of the input signalgetsamplified,

therebygivingagreateramountof amplifierefficiency.

Thefollowingfigureshowsoutput waveformof ClassBamplifier:

Fig. 1.2.38: Output waveform of Class B amplifier

In a ClassB amplifier, to biasthe transistors,no DCvoltageis used. For the output transistors,to start

conductingin both the halves(positiveandnegative)of the waveform,the VBEneedsto be more than

0.7 V. Thisisamustfor the bipolartransistorfor conducting.

Thelower part of the output waveformbelow0.7 V is not accuratelyreproducedasone transistoris in

OFFpositionandiswaitingfor the other oneto comebackto ONstate. Hence,it resultsin a deformed

areaof the output waveformwith asmallpart of it distortedat the zero-voltagecrossoverpoint. Thisis

knownasCrossoverDistortion.

ω ClassABAmplifierOperation: Thefollowingfigureliststhe workingof classABamplifier:

ω Twocomplementarytransistorsareusedin their output stageanda smallbiasingvoltageisapplied

to biasthe transistorat its base.

ω Thisisdonesothat the cut-off regionisreachedevenin the absenceof anyinput signal.

ω Any crossoverdistortion is eliminated becausean input signalcausesthe transistor to operate

normallyasit operatesin its activeregion.

ω In absenceof anyinput signal,asmallCollectorcurrentflows.

ω ThetransistorremainsinΨhbΩpositionfor morethanhalfacycleof the waveform.

ω Thisconfigurationimprovesthe efficiencyand linearity of the amplifiercircuit ascomparedto the

configurationof ClassA.
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Thefollowingfigureshowsthe output waveformof ClassABamplifier:

Theclassof operationdependson the amplituderequiredfor input signalandthe amountof transistor

biasneededfor the operation. Theclassificationof the amplifierconsidersthe followingpoints:

ω Segmentof the input signalin whichthe transistorconducts

ω Efficiency

ω Amountof powerthat isconsumedanddissipatedin termsof heatby the switchingtransistor

Seebelow a table comparingthe commonclassesof apower amplifier:

Fig. 1.2.39: Output waveform of Class AB amplifier

Table 1.2.2: Comparison between the common classes of power amplifier

33



The demultiplexer is a combinational logic circuit designed 
to switch one common input line to one of several output 
lines by the application of a control signal.

The data distributor, known more commonly as
a Demultiplexer, is the exact opposite of the Multiplexer.

The multiplexer is a combinational logic circuit designed to 
switch one of several input lines to a single common 
output line by the application of a control logic.

Multiplexers can be either digital circuits made from high 
speed logic gates used to switch digital or binary data.

They can be analogue types using transistors, ah{C9¢Ωǎ or 
relays to switch one of the voltage or current inputs to a 
single output.

1.2.10 Multiplexer (MUX) and Demultiplexer (Demux)

The following figure explains the multiplexer and demultiplexer:

1.2.11 Coupler

Coupleris used to 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

ω Directcouplingisessentialfor verylow frequencyapplicationsSuchasphotoelectriccurrent.

ω It hasgot advantagesof havingsimpleand cheapcircuit arrangementand outstandingability to
amplifylow frequencysignals.

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

ImpedanceCouplingor TransformerCoupling

ω Impedancecouplingresultsin more efficient amplificationbecauseno signalpower is wastedin
InductorL.

ω Suchcoupling has the drawback of being larger, heavier and costlier than the RCcoupling.
Impedancecouplingisrarelyusedbeyondaudiorange.

RCCoupling

ω RCcoupling is the most commonly used coupling between the two stagesof a cascadedor
multistageamplifierbecauseit is cheaperin cost,hasverycompactcircuit andprovidesexcellent
frequencyresponse.
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Thefollowingfigureshowsa4-bit registerandits characteristics:

1.2.12 Registers and Memories

Fig. 1.2.40: A 4-bit register and its characteristics

Theworking of a 4-bit registershownin the abovefigure:

ω Theabove4-bit registeris comprisedof four D-type flip-flopssharinga commonclockinput and
providingsynchronousoperationto ensurethat all the bitsarestoredpromptly.

ω Thebinaryword isappliedto the Dinputs. Theword is rememberedby the flip-flopsat the rising
edgeof the nextclock(CK)pulse.

ω At anytime, the storeddata canbe readfrom Q outputs aslongasthe power is maintained,or
until there is a changeof data on the inputs stored by a further clockpulse,overwriting the
previousdata.

Theregistersare typicallyclassifiedaccordingto the storagemethod and the readout used. Thebasic
form of registerisParallelIn/ParallelOut(PIPO)register.

Typesof Registers

ω SerialIn SerialOut(SISO): Databitsareenteredseriallyandoutput isalsotakenserially.

ω SerialIn ParallelOut(SIPO): Databitsareloadedseriallybut output istakenparallelly.

ω ParallelIn ParallelOut(PIPO): Databitsareloadedparallellyandoutput isalsotakenparallelly.

ω Parallelin Serialout (PISO): Databitsareloadedparallellyandthe output istakenserially.

Thefollowingfigureshowsthe configurationof SISOregisters:

Fig. 1.2.41: Configuration of SISO registers
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Thefollowing figureshowsthe configurationof SIPOregisters:

Fig. 1.2.42: Configuration of SIPO registers

Shift Registers

Thestructureof shift registersissimilarto that of the PIPOregistersbut they havethe ability to perform
shiftingof the stored word, one bit at a time, to right or left. Theseregistersare usedasa necessary
component in communicationsystemsto handle serial data. They are used to convert the data to
parallelform andthen to convertit backagainto serialform. Thefollowingfigureshowsthe application
of shift registers:

Shift registersare alsoimportant for arithmeticcircuitsto shift the binarynumbersto right (by dividing
by two) or to left (bymultiplyingby two) aspart of acalculation.

Thesecanalsobeusedfor delayingthe passageof dataat aspecificpoint in acircuit.

ωAt a time,onebit of dataisshiftedfrom the input towardsthe output.

ωTheamount of delay dependson the number of flip-flops and the frequencyof the clockpulses
drivingthe shift register.

ωTheactionof storingseveralbits of dataafter they are inputted andthen recoveringthem from the
output at a later time isknownasadigitaldelayline.

1.2.13 Radio Frequency (RF) Circuits in Telecom

RFrangeis usedin radio. Thefrequencyrangesbetweenaudio frequencies(with the upper limit of 20
kHz)andinfraredfrequencies(with lower limit of around300GHz).

Thefollowing figureshowsthe buildingblocksof a typicalRFcommunicationsystem:

Fig. 1.2.43: Building blocks of a typical RF communication system
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By the end of this unit, the participants will be able to:

APrintedCircuitBoard(PCB)isacompositestructuremadeof different layersthat arebondedtogether

usingheat and adhesiveto form a single,rigid or flexible object. Thefollowing sectionsdescribethe

primarylayersof aPCB.

1. Identifyanddescribethe four mainlayersof a typicalPCB.
2. Explainthe functionof eachlayer,includingthe substrate,copper,soldermask,andsilkscreen.
3. DifferentiatebetweenrigidandflexiblePCBsbasedon the substratematerial.
4. Classifydifferent types of PCBs(single-sided, double-sided, and multi-layer) based on their

construction.
5. Describethe useof through-holeandsurface-mount technologiesfor componentmounting.
6. Recognizecommonapplicationsfor eachtypeof PCB.

1.3.1 Composition of a PCB

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

Unit Objectives

Fig. 1.3.1: Layers of a PCB

SubstrateLayer

ω This is the baselayer, typically composedof a dielectric material (an electrical insulator). The

nature of the substratematerialdetermineswhether the boardwill be a RigidPCBor a Flexible

PCB.

ω FR-4 (FlameRetardant4) is the most common substratematerial used today. It is a woven

fiberglassfabric bound with an epoxyresin,providinga solid core that givesthe PCBits rigidity

andthickness.

ω SomelessexpensivePCBsusesubstratesmadeof phenolicsandepoxies. Thesearenot asdurable

asFR-4, haveadistinctodor,andarecommonlyfoundin low-endconsumerelectronics.

ω Phenolicshavea low decompositiontemperature,whichcancausethem to delaminateor blister

if exposedto solderingheatfor anextendedperiod.

Telecom Surface Mount Technology (SMT) Technician
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CopperLayer

ω 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.

ωMost PCBshavea copperlayeron at leastoneside. Double-sidedPCBshavecopperon both sides

of the substrate.

ω Thethicknessof the copper layer is measuredin ouncesper squarefoot (oz/ft2). Oneounceof

copperspreadevenlyoveronesquarefoot resultsin a thicknessof approximately35micrometers

(˃Ƴ).

ω A thicknessof 1 oz/ft2 is standardfor most PCBs. However,applicationsrequiringhighercurrent

capacitymayusethickercopperlayers,suchas2 or 3 oz/ft2.

SolderMaskLayer

ω This is a protective polymer layer applied over the copper traces to insulate them. Its primary

function is to prevent short circuitsby protecting the copperfrom accidentalcontact with other

conductivematerials,aswell asto preventoxidationof the copper.

ω Thesoldermaskistypicallygreen,but it isavailablein variouscolors,includingred,blue,black,and

white.

ω Thesoldermaskhasopeningsfor the padswherecomponentsareto besoldered.

SilkscreenLayer

ω Thesilkscreenis the final layerappliedon top of the soldermask. It is usedto print text, symbols,

andoutlinesthat provideimportant informationfor assemblyandtroubleshooting.

ω Silkscreenlabelscanindicatecomponentdesignators(e.g., R1, C2), polarity markings,component

outlines,pin functions,andother usefulinformation.

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

used.

ω Usingasinglecolorfor the silkscreenisstandardpracticeto ensureclarityandreadability.

PCBsare categorizedbasedon the numberandarrangementof their conductivelayers. Thefollowing

arethe mostcommontypes:

1. Single-SidedPCB

ωThisis the simplesttypeof PCB,with conductivecoppertracesandelectroniccomponentson only

onesideof asinglesubstratelayer.

ωComponentsare insertedfrom the non-coppersideandtheir pinsaresolderedto the copperpads

on the other side.

ωTheseareusedin low-cost,low-complexityelectronicdevicessuchascalculators,coffeemachines,

andsimplecontrolboards.

1.3.2 Types of PCBs
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2. Double-SidedPCB

ω Thistypeof PCBhasconductivecopperlayerson both the top andbottom sidesof the substrate.

ω Holesare drilled throughthe boardandplatedwith copper(vias)to electricallyconnectcircuits

ononesideto the other.

ω Componentscanbemountedusingtwo maintechnologies:

ω Through-HoleTechnology(THT): Componentleadsare insertedthrough holesin the boardand

solderedto padson the oppositeside. Thiscreatesastrongmechanicalconnection.

ω Surface-Mount Technology(SMT): Componentsare soldereddirectly to padson the surfaceof

the board, without using through-holes. This allows for smaller components and higher

componentdensity.

ω Double-sided PCBsare widely used in applicationslike amplifiers,power supplies,and HVAC

systems.

Multi -LayerPCB

ωMulti-layer PCBsconsist of three or more double-sided PCBs(or more) laminated together,

separatedby layersof insulatingmaterial(prepreg).

ω Theseboardsare bondedusingspecializedadhesivesand heat, creatinga complex,integrated

structure.

ω Viascanconnectlayerson the top, bottom, or anyinternal layers,allowingfor veryhigh-density

andcomplexcircuitdesigns.

ω Thethickestmulti-layerPCBdevelopedwasreportedly50layersthick.

ω Theseboards are essential for high-performanceand complex applicationssuch as satellite

systems,data storagedevices,GPStechnology,and high-speedcomputing. Their multi-layered

structure helps in reducingelectromagneticinterference and allows for shorter signalpaths,

enablingfasteroperation.

ACopperCladLaminate(CCL)is the fundamentalbasematerialusedto manufacturePCBs. It consistsof

a reinforcingmaterial(suchasfiberglasscloth or woodpulppaper)that is impregnatedwith a resinand

then laminatedwith a copperfoil on one or both sides. Thisraw material is then processedto create

the final PCB.

1.3.3 Copper Clad Laminates (CCL)

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

Telecom Surface Mount Technology (SMT) Technician
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Thefollowingfigureliststhe performancerequirementsfor CCLs:

Fig. 1.3.3: Performance requirements for CCLs
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By the end of this unit, the participants will be able to:

Thefollowingfigureliststhe stepsof designingaPCB:

1. Listthe stepsinvolvedin PCBdesigningprocess.
2. Identifyvariousinspectionchecksto beperformedduringPCBdesignandfabrication.
3. Performcleaningof printed circuitboardsbeforethe pattern transferprocess.
4. ListkeyIPCstandardsrelevantto PCBdesigningandmanufacturing.

1.4.1 Steps of PCB Designing

UNIT 1.4: PCB Designing Concepts

Unit Objectives

Designingthe PCB

Ablueprint ispreparedby the designerfor the PCB,consideringall the specifications.

Thefollowingarethe stepsof designingthe PCBusingsoftware:

ω The software encodesall information required by the designer,suchas the amount of solder

masksrequired, the number of copper layersneededand the piecesof componentnotation

required. Thedesignsoftware most widely usedby the PCBdesignersis ExtendedGerber,also

knownasIX274X.

ωOncethe designblueprint getsencodedby the software, the designis checked,consideringall

aspects,to ensurethat thereareno errors.

ωWhenthe checkingisdone,the designissentout to aPCBfabricationhouseto bebuilt.

ω Thefabricatorchecksthe PCBdesignplan, known asa Designfor Manufacture(DFM)check,to

verify that the designmeetsthe tolerancesrequiredfor the manufacturingprocess.

Fig.1.4.1:Stepsof designinga PCB

Telecom Surface Mount Technology (SMT) Technician
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Printingthe Designon PCBLayers

Whenall requiredchecksarecomplete,a plotter printer prints the designon the PCBlayersby making

a άŦƛƭƳέof the 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

ω Blackink denotesthe coppertracesandcircuitsof the PCB.

ω ClearInkdenotesthe non-conductiveareasof the PCBsuchasthe fibreglassbase.

OuterLayers

ω Clearink denotesthe lineof copperpathways.

ω Blackink denotesthe areasfrom wherecopperwouldberemoved.

Thereareseparatefilms for eachPCBlayerandits soldermask. Fora two-layerPCB,there will be four

sheets:

ω Onefor eachlayer

ω Onefor the soldermaskof eachlayer

The films are lined up after being printed. A hole is punched through the films. It is referred as

registrationholeandit helpsin aligningthe filmsin later process.

PrintingCopperfor the InnerLayers

Oncethe designgetsprinted on the laminate,copperispre-bondedto it whichactsasthe structurefor

the PCB. Thefollowingfigureliststhe stepsof the printingprocess:

ω Thecopperisetchedawaysothat the earlierblueprint isrevealed.

ω Thelaminatepanelis then coveredwith a photo-sensitivefilm calledresist,whichconsistsof a layer

of photo-reactivechemicals.

ω Thesechemicalshardenwhentheyareexposedto ultraviolet light.

ω Resisthelpsto obtainaperfectmatchbetweenthe photosof the blueprintandwhat getsprinted to

the photo resist.

ωOncethe resist,alongwith the laminate,is linedup,ultraviolet light ispassedthroughit.

ω Thephoto resistgetshardenedwhen the ultraviolet light passesthrough the translucentparts of

the film, therebyindicatingthe areasof coppermeantfor the pathways.

ω Theblackink preventsthe light from reachingthe areaswhich are not meant to hardenand they

areremovedlater.

ω Theboardis then washedwith analkalinesolutionsothat anyleftover from the photo resistcanbe

removed.

ω After that, the board is pressure-washedfor removingany leftover from the surfaceand is left to

dry.

ωWhenthe PCBisdried, the resistshouldonly be left on top of the copper,whichremainsaspart of

the PCB.
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Atechnicianneedsto checkthe PCBto ensurethat thereareno errors.

GettingRidof the UnwantedCopper

Theunwantedcopper(not protectedby the photo resist)is removedusinganotherpowerful chemical

like analkalinesolution. After this the hardenedphoto resistshouldbe removedusinganothersolvent,

leavingthe coppernecessaryfor the PCB.

InspectionandAlignmentof the Layers

After cleaningthe layersof the PCB,theyarealignedusingthe holes. Thelayersareplacedon anoptical

punch. Thepunchalignsthe holesbydrivingapin downthroughthem.

Thelayersare then passedthrough an optical inspectionto ensurethat they are free of defects. The

PCBis inspectedby automatedoptical inspection(AOI)machineandthe designon it is comparedwith

the specifieddesignreceivedfrom ExtendedGerbersoftware. After the PCBpassesthe inspection,it is

movedon to the laminationprocess.

Laminatingthe layersof the PCB

Oncethe layerspassthe AOI inspection,they are ready to be joined together. The following figure

explainsthe two-stepprocessof laminating:

Step1: Lay-up

ω Theoutsideof the PCBisconstructedof fibreglassandpre-coatedwith anepoxyresin.

ω Thesubstrateiscoveredwith a thin copperfoil containingetchingsfor coppertraces.

ω Thesandwichingof the layersandthe substrateisdoneusingmetal clampson a specialpresstable

whereeachlayeris fit usingaspecialisedpin.

ω Thelayer of pre-coatedepoxyresin is known as pre-impregnatedor prepreg. It is placedon the

alignmentbasinof the table.

ω Thesubstrateis then placedover it, followedby a copperfoil layer,whichis then followedby more

sheetsof pre-impregnatedresin.

ω Thena lastpieceof copperknownasapressplateisplaced.

ω Thestackof layersis pressedtogether usinga mechanicalpress. Pinsare puncheddown through

the layersensuringthat theyarefixedproperly.

Step2: Laminate

ω Thestackwith fixedlayersis then takento the laminatingpressthat usesa pairof heatedplatesfor

applyingheat and pressureto the layers. Theepoxymelts due to the heat and the pressureand

fusesthe layersof PCBtogether.

ω It is requiredto removethe top pressplateandthe pinsandthenpull the actualPCBfree.

Drilling

Followingarethe stepsfor drillingholeson the PCB:

ωBeforedrilling,the drill spotsarelocatedusinganX-raymachine.

ω Then,the registrationholes are drilled to securethe PCBstackbefore drilling the more specific

holes.

ω The specificholes are drilled automatically by using a computer- guided drill, consideringthe

ExtendedGerberdesignfile asaguide.

Theadditionalcopper,left at the edges,needsto bescrapedoff after drillingiscompleted.

Telecom Surface Mount Technology (SMT) Technician



46

Participant Handbook

PCBPlating

Theplatingprocessfusesthe layersof the PCBtogether through bathingprocessin which it is passed

through variouschemicals. A micron-thick copperlayer is usedto coat the panel. Thecopperlayer is

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

panel are exposedthrough the holesbefore they are filled with copper. The walls of the holesget

coveredafter beingbathedin copper.

ImagingandPlatingOuterLayer

Theoutsidelayersthen needto be imaged.

Theprocessof platingthe outer layers:

ω Theyarecoatedin photo resistandimaged.

ω Thentheyareplatedin the samewayasthe interior layers.

ω Theouter layersareplatedwith tin to protect the copperof the layersduringthe etchingprocess.

TheLastEtching

In this process,the unwanted copper is removedusingcopper solvent. The tin plating protects the

requiredcopperof the etchingarea.

The PCBpanels are sent for solder masking when the removal of unwanted copper and the

establishmentof connectionsaredoneproperly.

Applicationof SolderMask

Beforethe panelsaremasked,they arecleaned. Thefollowingfigureshowsthe stepsof applyingsolder

mask:

ω Anink epoxyin combinationwith soldermaskfilm isthen appliedto the cleanedPCBpanels.

ω Theboardsarepassedthroughultraviolet light andcertainportionsof the soldermaskaremarked

for removal.

ω After the unwantedsoldermaskis removed,the PCBiskept insideanovenandbakedto allowthe

soldermaskto becured.

Finishingthe PCBandSilk-screening

In the finishingprocess,in order to protect the copper,the boardis platedwith hot air solderlevelling

(HASL),goldor silver. Theplatingisalsodoneto enablethe solderingof the componentsto pads.

Once the plating is done, all the important information, for example, company ID numbers

manufacturermarksand warning labels,are printed on the boardsusingthe silk-screeningprocess.

After silk-screeningthe PCBappropriately,it ispassedthroughfinal curingstage.

ElectricalReliabilityTesting

Once the board has been cured, the technicianneeds to ensure the functionality of the PCBby

conductingelectricaltestssuchascircuit continuity and isolationtests,on different areasof the PCB.

Seebelowthe purposeof the electricaltests:

Å Circuitcontinuitytest: It checksfor anydisconnectionsin the PCB,knownasάƻǇŜƴǎ.έ

Å Circuitisolationtest: It checksthe isolationvaluesof variouspartsof the PCBto 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.

Besidesthe basicelectricalreliability testing,someother testsare performedto determinewhether a

PCBisfunctional. Thefollowingfigureshowsanexampleof suchfunctionalitytest:

TheάōŜŘof ƴŀƛƭǎέtest is done to checkthet/.Ωǎperformanceunder high-pressurecontact. Several

springfixturesareattachedto the test pointson the boardandthen the test pointsaresubjectedto up

to 200gof pressure.

If the PCBpassesall the tests,it canbemovedfor cutting.

CuttingandProfiling

Cuttingandscoringis the laststagethat involvescuttingout PCBsfrom the originalpanel. Thefollowing

figureliststhe two waysof cuttingthe PCBsfrom their originalpanels:

ωUsingaCNCmachineor router, whichcutsout smalltabsaroundthe edgesof the PCB

ωUsingaV-groove,whichcutsadiagonalchannelalongthe sidesof the board

Usually,the individualboardsfrom the PCBpanelsare routed out andscored. Thisprocessenablesthe

separationof the panelsfrom the constructionboardwhen they are assembled. Oncethe boardsare

separated,a final inspectionisperformed. Followingarethe inspectionchecksto beperformed:

ω Theboardsare checkedfor generalcleanlinessto ensurethat there are no sharpedges,burrs or

other manufacturinghazards.

ωSlots,chamfers,bevelsand countersinksare addedduring the routing and fabricationprocess,as

necessary.

ω If anyshortsarerepaired,the shortedboardsarere-testedusingthe electricalreliability tests.

ωA visual inspection can be conducted, if necessary,to ensure that boards meet industry

specificationsandmatchup to the detailslaidout in Gerberdata.

ω Thevisualinspectioncanalsobe done to verify the hole sizesand the physicaldimensionsof the

PCB.

It isusuallyassumedthat the boardsarecleanenoughto start the printingprocessandoften paperrolls

areusedto cleanthe boards. However,thisshouldnot bedoneasthe boardsgetmicrofibresor lint due

to cleaningwith cheapwipes. Thesemicrofiberscausevariousdefectsin the boards,thusincreasingthe

costof production. Hence,it is highly recommendedthat the boardsare properly cleanedbefore the

printingprocess.

Theboardscanbe cleanedin a dip-tank cleanerthat hasa specialultrasoniccleaningcapability. If the

volumesof the boardsare high, then it is recommendedto usethe vapourdegreaserasit hasa high

throughputanduseslesselectricitycomparedto the aqueoussystem.

1.4.2 Cleaning of Boards before Pattern Transfer

Telecom Surface Mount Technology (SMT) Technician
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Followingarethe standardspublishedby IPC:

Generaldocuments

ω IPC-T-50TermsandDefinitions

ω IPC-2615PrintedBoardDimensionsandTolerances

ω IPC-D-325DocumentationRequirementsfor PrintedBoards

ω IPC-A-31FlexibleRawMaterialTestPattern

ω IPC-ET-652GuidelinesandRequirementsfor ElectricalTestingof UnpopulatedPrintedBoards

Designspecifications

ω IPC-2612SectionalRequirementsfor ElectronicDiagrammingDocumentation(SchematicandLogic

Descriptions)

ω IPC-2221GenericStandardonPrintedBoardDesign

ω IPC-2223SectionalDesignStandardfor FlexiblePrintedBoards

ω IPC-7351BGenericRequirementsfor SurfaceMount DesignandLandPatternStandards

Material specifications

ω IPC-FC-234 PressureSensitiveAdhesivesAssemblyGuidelinesfor Single-Sidedand Double-Sided

FlexiblePrintedCircuits

ω IPC-4562MetalFoilfor PrintedWiringApplications

ω IPC-4101LaminatePrepregMaterialsStandardfor PrintedBoards

ω IPC-4202FlexibleBaseDielectricsfor Usein FlexiblePrintedCircuitry

ω IPC-4203AdhesiveCoatedDielectricFilmsfor UseasCoverSheetsfor FlexiblePrintedCircuitryand

FlexibleAdhesiveBondingFilms

ω IPC-4204FlexibleMetal-CladDielectricsfor Usein Fabricationof FlexiblePrintedCircuitry

Performanceandinspectiondocuments

ω IPC-A-600Acceptabilityof PrintedBoards

ω IPC-A-610Acceptabilityof ElectronicAssemblies

ω IPC-6011GenericPerformanceSpecificationfor PrintedBoards

ω IPC-6012QualificationandPerformanceSpecificationfor RigidPrintedBoards

ω IPC-6013Specificationfor PrintedWiring,FlexibleandRigid-Flex

ω IPC-6018 Qualificationand PerformanceSpecificationfor High Frequency(Microwave)Printed

Boards

ω IPC- 6202IPC/JPCAPerformanceGuideManualfor SingleandDoubleSidedFlexiblePrintedWiring

Boards

ω PAS-62123PerformanceGuideManualfor Single& DoubleSidedFlexiblePrintedWiringBoards

ω IPC-TF-870QualificationandPerformanceof PolymerThickFilmPrintedBoards

1.4.3 IPC Standards



49

IPC,a standarddevelopingorganisationby the AmericanNationalStandardsInstitute (ANSI),is globally

recognisedfor its standards. Theacceptabilitystandards,widely usedin the electronicsmanufacturing

industryarepublishedby IPC.

IPC-A-610, Acceptabilityof ElectronicAssemblies,isusedby EMScompaniesandthe originalequipment

manufacturersacrossthe world.

Flexassemblyandmaterialsstandards

ω IPC-FA-251AssemblyGuidelinesfor SingleandDoubleSidedFlexiblePrintedCircuits

ω IPC-3406Guidelinesfor ElectricallyConductiveSurfaceMount Adhesives

ω IPC-3408GeneralRequirementsfor AnisotropicallyConductiveAdhesivesFilms

IPCstandardsrelatedto PCBdesignandmanufacturingflow:

Fig.1.4.2:IPCstandardsrelatedto PCBdesignandmanufacturingflow
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ShortQuestions:

1. Definethe four basicelectricalquantitiesandtheir units.

2. Explaintwo factorsaffectingthe resistanceof aconductor.

3. Differentiatebetweenseriesandparallelcircuitsin termsof currentandvoltagedistribution.

4. Statetwo applicationsof transistorsin electronics.

5. Listanythree typesof powersuppliesandbrieflydescribetheir use.

Fill in the Blanks:

1. Theunit of electriccurrent is__________.

2. Theresistanceof aconductorisdirectlyproportionalto its __________andinverselyproportional

to its __________.

3. hƘƳΩǎLawismathematicallyexpressedas__________.

4. Thetruth table isusedto representthe functionof __________.

5. Atoggle,push-button, andDIParetypesof __________.

Multiple ChoiceQuestions(MCQs):

1. Whichof the followingisnot abasicelectricalquantity?

a)Voltage

b) Current

c)Resistance

d) Frequency

2. Theresistanceof aconductorincreaseswith:

a)Increasein length

b) Decreasein temperature

c)Increasein cross-sectionalarea

d) Useof high-conductivitymaterial

3. Whichlawdefinesthe relationshipbetweenvoltage,current,andresistance?

a)CŀǊŀŘŀȅΩǎLaw

b)hƘƳΩǎLaw

c)!ƳǇŜǊŜΩǎLaw

d)/ƻǳƭƻƳōΩǎLaw

Participant Handbook



4. Adiodeiscommonlyusedfor:

a)Switchingonly

b) Rectification

c)Amplification

d) SignalTransmission

5. Whichtypeof powersupplyiscommonlyusedfor energyefficiencyin modernelectronics?

a)LinearPowerSupply

b) SwitchingPowerSupply

c)UPS

d) Battery

51
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2. Screen Printing of 
Telecom Boards

TEL/N2503

Unit 2.1 ςScreen Printing Process

Unit 2.2 ςPre-baking of Board

Unit 2.3 ςScreen-Printing Machines

Unit 2.4 ςInspection of Solder Paste Printing



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

Key Learning Outcomes

55

1. Demonstratethe correctprocedurefor applyingsolderpasteon a PCB.

2. Identifyandlist the toolsandaccessoriesrequiredfor screenprinting.

3. Explainthe keyparametersinfluencingthe screen-printingprocess.

4. Performthe stencilcleaningprocesseffectively.

5. Analyzethe importanceof the bakingprocessin PCBassembly.

6. Identifyovenspecificationsandrequirementsfor performingbakingoperations.

7. Listandexplainthe factorsthat influencebakingtime andtemperaturefor effectiveresults.

8. Differentiate between various types of screen-printing machinesbased on functionality and
application.

9. Listthe keyfeaturesof equipmentusedfor detectingsolderpasteprintingdefects.

10. Differentiatebetweendifferent inspectionmethodsusedin solderpasteprinting.

11. Analyzethe causesof commonsolderpasteprint inspectionoutcomes.

12. Listsolderpasteprintingdefectsalongwith their acceptanceandrejectioncriteria.
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By the end of this unit, the participants will be able to:

1. Demonstratethe step-by-stepprocessof applyingsolderpasteaccuratelyon a PCB.
2. Identifyandlist the essentialtoolsandaccessoriesusedin the screen-printingprocess.
3. Explainthe criticalparametersthat influencethe qualityandeffectivenessof screenprinting.
4. Performthe stencilcleaningprocessusingstandardproceduresto ensuredefect-freeprinting.

UNIT 2.1: Screen Printing Process

Unit Objectives

2.1.1 Applying Solder Paste

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
(typicallymadeof stainlesssteel)with predefinedaperturesis placedover the PCB. Solderpasteis
then depositedonto the copperpadsby movinga squeegeeacrossthe stencil. Thesqueegee,heldat
an angleof approximately45ϲto 60ϲ, pushesand rolls the solderpaste into the stencil apertures,
ensuringprecisedepositionon the pads. Thisstep is critical, as accuratepasteapplicationdirectly
influencesthe qualityof solderjoints in the subsequentreflow process.

Fig. 2.1.1: The way of applying the solder paste on the board

Telecom Surface Mount Technology (SMT) Technician
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2.1.2 Parameters of Printing Process

The following figure lists the key parameters of an effective solder paste printing:

Fig. 2.1.7: Key parameters of an effective solder paste printing

Squeegee Speed

The available time for the solder paste to get rolled into the stencil apertures and then onto 
the PCB pads depends on the speed of the squeegee. Typically, squeegee speed is set at 25mm 
per second but this may vary on the basis of the ŀǇŜǊǘǳǊŜΩǎ size and the type of solder paste 
used.

Squeegee Pressure

Sufficient pressure is required to be applied along the length of the squeegee blade during the 
print cycle to achieve a clean wipe of the stencil. The following figure lists the effect of 
insufficient squeegee pressure on the PCB:

Too little pressure can cause smearing of the paste on the stencil, poor 
deposition and incomplete transfer to the PCB.

Too much pressure can cause scooping of the paste from larger apertures, 
excess wear on the stencil and squeegees and bleeding of the paste 
between the stencil and the PCB.

Fig. 2.1.8: Effect of insufficient squeegee pressure on the PCB

Typically, the pressure is set at 0.5Kg per 25mm of squeegee blade.

Stencil Separation Speed

It is the speed at which the PCB gets separated from the stencil after printing. The aperture 
size governs the speed. Typically, the speed of up to 3mm per second needs to be used. If 
separation is too fast, it will not allow the solder paste to be fully released from the apertures. 
Also, high speed will cause dog-ears, which is the formation of high edges around the deposits.

Squeegee speed Squeegee pressure
Stencil separation  

speed
Stencil cleaning

Stencil and  
squeegee 
condition

PCB support Print stroke
Type, storage and  

handling
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The following image shows dog-ears formation in solder paste printing:

Fig. 2.1.9: Dog-ears formation in solder paste printing

Condition of Stencil and Squeegee

Squeegees and stencils need appropriate storage facilities and need to be maintained 
carefully. If any mechanical damage occurs to them it may cause undesired results. Before 
they are used, they need to be checked properly. After being used, they should be thoroughly 
cleaned to eliminate any solder paste residue. An automated cleaning system is ideally used 
to clean them. If any damage to the squeegees or stencils is detected, they should be promptly 
replaced. This is required to ensure that the process is reliable and repeatable.

PCB support

During the printing process, the PCB is required to be held flat against the stencil. It needs to 
be well supported and secured otherwise printing defects can occur such as smudging and 
improper paste deposit. The PCB supports that come with the printing machines generally 
permit a certain fixed height. These supports have the provision for programmable positions 
to ensure a consistent process. These adaptable PCB supports are available in different 
designs. These are useful for the double-sided assemblies and can mould themselves as per 
the PCB. The following image shows an adaptable PCB support in use:

Fig. 2.1.10: An adaptable PCB support in use

Print Stroke

The distance that is travelled by a squeegee across a stencil is known as a print stroke. The 
distance recommended for a stroke past the furthest aperture is at least 20mm. This distance 
is essential as it gives the required space to the paste to roll on its return stroke. The downward 
force that is generated due to the rolling of the solder paste bead propels the paste inside the 
apertures.

Telecom Surface Mount Technology (SMT) Technician

58



Type of Solder Paste, its Storage and Handling

The solder paste of correct type should be selected depending on the size of the aperture. The 
particle size within the solder paste affects the release from the apertures. The following table 
lists the available particle sizes:

Particle size in microns Particle type

75-45 2

45-25 3

38-20 4

25-15 5

15-5 6

Table 2.1.1: Available particle sizes

There is a Ψр ball ǊǳƭŜΩ stating that at least 5 solder particles should span across the width of
the smallest aperture. The following figure shows the 5-solder ball rule:

Fig. 2.1.11: 5 solder ball rule

Both types of solder paste, Tin-Lead and Lead-Free, need to be stored in a refrigerated place 
to maintain their shelf-life. But before using the paste, it must be brought to room 
temperature for at least eight hours for maintaining the quality. The paste should be mixed 
well manually or automatically for one to three minutes before being used. This needs to be 
done to achieve even distribution of the components throughout the paste. The following 
figure explains the expiry of solder paste:

Solder paste that has been in use for more than 8 hours should be disposed 
off.

Solder paste which has been in use for up to 4 hrs can be stored for up to 24 
hours in a sealed container at room temperature before being re-used 
depending upon data sheet of solder paste used

Fig. 2.1.12: Expiry of solder paste

The working environment that includes relative humidity and ambient temperature affects 
the performance of the paste. A basic coalescence test may be performed to check the paste 
condition.
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2.1.4 Stencil Cleaning Process

A regular cleaning of the stencil is a must. It can be done manually or automatically. Most of 
the automatic printing machines provide a system that can be set up in such a way that it 
cleans the stencil after a pre-defined number of prints. It does this by wiping with a lint-free 
material along with using a cleaning chemical such as IPA. The system carries out following 
two functions:

¶ Cleaning the underside of stencil in order to stop smudging

¶ Cleaning the apertures using vacuum in order to stop blockages

The following images show the defects that occur when the stencil is not cleaned:

Fig. 2.1.13: Defects when the stencil is not cleaned

The following image shows the stencil cleaning rolls:

Fig. 2.1.14: Stencil cleaning rolls

Telecom Surface Mount Technology (SMT) Technician
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By the end of this unit, the participants will be able to:

1. Analyzethe purposeandimportanceof the bakingprocessin PCBassembly.
2. Identify the ovenspecificationsandrequirementsnecessaryto performeffectivebaking.
3. List and explain the factors that influence baking time and temperature for achievingreliable

results.

UNIT 2.2: Pre-baking of Board

Unit Objectives

2.2.1 Need of Baking Process

Baking process may be essential for the removal of any residual moisture which may get absorbed 
into the PCB during the period between its fabrication completion and exposure to assembly 
soldering. Ideally, the PCBs should be dry packed by the manufacturers adhering to the printing 
board handling and storage guidelines (IPC-1601), where the moisture content is controlled as per 
the specifications. However, there may be chances that lead to increased moisture contents in the 
PCB once it is opened from the packaging for the screen-printing process. The increased moisture 
content in the PCB may lead to delamination of the PCB once it is put into the soldering process. 
The following image shows delamination and blistering defects:

Fig. 2.2.1: Delamination and blistering defects

The moisture content can be checked with a humidity indicator card. The following image 
shows a humidity indicator card:

Fig. 2.2.2: Humidity indicator card

Telecom Surface Mount Technology (SMT) Technician
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It is highly recommended that a printed board fabricator should control the moisture content 
of the PCB during the fabrication process before placing it in protective packaging. This is 
needed to avoid the baking process. The baking of board should be done only when it is 
required as excess baking reduces solderability. It also increases the cost as well as the cycle 
time.

Baking should be performed in a forced air recirculating oven, though effectiveness may be 
improved by reducing the relative humidity or vapour pressure in the oven, such as through 
baking in vacuum or nitrogen atmosphere. The oven that is used for baking, should not only 
be vented but also be able to maintain the required temperature along with the relative 
humidity (RH) as less than 5%. The oven should be free of contamination. Contaminants such 
as silicones can deposit on the surface of the board. Sufficient space should be maintained 
between the printed boards for heated air to circulate and remove the moisture.

The following figure lists the factors that affect the time and temperature required for 
effective baking:

Moisture content of the printed board

Desired degree of dryness after the bake

Moisture desorption characteristics of the laminate 

Overall printed board thickness

Locations and structures of copper plane layers 

Design features such as plated edges

Fig. 2.2.3: Factors that affect the time and temperature required for effective baking

The following table shows the typical recommendations for oven settings:

Table 2.2.1: Typical recommendations for oven settings

If the boards are baked in stacks, the maximum recommended stack height is 25.4mm (1.0in) 
to ensure that heating is uniform throughout the stack. Stacks are typically baked for two 
hours at 105-120 ºC. The material should be cooled as fast as possible in a dry environment as 
hot material in a humid atmosphere will reabsorb moisture rapidly.



2.2.2 Solder Paste Thawing

Solderpasteisa criticalmaterialin surface-mount technology(SMT),consistingof tiny solderspheres
suspendedin a flux medium. For optimal performance,it must be stored under specificconditions
andproperlypreparedbeforeuse.

SolderPasteStorageandHandling
Solderpaste is typicallystored in a refrigeratedenvironmentat a low temperature,usuallyaround
5ϲC, to maintain its consistencyand extend its shelf life. To ensure freshnessand prevent using
expiredmaterial,a First-In,First-Out(FIFO)inventorymanagementsystemshouldalwaysbe followed.

ThawingProcess:
Beforebeingusedin a solderpasteprinter, the cold solderpastemust be brought to the ambient
temperature of the shop floor. Thisprocess,known as thawing, is essentialto ensurethe paste's
viscosityis correct for printing. Usingcold pastecanlead to improper flow, poor stencilrelease,and
defects.
To thaw the paste, it's typically removedfrom cold storageand allowed to sit in a cool, controlled
area. Formore preciseandacceleratedthawing,a solderpastethawingapparatusis often used. This
machinegentlyagitatesthe solderpastecontainer,ensuringa uniform temperatureandconsistency
throughout the paste. Thespeed(RPM)anddurationof the agitationare determinedby factorssuch
as:
ωTheinitial coldstoragetemperature.
ωThesizeof the solderspheresin the paste.
ωThemanufacturer'srecommendations.

Post-ThawingInspection
Oncethawed,the solderpastemustbe inspectedto confirmit is readyfor use. Technicianscheckfor:
ωSolidLumps: Presenceof solidclumpsindicatesimproperthawingor degradation.
ωAir Bubbles: Bubblescanleadto voidsin the solderjointsafter reflow.
ωFluxSeparation: Visibleseparationof the solderspheresfrom the flux indicatesthe pasteis not

a homogeneousmixture.
If any of these issuesare detected, the pasteshouldeither be re-thawed (if the issueis minor) or
discardedto preventprintingdefects.

Typesof ThawingEquipment
Modern thawing equipmentcomesin variousdesigns,offering different featuresto suit production
needs:
ω ContainerCapacity: Machinescanthaw multiplecontainersat once,improvingefficiency.
ω SpeedControl: Somemachinesoffer variablespeedsettings,allowingfor precisecontrol based

on different pastetypes.
ωMaintenance: Equipmentis designedfor low maintenance,assolderpastecansometimesspill

andcontaminateinternalcomponents.
Properthawingand inspectionare critical stepsin the SMTassemblyprocess,directly impactingthe
qualityandreliabilityof the solderjoints.

Telecom Surface Mount Technology (SMT) Technician
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SolderPasteStencils
A solderpastestencil is a thin sheetof material, typicallystainlesssteel,with precision-cut openings
(apertures)that correspondto the surfacemount padson a PCB. Createdfrom the PCB'sCADdata,
the stencilisusedin the printingprocessto deposita preciseamountof solderpasteonto the pads.

FabricationandUse
Stencilsare often laser-cut to achieve the high precision required for modern electronics. The
material canbe coatedor plated to improvepastereleaseand ensurea smoothapplication. During
the printingprocess,the stencilisalignedwith the PCB,anda squeegeebladeisusedto spreadsolder
pasteacrossits surface. Thepasteis forcedthroughthe apertures,leavinga uniform depositon each
pad.

Theprocesstypically takes15-45secondsper board
After printing, the board is often inspectedusingan automatedoptical inspection(AOI)systemto
verify the quality and volumeof the pastedeposit. Thestencil is then cleanedbefore beingusedfor
the nextboard.

Advantagesof Usinga SolderPasteStencil
Usinga solderpastestenciloffersnumerousbenefitsthat arecrucialfor efficientandhigh-qualityPCB
assembly:
ωUniformity and Precision: Stencilsensure that the correct amount of solder paste is applied

uniformly to every pad, resulting in consistentand reliable solder joints. This is a significant
advantageovermanualapplication.
ωEfficiency: Theyenablethe entire boardto be printed with solderpastein a singlestep,drastically

reducingthe time andeffort requiredcomparedto applyingpasteto eachpadindividually.
ωHigh Accuracy: Stencilsprovide excellent positional accuracyand are essential for fine-pitch

components,whichhaveverysmallpadsandtight spacing. Theirusesignificantlyreducesthe risk
of defectslikebridging(soldershorts)andinsufficientpaste(opencircuits).
ωProcessControl: Bycontrollingthe volumeandshapeof the pastedeposit,stencilshelp to make

the assemblyprocessreliableandrepeatable,leadingto higheryieldsandreducedrework.

2.2.3 Temperature and Humidity Control in SMT Manufacturing

Properenvironmentalcontrol is critical in SurfaceMount Technology(SMT)manufacturingto prevent
defects and ensureproduct quality. Uncontrolledtemperature and humidity can negativelyaffect
solderpasteperformanceandmoisture-sensitivecomponents.

RelativeHumidity (Rh)
Relativehumidity is the measureof water vapor in the air relative to the maximumamount the air
can hold at a given temperature. Controlling it is essentialfor the reliability of solder joints and
components.
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HighHumidity
Highhumiditycancausesolderpasteto absorbexcessivemoisture,leadingto:
ω Slumping: The paste becomestoo fluid and spreadsout, causingbridging (unwanted solder

connections)betweenadjacentpadsduringreflow.
ω Solderballing: Trappedmoisturerapidlyboilsduringreflow, violentlyexpellingsolderparticlesand

creatingsmallspheresof solderawayfrom the joint.
ω Popcorning: Thisis a term usedto describethe effect on Moisture SensitiveComponents(MSCs).

Moisture absorbed by the component packageexpands rapidly during reflow, causing the
packageto crackor evenexplode.

LowHumidity
Lowhumiditycancausethe flux in solderpasteto dry out too quickly. Thisresultsin:
ω PoorStencilRelease: Thedried pastecanstickto the stencil,leadingto incompletedepositionon

the PCBpads.
ω InsufficientSolderJoints: Thelackof properpastevolumecanresult in weakor opensolderjoints.

Temperature
Temperaturedirectlyaffectsthe viscosityof solderpasteandthe behaviorof components.
I. HighTemperature
Hightemperaturesreducethe viscosityof solderpaste,causingit to becometoo thin. Thiscan lead
to:
ω Slumpingand Smearing: The paste becomesoverly fluid and spreads,potentially leadingto

bridging.
ω Voiding: Excessiveheat can causegassesin the paste to escapetoo quickly, creating voids

(emptyspaces)within the finishedsolderjoint.
ωOxidation: Highertemperaturesacceleratethe oxidationof both solderpasteand component

pads,whichcaninhibit properwettingandcreateweaksolderconnections.

II. LowTemperature
Lowtemperaturesincreasesolderpasteviscosity,makingit too thick. Thiscancause:
ω PrintingDefects: Thepaste is too stiff to roll properly, leadingto inconsistentpastevolume,

incompleteaperturefilling,andpoorstencilrelease.

AcceptableConditionsandControl
Whileexpertopinionson the optimal rangesvary,a generallyacceptedrangefor mostSMTprocesses
is a temperature of 68-78ϲF (20-25ϲC) and a relative humidity of 40-60%. However, the ideal
conditionscandependon the specificsolderpasteandcomponentsused.
ωMonitoring: Use high-quality humidity and temperature sensorsplacedstrategicallyon the

manufacturingfloor. Regularcalibrationandinspectionof thesesensorsarecrucial.
ω Environmental Control: Invest in a robust HVAC system that can effectively manage

temperatureandhumidity. Adedicateddehumidifierisessentialin humidclimates.
ω Nitrogenin Ovens: Usingnitrogengasin the reflow ovencanhelp reduceoxidation,especially

in environmentswith highhumidity.
ωMoisture-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 beforeassemblyto preventpopcorningduringreflow. Adhering
to the manufacturer'smoistureexposureguidelinesiscritical.
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By the end of this unit, the participants will be able to:

1. Differentiatebetweenthe different typesof screen-printingmachines.

2.3.1 Types of Screen-Printing Machines

UNIT 2.3: Screen Printing Machines

Unit Objectives

In screen-printingandcomponentplacement,therearefour keydimensionsthat mustbecontrolledfor

accuracy:

ω X-axisςHorizontalmovement.

ω Y-axisςVerticalmovement.

ω Z-axisςHeightor pressurecontrol.

ωɸ(Theta)ςRotationalalignment.

Theprecisionwith whichtheseparametersareadjusteddirectly impactssolderpastedepositionquality

and overallassemblyaccuracy. Basedon the level of automationavailableto control thesevariables,

threemaintypesof screen-printingmachinesareusedin PCBassembly.

ManualScreen-PrintingMachine

In a manualscreenprinter, all four parameters(X,Y,Z,andɸύare adjustedmanuallyby the operator.

Thistype of machineis generallyusedfor low-volumeproduction,prototyping, or training purposes,

whereflexibilityandcost-effectivenessaremoreimportant thanhighthroughput.

Theimageshowsthe different partsof a manualscreen-printing machine:

Fig. 2.3.1: Parts of a manual screen-printing machine
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Semi-AutomaticScreen-PrintingMachine

A semi-automatic stencil printer combines manual setup with automated functions to improve

consistencyandreduceoperatoreffort. Typicalfeaturesinclude:

ω Automaticboardclampingandreleasefor easierloadingandunloading,reducingoperatorfatigue.

ω Controlledsqueegeepressureto ensureconsistentpastedeposition.

ω Programmablesqueegeemovementandspeed,improvingrepeatabilityacrossmultipleprints.

ω Visualalignment/assisttoolsto supportaccuratePCBpositioningagainstthe stencil.

ω Semi-automatic machinesare well-suited for medium-volume production, balancingcost and

efficiency.

Fig. 2.3.2: A semi-automatic screen-printing machine

AutomaticScreen-PrintingMachine

An automatic screenprinter provides the highest

level of precision, repeatability, and throughput.

Thesemachinesintegrate advancedfeatures such

as:

ωAutomatic fiducial alignment to control

positioningin X,Y,Z,andɸaxes.

ωAutomated board loading and unloading,

minimizingoperatorintervention.

ωOptimizedprocesscontrol for high-speed,high-

volumeproductionwith consistentquality.

For production environments handling 2,000 or

more boards per day, automatic systems offer

significantbenefitsin termsof labor costreduction,

improved yield, and greater control over the

printingprocess.

Fig. 2.3.3: An automatic screen-printing machine
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Thefollowing table lists the parametersof anautomaticscreen-printing machine:

Parameter Specification Notes

Printing Throughput
~ 4,000 ς6,000 PCB/hr 
(depending on PCB size & 
complexity)

High-speed models achieve 
>6,000/hr with inline 
automation.

Printing Accuracy ± 20ς25 µm @ 6 Sigma
Critical for fine-pitch SMT 
components (<0.5 mm pitch).

Repeatability ± 12ς15 µm
Ensures uniform solder paste 
deposition.

Max PCB Size Typicallyup to 510 ×510 mm
Mid- to high-range machines; 
compact machines may support 
300 × 300 mm.

PCB Thickness Range 0.4 ς6.0 mm
Compatible with standard FR-4 
and specialty boards.

Stencil Frame Size
Adjustable, typically 584 × 584 
ƳƳ όно  ×но ύ

Can support larger with adapter 
kits.

Paste Rolling Speed (Squeegee 
Stroke)

30 ς200 mm/sec
Programmable, depends on 
paste type.

Squeegee Pressure Control Automatic, programmable
Ensures consistent paste fill 
across apertures.

Cleaning System Automatic (dry, wet, vacuum)
Cleans underside of stencil & 
apertures to prevent defects.

Fiducial Alignment
Automatic vision alignment (X, 
¸Σ ½Σ ɸύ

Uses camera to detect PCB 
fiducials for precise registration.

Power Supply
220ς415 VAC, 50 Hz, 3-Phase, 
2ς6 kW

Indian shop-floor compatible.

Compressed Air Requirement ~ 0.5ς0.6 MPa (5ς6 bar)
For pneumatic actuators & 
clamping.

Machine Dimensions
~ 1.5 ς2.0 m (W) × 1.2 ς1.5 m 
(D) × 1.5 ς1.8 m (H)

Mid-range PCB printers; inline 
systems may be longer.

Weight ~ 800 ς1,200 kg
Heavy-duty frame for vibration-
free precision.

Control System Touchscreen + PC-based GUI
Often Windows/Linux based 
with SPC (statistical process 
control).

Environment Requirement Temp: 23 ± 3 °C, RH: 40ς60%
Controlled environment avoids 
solder paste drying/moisture 
issues.

Table 2.3.1: Typical parameters of an automatic screen-printing machine

Telecom Surface Mount Technology (SMT) Technician



71

Participant Handbook

2.3.2 Setting Up a Screen-Printing Machine 

Thefollowingtable liststhe standardvalueof different parametersof ascreen-printingmachine:

Parameter
Standard Values (Corrected & 

Verified)
Notes / Clarifications

Squeegee

Speed 20 ςмрл ƳƳκǎŜŎ όҒмς6 in/sec)

150 mm/sec (6 in/sec) is 
correct, but range depends on 
solder paste type & aperture 
size.

Pressure
5 ςмр b όҒлΦр ς1.5 kg) per 25 
mm of blade length

άлΦр ƪƎέ ŀƭƻƴŜ ƛǎ ǘƻƻ ƭƻǿ τ
pressure is proportional to 
blade length. Typical motion 
speed is set separately, not as 
άнл ƳƳκǎŜŎΦέ

Angle
45°ς60° typical; up to 75° in 
some cases

60° is most common for fine-
pitch SMT printing.

Solder Paste

Thickness 100 ς150 µm (4 ς6 mils)
145 µm is within standard 
range.

Viscosity 300,000 ς1,600,000 cP
Range given is correct (per IPC-
TM-650 & paste datasheets).

Composition (Sn-Pb) Sn 63% / Pb 37% Correct for eutectic solder.

Composition (Lead-Free) Sn 96.5% / Ag 3% / Cu 0.5% Correct (SAC305 alloy).

Stencil

Type
Laser-cut stainless steel (framed 
or frameless, nano-coated 
optional)

Matches industry practice.

Thickness
100 ςмрл ҡƳ όҒлΦллп ς0.006 
in / 4 ς6 mils)

Your values (0.02ς0.16 in = 20ς
160 mils) are incorrect by factor 
of 10. Standard stencil thickness 
is 0.004ς0.006 in, not 0.02 in+.

Environment

Temperature 22 ς25 °C
Correct, stable room 
temperature required.

Humidity 40 ς60% RH

Correct range, though keeping 
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 screen-printing machine



72

Thefollowing imageshowsthe userinterfaceof a screen-printing machine:

Fig. 2.3.4: User interface of a screen-printing machine

SafetyMeasuresfor Screen-PrintingMachineOperation

1. PersonalSafety(OperatorPrecautions)

ω AlwayswearESD-safegloves,shoes,andwrist strapsto preventelectrostaticdischargethat can

damagePCBs.

ω Usesafetyglassesto protecteyesfrom solderpastesplashesor cleaningsolvents.

ω Avoidlooseclothing,jewelry,or longhairnearmovingparts(squeegee,conveyor,stencillift).

ωWashhandsafter handlingsolderpaste,flux,or cleaningchemicalsto preventingestionor skin

irritation.

2. MachineSafety

ω Ensureall guards,covers,andinterlocksarein placebeforeoperation.

ω Do not attempt to reachinto the machinewhile it is running(squeegeeor stencilmechanism

cancauseinjury).

ω Followproperlockout/tagoutprocedureswhenservicingor repairingthe machine.

ω Regularlyinspectpneumaticandelectricalconnectionsfor leaks,wear,or loosefittings.

ω Avoidoverloadingthe machinewith oversizedor warpedPCBs,asthis candamagealignment

systems.

3. SolderPaste& ChemicalHandling

ω Storesolderpastein refrigeratedconditions(1ς10ϲC); warmto roomtemperaturebeforeuse.

ωMix solderpastein aclosedenvironment(manualor automaticmixer)to avoidfumes.

ω Handle solvents (e.g., IPA for stencil cleaning) in a well-ventilated area or under fume

extraction.

ω Dispose of expired solder paste and cleaning materials according to hazardouswaste

guidelines.

Telecom Surface Mount Technology (SMT) Technician
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4. Environmental& ErgonomicSafety

ωMaintain room temperature 22ς25 ϲC and RH40ς60% to ensure stable printing and reduce

moistureabsorption.

ωProvideadequatelightingaroundthe stencilareafor visualinspection.

ωEnsureproperventilation/ fumeextractionnearthe printingandcleaningzones.

ωSetmachineat appropriateworkingheightto reduceoperatorfatigue.

5. EmergencyPreparedness

ωTrainoperatorsto immediatelypressthe EmergencyStop(E-Stop)button in caseof abnormal

sounds,motion,or hazards.

ωKeepaspillkit for solderpasteor solventleaks.

ωProvidenearbyfire extinguishersratedfor electricalandchemicalfires.

ωMaintainfirst-aidkitsandtrain staff in basicresponseto chemicalexposure.

6. OperationalBestPractices

ωPerformdailycleaningof machinesurfacesto avoidsolderpastebuildup.

ωCleanstencilsat recommendedintervalsto preventsmudging/bridgingdefects.

ωUselint-free wipesandonlyapprovedsolventsfor stencilandundersidecleaning.

ωTrainoperatorsto handlePCBswith careto avoidbending,contamination,or ESDdamage.
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By the end of this unit, the participants will be able to:

1. Describethe importanceof SolderPasteInspection(SPI)in the PCBassemblyprocess.
2. Differentiatebetween2Dand3Dinspectionmethodsfor solderpaste.
3. Identifycommonsolderpasteprintingdefectsandtheir root causes.
4. Explainhow SPIequipmenthelpsin processcontrolanddefectprevention.

2.4.1 Identification of Solder Paste Printing Defects

UNIT 2.4: Solder Paste Inspection (SPI)

Unit Objectives

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.

SolderPasteInspection(SPI)is an automatedprocessusedto monitor and control the quality of the

solderpastedepositon the PCBpadsbeforecomponentplacement. ImplementingSPIat this stageisa

crucialstrategyfor preventingcostlyrework, improvingfirst-passyield,andachievinga fasterreturn on

investment.

Fig. 2.4.1: An SPI Equipment

KeyFeaturesof Modern SPISystems

Modern SPIsystems,suchas 5D post-print inspectionsystems,use advancedsensortechnologyand

combine both 3D and 2D imagingmethodologiessimultaneouslyto provide comprehensivedefect

detection. Thiscombinedapproachoffers:

ω Topographical3D Zero Referencing: The systemusesthe board's surfaceas a referenceplane,

allowingfor preciseheightmeasurementsof the solderpastedeposit.

ω Shadow-FreeMeasurement: By usingmultiple light sources,3D systemscan eliminate shadows,

ensuringaccurateandprecisemeasurementof pastevolume,shape,andheight.

Telecom Surface Mount Technology (SMT) Technician
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Typesof Inspection(2D/3D)

AutomatedSPIsystemscanverify the accuracyof solderpastedeposits. Theprimarytypesof inspection

availableare2Dand3D.

Å 2D Inspection: Thismethod usesa singlecameraand a light sourceto capturea top-down, two-

dimensionalimageof the solderpastedeposit. It canmeasurethe areaand position of the paste.

However, it cannot measurethe height or volume of the paste, making it susceptibleto false

readingsfrom slumpedor smearedpaste.

Å 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

measurementof volume,height,shape,andarea. 3D inspectionisconsideredthe industrystandard

as it providesthe most critical data for processcontrol and is highly effective at detectingsubtle

defectsthat 2Dsystemscannot.

Fig. 2.4.2: Types of inspection available
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Fig. 2.4.3: Possible solder paste print inspection results

CommonSolderPastePrintingDefects

Herearesomecommonsolderpasteprintingdefectsandtheir primarycauses:

ω Slumping: Thisdefectoccurswhen the solderpastespreadsor collapsesafter printing. It is often

causedby anoverlyhighambienttemperatureon the productionfloor, whichreducesthe paste's

viscosity.

ω Scooping/Scavenging: Thishappenswhenthe solderpasteispartiallyor completelyremovedfrom

the stencilapertures. Themost frequent causeis excessivesqueegeepressure,whichscoopsthe

pasteout of the openingsrather thanpushingit through.

ω Bridging: Thisis the unwantedconnectionof solderpastebetweenadjacentpads. It canbe caused

byavarietyof issues,including:

ω Improperboardsupport,whichallowsthe PCBto flex.

ω Adirty or damagedstencil,whichpreventsacleanprint.

ω Slumpingdueto hightemperaturesor humidity.

ω Peaking/Dog-Earing: Thisdefectrefersto the formation of smallpeaksor "dog-ears"on the top of

the solderpastedeposit. It is typicallycausedby a stencilseparationspeedthat is too fast,which

pullsthe pasteupwardasthe stencilseparatesfrom the board.

Telecom Surface Mount Technology (SMT) Technician



78

Participant Handbook

Thefollowingfigurelistsother solderpasteprintingdefectsandtheir criteria in a table:

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



Exercise
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ShortQuestions:

1. Explainthe role of solderpastein SMTassembly.

2. Listthreecriticalparametersof the screen-printingprocessanddescribetheir impact.

3. Differentiatebetweenmanual,semi-automatic,andautomaticscreen-printingmachines.

4. Whyispre-bakingof PCBssometimesrequiredbeforeassembly?

5. Compare2Dand3Dsolderpasteinspectionmethodswith examplesof defectstheycandetect.

Fill in the Blanks:

1. The__________isa thin sheetof stainlesssteelusedto transfersolderpasteonto PCBpads.

2. Typicalstencilthicknessrangesfrom __________to __________microns.

3. Theprocessof graduallyseparatingthe PCBfrom the stencilafter printing is called__________

speed.

4. The__________rule statesthat at leastfive solderparticlesshouldspanacrossthe width of the

smallestaperture.

5. Delaminationandblisteringin PCBsduringsolderingarecausedby__________.

Multiple ChoiceQuestions(MCQs):

1. Whichtool isusedto spreadsolderpasteevenlyacrossthe stencil?

a)Brush

b) Squeegeeblade

c)Roller

d) Heater

2. Therecommendedangleof asqueegeebladeduringscreenprinting is:

a)10ϲς20ϲ

b) 25ϲς35ϲ

c)45ϲς60ϲ

d) 80ϲς90ϲ

3. Excessivesqueegeepressurecancause:

a)Bettersolderpastetransfer

b) Scoopingof pasteandstencildamage

c)Improvedpasteuniformity

d) Reducedcleaningrequirement

Telecom Surface Mount Technology (SMT) Technician



4. Thebakingprocessof aPCBbeforeassemblyismainlydoneto:

a)Reducepadsize

b) Removeabsorbedmoisture

c)Improvestencilrelease

d) Reducecopperoxidation

5. Whichinspectionmethodcanmeasuresolderpasteheightandvolumeaccurately?

a)2DInspection

b) Manualvisualinspection

c)3DInspection

d) Noneof the above

80
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3. Component 
Placement on Telecom 
Boards

TEL/N2504

Unit 3.1 ςComponents Pick and Place Operations

Unit 3.2 ςPick and Place Operations

Unit 3.3 ςLoading of Component



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

Key Learning Outcomes

84

1. Listthe keycomponentsof the pick-and-placeprocess.

2. Definecommontermsusedin pick-and-placeoperations.

3. Identify the majorpartsof a pick-and-placemachine.

4. Demonstratethe correctprocedurefor startingup andshuttingdownthe machine.

5. Listthe different typesof feedersusedin SMTassembly.

6. Demonstratethe stepsfor operatingtapefeeders.

7. Recognizethe applicationof traysfor loadingchipcomponents.

8. Explainthe functionsof a chipshooterandfine-pitchplacer.
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By the end of this unit, the participants will be able to:

1. Listthe keycomponentsof anautomatedpickandplacemachine.
2. Defineessentialterms usedin pick and placeoperations,suchasfiducialmarksand component

feeders.

UNIT 3.1: Components Pick and Place Operations

Unit Objectives

The pick and place process is the core of modern electronics manufacturing, where electronic

componentsare preciselyplacedonto a PCB. Thisstep is crucial for creatinga functional circuit by

ensuringthat componentleadsarecorrectlypositionedwithin the solderpasteon the pads.

The pick and place process is executed by a sophisticated machine that assembleselectronic

componentsonto a printed circuit board (PCB)with highspeedand precision. Thekeycomponentsof

thisprocessinclude:

PickandPlaceMachine:

The core of the operation. This is a robotic systemwith a movinghead that can accesscomponent

feedersandthe PCB.

ω NozzleHead: The part of the machinethat picksup and placescomponents. It usesvacuum

pressureto holdthe componentssecurely.

ω ComponentFeeders: Theseare dispensingunits that hold the componentsin an organized

manner(e.g., on tapes,in tubes,or in trays)andpresentthemto the nozzleheadfor picking.

ω ConveyorSystem: This moves the PCBinto and out of the machine'swork area, ensuringa

continuousandautomatedassemblyline.

ω VisionSystem(Cameras): Camerasareusedfor two primaryfunctions:

ω FiducialRecognition: Topreciselyalignthe PCBbeforeplacement.

ω ComponentRecognition: To inspectcomponentsfor correct orientation and to verify they have

beenpickedcorrectly.

ω Control Software: The software that controls all machine functions, including the placement

coordinates(from the CADdata),speed,andvisionsystemoperations.

AutomatedPlacement

To achievethe high speed and accuracyrequired for massproduction, automated pick and place

machinesare used. Thesemachinesusevacuumnozzlesto pickcomponentsfrom feedersor traysand

then place them onto the PCB. During this process,a cameraoften performs a visual inspectionto

ensurethe correct componenthas been pickedand to verify its orientation. The machineprecisely

adjuststhe component'spositionusingacoordinatesystembeforeplacingit on the board.

For double-sided boardsor componentsthat may shift before soldering,a small amount of Surface

Mount Technology(SMT)gluecanbeappliedto temporarilysecurethe componentto the PCB.

3.1.1 Components of the Pick and Place Process

Telecom Surface Mount Technology (SMT) Technician
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CoordinateSystem

Theprecisepositioningof componentsiscontrolledbyamulti-axiscoordinatesystem:

ωX-axis: Controlshorizontalmovement(left and right), with a positivevalue typically representing

movementto the right.

ωY-axis: Controlsverticalmovement(forward and back),with a positivevaluetypicallyrepresenting

movementforward.

ωZ-axis: Controlsverticalheight (up and down), with a positivevaluetypically representingupward

movement.

ωC-axis (or Theta,ɸύ: Controlsthe rotational movementof the component,with a positive value

typicallyrepresentingacounter-clockwiserotation.

Fig.3.1.2:Topviewandsideviewof thepositioningof thecomponents

Theunits for the axesareset in the GraphicUserInterface(GUI). Thedefault unit for X,YandZaxesis

millimetersandfor Caxisisdegree.

Board:

In SMTmanufacturing,a boardrefersto the physicalPrintedCircuitBoard(PCB)onto whichelectronic

componentsare mounted. Eachrevisionor designupdateof a PCBis considereda new board. In pick-

and-placeoperations,the boarddata (often from CADor Gerberfiles)containsplacementinformation

that guidesthe machinesoftwareonwhereandhowto positioneachcomponentaccurately.

3.1.2 Common Terms Used in Pick and Place Operations
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Fiducial:

A fiducial is a referencemarkeron the PCBusedby the visionsystemof the pick-and-placemachineto

alignthe boardwith highprecision. Fiducialsare typicallysmall,round copperpadswith a clear,solder

maskςfree area around them (known as a keep-out zone)to ensurehigh-contrast recognition. They

allow the machine to correct for slight shifts, rotations, or distortions in PCBpositioning during

assembly. Most PCBsincludeglobalfiducials(for overallboardalignment)andlocalfiducials(nearfine-

pitchcomponentsfor localizedaccuracy).

Fig. 3.1.3: Fiducials on a PCB

The following images show fiducial alignments:

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 fiducialsare sufficient, provided they are placedat

diagonallyoppositecornersof the boardto ensureproperscalingandrotation compensation.

However,the useof three fiducialsisconsideredbestpractice,aseachoneservesadistinctpurpose:

Telecom Surface Mount Technology (SMT) Technician
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1. FirstFiducial

ω Definesthe referencepoint of the PCBin the XandYdimensions.

ω Allowsthe pick-and-placemachineto establishtheōƻŀǊŘΩǎlocationin its workspace.

2. SecondFiducial

ω Definesthe orientationof the PCBandcompensatesfor skewor rotation in the clamps.

ω Evena smallrotation (e.g., 0.1ϲ) canaffect accurateplacement,but fiducialsallow the machine
to detectandcorrectsuchdeviations.

ωModern machinescanmeasurerotation with precisiondown to 0.01ϲandadjustall placements
accordingly.

3. ThirdFiducial

ω Compensatesfor PCBstretch,shrinkage,or warpagethat canoccurduringfabricationor reflow.

ω Particularly critical for large PCBswhere dimensional variation accumulatesover longer
distances.

ω In double-sidedSMTassemblies,after the first sideis reflowed, the boardmayshrink,expand,
bow,or flex; a third fiducialhelpscorrectalignmentfor the second-sideassembly.

Thefiguresbelow illustrate:

ω Thetypicalmeasurementandsizespecificationsof a fiducial.

ω Thethree typesof fiducialscommonlyusedon a PCB(globalfiducials,local fiducials,and panel
fiducials).

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

Part

ω Refersto aspecificcomponentdefinedfor placementon aPCB.

ω It is linkedto theƳŀƴǳŦŀŎǘǳǊŜǊΩǎpart numberandrepresentsboth the function and the valueof

the component.

ω Example: A 22ƪʍ0603 resistorand a 10ƪʍ0603 resistorare treated as different parts, even

thoughtheysharethe samepackagesize.

Package

ω Describesthe physicalattributesof apart, includingdimensions,pin configuration,andfootprint.

ω Differentcomponentscansharethe samepackagetype.

ω Examplesinclude0603(chippackage),SOIC-8, TQFP-32, QFN,andBGA.
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Placement

ωRefersto the specificlocationon the PCBwhereapart mustbemounted.

ωDefinedbyXandYcoordinatesrelativeto the boardorigin,alongwith rotationόʻύ.

ωEachplacementisassociatedwith a part assignmentsothe machinesoftwareknowsexactlywhich

componentgoeswhere.

Fig. 3.1.6: Criteria of component placements

Telecom Surface Mount Technology (SMT) Technician
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Job

ωA job is a machine-readablefile that containsinstructionsfor processingone or more PCBsin a
productionrun.

ω It includesdetails such as board designdata, componentplacements,feeder assignments,and
machinesettings.

ωAjob maycontainamixtureof different boardtypesor multiple instancesof the sameboard.

Footprint

ωAfootprint definesthe layoutof pads,landpatterns,andoutlinesof acomponenton the PCB.

ω It ensures that the component aligns correctly with the solder lands during placement and
soldering.

ωFootprints are usually created following IPC-7351 standards to maintain compatibility and
manufacturability.

KeyParametersInfluencingPickandPlaceAccuracy

ωComponent dimensions and tolerancesςAs specified in the component datasheet, these
determinehowaccuratelythe machinecangripandplacethe part.

ωBoarddimensionalaccuracyςVariationsin PCBsizeor warpagecanaffectplacementprecision.

ωPlacementaccuracyςThealignmentof the componentleadsor terminals relative to the solder
landson the PCB.

ωSolderpastepositiontolerancesςForreflow soldering,the stencil-appliedsolderpastemust align
preciselywith the padsto ensuregoodsolderjoints.

ωSolderingprocessparametersςReflowovenprofiles, temperaturesettings,and conveyorspeeds
mustbeoptimizedfor reliablesolderjoints.

ωSolderresist(soldermask)positiontolerancesςThesoldermaskmust be accuratelyregisteredto
preventcoveringpadsor leavingunwantedexposedcopper.

ωSolderjoint quality parametersςFactorssuchaswetting, fillet formation,andvoid percentageare
criticalfor mechanicalstrengthandelectricalreliabilityof the joint.

Fig. 3.1.7: Footprint details

Fig. 3.1.8: Footprint design details for array resistor
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Fig. 3.1.9: Footprint design details for discrete CHIP-R

Fig. 3.1.10: Footprint design details for discrete MLCC

Telecom Surface Mount Technology (SMT) Technician
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Reticle

A reticle is a visual overlayτsuch as a crosshair,grid, or other geometricshapeτdisplayedin the
camerawindowof apick-and-placeor inspectionsystem. It assistsoperatorsandmachinesin:

ωIdentifyingthe centerof animageor componentfor alignment.

ωMeasuringdistancesusingon-screenrulers.

ωDisplayingarbitraryshapesor outlinesthat correspondto componentpackagesor fiducials.

ωEnsuringaccuratecalibrationof the visionsystembyprovidinga fixedreferencepoint.

Reticlescan be scaledto represent actual physicaldimensions,making them a valuable tool for
verifyingplacementaccuracy,packageorientation,andfiducialrecognitionduringsetupandoperation.

Fig. 3.1.11: Reticle

Driver

ω A driver is the part of the machinesoftwarethat convertsoperator inputs from the GraphicalUser
Interface(GUI)into commandsthat the pick-and-placemachinecanunderstand.

ω It acts as a translator, ensuring that high-level user instructions are converted into low-level
machinecode(oftengeometriccodeor G-code)that controlsthe hardware.

G-code

ωG-codeis a standardizedprogramminglanguageusedto control computerizedmachinetools such
asCNCequipment,3Dprinters,andin somecasespick-and-placesystems.

ωG-code provides precise instructions to the machine controllerτthe industrial computer that
governsmotors,actuators,andvisionsystems.

Theseinstructionsdefine:

ωMovementpaths(X,Y,Zaxes,rotation)

ω Speedsandfeeds(howfastamotor shouldmove)

ω Processparameters(pickheight,placepressure,nozzlecontrol,etc.)

ω In essence,G-code tells the machine not just where to move, but also how to execute the
movementfor reliableandrepeatableresults.
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Lettersin G-codeandTheirMeanings:

ω AςRotationaroundthe X-axis(rotaryaxis)

ω BςRotationaroundthe Y-axis(rotaryaxis)

ω CςRotationaroundthe Z-axis(rotaryaxis)

ω DςToolradiuscompensationnumber/ cutter offset

ω EςExtrusionlength(commonlyusedin 3Dprinting)

ω FςFeedrate (movementspeed)

ω GςPreparatoryfunction(definesmotionor cycle,e.g., G00=rapidmove,G01= linearmove)

ω HςToollengthoffsetnumber

ω IςIncrementaldistancefor arcsin the Xdirection(arccenterXoffset)

ω JςIncrementaldistancefor arcsin the Ydirection(arccenterYoffset)

ω KςIncrementaldistancefor arcsin the Zdirection(arccenterZoffset)

ω LςLoopcountor numberof repetitions(variesbycontroller)

ω MςMiscellaneousfunction(machinecommands,e.g., spindleon/off, programstop)

ω NςLine(block)numberin the program

ω OςProgramnumberor subroutinelabel

ω PςDwelltime (pause),or parameterfor functionslikesubprogramcall

ω QςPeckdrillingdepth(or incrementalvaluefor cycles)

ω RςArcradiusor return point in cycles

ω SςSpindlespeed(RPM)

ω TςToolnumber(for tool change)

ω UςIncrementalmovementalongthe X-axis(usedin turning/latheoperations)

ω VςIncrementalmovementalongthe Y-axis(lesscommon)

ω WςIncrementalmovementalongthe Z-axis(usedin turning/latheoperations)

ω XςAbsoluteor incrementalmovementalongthe X-axis

ω YςAbsoluteor incrementalmovementalongthe Y-axis

ω ZςAbsoluteor incrementalmovementalongthe Z-axis

Forpick-and-placesystems,the most frequentlyusedareX,Y,Z,A,B,C(movementaxes),F(speed),G
(motioncommands),M (misc. functions),andT(tool/nozzleselection).

Alphanumericcodesareusedfor programmingastheyareasimplewayto do the following:

Fig. 3.1.12: Use of alphanumeric code in programming

Telecom Surface Mount Technology (SMT) Technician
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Thefollowing figureshowsanexampleof G-code:

Fig. 3.1.13: An example of G-code

The functions of G-codes and M-codes are not universal; they vary between different machine
manufacturers. Todeterminewhat a specificM-codeor G-codemeansandwhat actionit will perform,
youmustconsultthe instructionmanualfor that particularmachine.

Typesof MachineMotions

All machinemovementsin CNCand pick-and-placesystemsare basedon three fundamentaltypesof
motion:

1. RapidMove(G00)

ωAlinearmoveto aspecifiedX,Y,or Zpositionat the maximummachinespeed.

ωUsedfor positioningthe tool/nozzle quicklywithout engagingin cutting, placing,or dispensing
operations.

2. FeedMove(G01)

ωAcontrolledlinearmoveto aspecifiedpositionat adefinedfeedrate (F).

ωUsed when accuracyand precision are required, such as during component placement or
machining.

3. CircularMove(G02/G03)

ωAcontrolledmovealongacircularpathat adefinedfeedrate.

ωG02: Clockwisearc.

ωG03: Counterclockwisearc.

ωAdditionalparameterssuchasI, J,andRspecifyarccentersandradii.

KeyProgrammingElementsin G-code

ωX,Y,ZςCartesiancoordinatesthat definehorizontal,vertical,anddepthpositions.

ωG(Preparatorycommands)ςDefinethe type of motion or machiningcycle(e.g., G00 rapidmove,
G01feedmove,G02/G03circularmoves).

ωF(Feedrate)ςDefinesthe movementspeedduringfeedor circularmoves.

ωS(Spindlespeed)ςDefinesthe spindleor rotationalspeed(in RPM).

ωT(Toolselection)ςSpecifiesthe tool or nozzleto beused.

ωI, J,K,RςDefinearccentersor radii for circularmoves(I = Xoffset, J= Yoffset, K= Zoffset, R=
radius).
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M-code(MiscellaneousFunctions)

M-codescontrolall non-movementmachinefunctions,suchas:

ωStartingor stoppingthe spindle.

ωTurningon/off coolantor vacuum.

ωPerforminga tool change.

ωProgramstart,pause,or endcommands.

Together, G-codes (motion control) and M-codes (auxiliary functions) form the complete set of
instructionsthat tell the machinewhat to do andhowto do it.

M-Coderelatesto functionsother than positioningsuchasspeedandtool change. Thefollowingfigure
listssome

M00: Program  
stop

M01: Optional  
program stop

M02: End of  
program

M03: Spindle on  
clockwise

M04: Spindle on  
counter clockwise

M05: Spindle  
stop

M06: Tool  
change

M08: Flood  
coolant on

M09: Flood  
coolant off

M30: End of 
program/return  

to start

M41: Spindle 
low gear range

M42: Spindle 
high gear range

Fig. 3.1.14: Some M-code instructions

Bottom Vision:

Bottom vision refers to both an upwardsfacingcameraand the processof usingcomputer vision to
automaticallyinspectparts before placingthem. Thisinspectionallowsthe SMTmachineto placethe
part with greateraccuracythanwhat wouldbeachievedbygoingfrom feederto placementdirectly.

Thefollowingimageshowsthe bottom visionof apickandplacemachine:

Fig. 3.1.15: Bottom vision of a pick and place machine

Telecom Surface Mount Technology (SMT) Technician
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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 visionassistedfeeders.

Head

Theheadof the machinecarriesnozzlesand often a top visioncamera. It canmove in both X and Y
direction.

Thefollowingimageshowsthe headof amachine:

Fig. 3.1.15: Head of a machine

Fig. 3.1.16: Different types of nozzles

NozzleTip:

A nozzletip ismountedon a nozzle. Multiple nozzletips canbe assignedto a nozzle. Generally,the tips
are determinedby the sizeof the part they are required to pick up. Many SMTmachinescanchange
nozzletipsautomaticallyin order to pickup different parts.
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By the end of this unit, the participants will be able to:

1. Identify the majorpartsof a pick-and-placemachine.
2. Demonstratethe correctprocedurefor startingup a pick-and-placemachine.
3. Demonstratethe correctprocedurefor shuttingdowna pick-and-placemachine.

UNIT 3.2: Pick and Place Operations

Unit Objectives

A pick-and-place machine is defined by severalkey specificationsthat determine its performance,

capacity,andsuitabilityfor different productionenvironments. Themajorspecificationsinclude:

1. PartTypes

ω Refersto the rangeof componentsthe machinecanhandle,from smallchip resistors/capacitors

(e.g., 01005, 0201) to largeICpackagessuchasQFP,BGA,or connectors.

ω High-end machinescan place ultra-fine pitch and odd-shapedcomponents,while entry-level

machinesarelimited to standardchipsizes.

2. PCBLoadingTime

ω Thetime takenby the machineto load,align,andsecureaPCBbeforebeginningplacement.

ω Shorterloadingtimescontributeto higherthroughputandoverallproductivity.

3. PlacementAccuracy

ω Defineshowpreciselyacomponentispositionedrelativeto its targetsolderpads.

ω Typicallymeasuredin micrometers(µm),e.g.,ҕ30µmat 3 .̀

ω Criticalfor fine-pitchcomponentssuchasBGAsandQFNs.

4. Productivity(Throughputin ComponentsPerHourςCPH)

ω Indicatesthe maximum number of componentsa machine can place per hour under ideal

conditions.

ω Actualproductivitymaybe lower dependingon feedersetup,boardcomplexity,and placement

mix.

ω Modern high-speedchip shooterscan exceed100,000 CPH,while general-purposemachines

rangebetween10,000ς50,000CPH.

5. NozzleQuantity

ω Refersto the numberof placementnozzlesavailableon the machinehead.

ω More nozzlesenable simultaneoushandling of multiple components, improving speed and

efficiency.

ω Machinesmayfeaturesingle-head,multi-head,or turret-styledesignswith varyingnozzlecounts.

3.2.1 Specifications of Pick and Place Machine

Telecom Surface Mount Technology (SMT) Technician
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Thefollowingfiguresshowthe partsof apickandplacemachine:

3.2.2 SMT Pick and Place Machine

Fig. 3.2.2 (a): Parts of a pick and place machine Fig. 3.2.2 (b): Parts of a pick and place machine

FunctionKeys:
Thefunction keys(F1 to F6) are pressedto selectcommands. Eachfunction key correspondsto a
commandin the function key menu sectionof the MACHINEdisplay. To executea command,the
correspondingfunctionkeyispressed.

InchingKeys:
Theinchingkeysareusedto selectthe inchingaxesandto carryout inchingalongthe selectedaxes.

Arrow Keys:
Thearrowkeysareusedto performthe inchingoperation. Somearrowkeysareinvalidwhencertain
inchingaxesareselected.

Fig. 3.2.3: Control keys of a pick and place machine
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Thekeysin the aboveimageareasfollows:
Å Input keys(0 - 9, *, #, D,ς): The numericalkeysare used to input numericalvaluessuchas

camerathresholdlevelsor I.D. codes.
ÅBackspacekey (BS): Wheninputting numericalvalues,this key is usedto delete previouslyinput

values. Pressthiskeyonceto movethe cursorbackwardsbya singlespace.
ÅCarriagereturn key(CR): Thiskey is usedto completethe entry of a numericalvalue. It mayalso

bepressedto takethe machineout of numericalinput mode.

Fig. 3.2.4: Numeric input keys

FunctionKeys:
Thefunction keys(F1 to F6) are pressedto selectcommands. Eachfunction key correspondsto a
commandin the function key menu sectionof the Machinedisplay. To executea command,the
correspondingfunctionkeyispressed.

InchingKeys:
The inchingkeysare usedto select the inchingaxesand to carry out inchingalong the selected
axes.

Arrow Keys:
The arrow keysare used to perform the inching operation. Somearrow keysare invalid when
certaininchingaxesareselected.

InchingAxisSelectionKeys([1] to [4])
Thesekeysareusedto selectanaxisfor inching.

RapidInchingKey([F])
Thiskey and an inchingkey are pressedsimultaneouslyto inch the axis rapidly. Inchingcan be
carriedout at anytime exceptduringmachineoperationor Properdatameasurement. However,it
isnot possibleto inchall of the axesat the sametime. Onlythoseaxeswhicharecurrentlyselected
by the inchingaxisselectionkeyscanbe inched.

NumericalInput Keys
Thesekeysareusedto input numericalvalues. Thefollowingfigureshowsthe numericinput keys:

Telecom Surface Mount Technology (SMT) Technician



Buttons

The machine is equipped with several pushbutton switches. The buttons are as follows:

1. Front Panel

The following figure shows the buttons on the front panel of a pick and place machine:

Fig. 3.2.5: Buttons on the front panel of a pick and place machine

The description of the buttons is as follows:

1. [POWER OFF] button: This button, when pressed after the [EMERGENCY STOP] button is 
pressed, turns off the power. Pressing this button alone does not turn off the power.

2. [POWER ON] button: This button turns on the machine. When the machine circuit breaker
is turned on, this button is pressed to turn on the ƳŀŎƘƛƴŜΩǎ power supply.

3. [START] button: This button starts the machine operation. It is pressed to start automatic 
operation and zero setting when the message Ψ{ǘŀǊǘ {²Ω begins to blink in the second 
display area.

4. [CYCLE STOP] button: This button is for stop operation. It is pressed during automatic 
operation to cancel the automatic operation mode at the end of the current sequence and 
to return the machine to the [START] button wait mode.

5. [RESET] button: This button is used to reset an alarm which has occurred. When an alarm 
occurs, an error message is displayed and this button begins to flash. It needs to be 
pressed to clear the alarm.

6. [EMERGENCY STOP] button: This button is used to stop the machine instantly. When it is 
pressed, the ƳŀŎƘƛƴŜΩǎ 200 V power supply is turned off. In addition, the button locks 
down when it is pressed. It needs to be turned in the clockwise direction of the arrow to 
get released.
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2. Rear Operation Panel

The following figure shows the buttons on the front panel:

Fig. 3.2.6: Buttons on the rear panel

The description of the buttons is as follows:

1. [POWER OFF] button: This button, when pressed after the [EMERGENCY STOP] button is 
pressed, turns the power off.

2. [POWER ON] button: This button turns on the machine. When the machine circuit breaker 
is turned on, this button is pressed to turn on the ƳŀŎƘƛƴŜΩǎ power supply.

3. [START] button: This button starts the machine operation. It is pressed to start automatic 
operation and zero setting when the message ά{ǘŀǊǘ {²έ begins to blink in the second 
display area.

4. [CYCLE STOP] button: This button is used to stop operation. It is pressed during automatic 
operation to cancel the automatic operation mode at the end of the current sequence and 
to return the machine to the [START] button wait mode.

5. [RESET] button: This button is used to reset alarms. When an alarm occurs, an error 
message is displayed and this button begins to flash. It needs to be pressed to clear the 
alarm.

6. [EMERGENCY STOP] button: This button is used to stop the machine instantly. When it is 
pressed, the ƳŀŎƘƛƴŜΩǎ 200 V power supply is turned off. In addition, the button locks 
down when it is pressed. It needs to be turned in the clockwise direction of the arrow to 
get released.

7. Operation panel selection switch: This selector switch is used to switch from the front 
operation panel to the rear operation panel. When this switch is set to a certain panel, the 
other panel cannot be used.

It is to be noted that the [EMERGENCY STOP] and [CYCLE STOP] buttons on both panels 
are always operational.

8. Inching keys: It is possible to inch the X, D1, D2, C and F axes. The axes that can be inched 
depend on the inching axis selection keys mentioned in the previous section.
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3.2.3 Operating the Pick and Place Machine

Operating the SMT pick and place machine includes its start-up, reset-start and I /  O check 
start procedures.

Normal Operation

The following procedure is used to start the machine:

1. Boot up the MCS 30 Supervisor Computer: This computer compiles production 
information transmitted from the machine in Off Line mode.

2. Set the Circuit Breaker: The machine main circuit breaker must be set to ON position 
before the machine can be turned on.

3. Turn on the Power: Press the [POWER ON] button on the machine operation panel to turn 
the machine on. The following image shows the display that appears after pressing the 
[POWER ON] button:

Fig. 3.2.7: Display that appears after pressing the [POWER ON] button

4. Transmit Status Data to the Machine: Status data is retained in the ƳŀŎƘƛƴŜΩǎ memory 
even after the ƳŀŎƘƛƴŜΩǎ power is turned off. Thus, once Status data has been transmitted 
to the machine, this step need not be repeated. However, it will be necessary to transmit 
the Status data to the machine after performing the reset-start procedure. The Status data 
can be modified either directly at the machine or indirectly using an MCS 30 computer. 
When the Status data is modified using an MCS 30 computer, it must be transmitted to 
the machine before operation.

5. Transmit Proper Data to the Machine: Proper data is retained in the ƳŀŎƘƛƴŜΩǎ memory 
even after the ƳŀŎƘƛƴŜΩǎ power is turned off. Thus, once it has been transmitted to the 
machine, this step need not be repeated. However, it will be necessary to transmit the 
Proper data to the machine after performing the reset-start procedure. When Proper data 
is modified at the MCS 30 computer, it must then be transmitted to the machine before 
operation. It is also possible to change a part of the Proper data at the machine. Once the 
change is made at the machine, if this data is transmitted to the MCS 30, then it will be 
saved on the MCS 30 computer.
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6. Transmit Programs to the Machine: Programs are retained in the ƳŀŎƘƛƴŜΩǎ memory even 
after the ƳŀŎƘƛƴŜΩǎ power is turned off. Thus, once a program has been transmitted to 
the machine, this step need not be repeated. However, it will be necessary to transmit 
programs to the machine after performing the reset-start procedure. New programs are 
created using an MCS 30 computer; these must be transmitted to the machine before they 
can be used in production.

7. Release the [EMERGENCY STOP] Button: While the Machine [EMERGENCY STOP] switch 
is pressed, the 200V power line will be cut. If this switch is pressed, release it.

8. Select the Production Program: Using either MCS /  2H or the Machine [PROGRAM] 
command function, select the production program.

9. Select the Quantity of the Production Run: Press the [PROGRAM], [QTYSET] command 
function keys and set the number of boards to be produced. A setting of zero will make 
the machine run indefinitely.

Note: Scheduled production quantity can be set in the program. Enter the production 
quantity into the Production_qty. field (in the Production_mode section of MCS/2H) and 
transmit to the MACHINE. When the production run is complete, the machine will stop 
automatically and the operator will be informed.

10. Set the Operation Mode: In either [AUTO] or [STEP], press the [MODE] command function 
key to change the operation mode. The operation mode changes among the three choices 
each time the [MODE] key is pressed. The following figure lists the three operation modes:

Fig. 3.2.8: Three operation modes

The operation mode άtǊƻŘǳŎǘέ is automatically selected when the power is turned on.

Reset-Start

The machine memory contents have to be cleared whenever the ƳŀŎƘƛƴŜΩǎ memory card and 
ROM chips are replaced to upgrade the software. It may also be necessary to clear the memory 
of erroneous data should the machine begin to operate abnormally.

All Status data, Proper data and production programs are deleted from the memory of the 
machine when the reset-start operation is carried out. Therefore, this data has to be 
transmitted from the MCS 30 to the machine again. It is important to restart the machine after 
transmitting the Proper data from the computer.

Machine carries out 
normal production of  
boards.

Product Mode

This mode is not 
currently supported.

Simulate Mode

Machine carries out all  
functions except 
vision processing and 
fiducial mark reading.

Board feed is not  
carried out.

Idle Mode
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The following procedure explains how to reset-start the machine:

1. Boot up the MCS 30 computer: This computer compiles production information 
transmitted from the MACHINE in Off Line mode.

2. Set the circuit breaker: The ƳŀŎƘƛƴŜΩǎ main circuit breaker must be set to ON position
before the MACHINE can be turned on.

3. Turn on the power: While pressing the [RESET] button, the [POWER ON] button is pressed. 
When άaŜƳƻǊȅ Backup bDέ is displayed on the screen, the [RESET] button may be 
released.

4. Release the [EMERGENCY STOP] button: If the [EMERGENCY STOP] button has been 
pressed; the 200 V power will not come on when the operator presses [POWER ON]. It is 
important to release the [EMERGENCY STOP] button if it has been pressed.

5. Transmit the Status data: Transmit the correct Status data from the MCS 30 computer.

6. Transmit the Proper data: Transmit the Proper data from the MCS 30 computer to the 
machine. It is to be noted that the Proper data can be sent either before or after zero 
setting is done provided that it is transmitted before any command function keys are 
pressed. Valid Proper data must be transmitted to the machine. If invalid data is 
transmitted, the program check will not function normally and errors will occur during 
program transmission.

7. Transmit the program: Transmit the program from the MCS 30 computer to the machine.

8. Cut the power and then restart the machine: Even though the power has been cut, the 
Status data, the Proper data and the program will remain in the machine. After this, 
continue with normal operation.

I/O Check Start

To enter the I /  O check mode, the [F1] function key is pressed and held down while pressing 
the [POWER ON] button. This brings the machine directly into the I /  O check mode. It is to be 
noted that when I/O check start is used to start the machine, the 200V power does not come 
on. When the operator completes the I/O check and presses the [RETURN] function key, the 
200V power will come on and the machine will be ready for zero setting.

3.2.4 Trace List Printout

If a problem occurs on the machine, having data from the machine that explains the conditions 
under which the problem occurred can help Fuji to find and eliminate the cause. A trace list is 
the raw data that can be obtained from the machine for this purpose.

The procedure to print out a trace list is as follows:

1. Stop the machine promptly after the trouble has occurred. Do not press the function keys 
or continue operating the machine as this may prevent the source of the problem from 
appearing in the printed trace list.

2. With the machine's power turned off, attach the printer cable from the MCS printer to
the lowest of the three connectors (marked ΩtŀǊŀƭƭŜƭ I /  hΩύ on the machine CPU board.
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3. Press [CYCLE STOP] button along with [POWER ON] button. Release the [CYCLE STOP] 
button after the printer starts printing. After the printer has finished printing, the machine 
can be operated as normal.

3.2.5 Shutting Down the Pick and Place Machine

When shutting down the power, the following procedure should be used:

1. Turn off the 200V power. Press the [EMERGENCY STOP] button. When shutting down in 
the course of production, first press the [CYCLE STOP] button to halt automatic operation 
before pressing the [EMERGENCY STOP] button.

2. Turn off the main power. Press the [POWER OFF] button on the operation panel to turn 
the power supply off.

3. Turn the circuit breaker off. Turn off the power at the main circuit breaker if the machine 
is to be left idle for a longer duration or if work is to be carried out on the servo box or the 
control box.

It must be noted that if the power is cut while parts are being picked, the parts will drop off 
the nozzles and, during the next production run, vision processing will not work properly. 
Therefore, before shutting down the machine, press the [DUMP PARTS] command function 
key. The remaining parts will be placed before the board is unloaded.
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By the end of this unit, the participants will be able to:

1. Listthe different typesof feeders.
2. Demonstratethe stepsto usetapefeeders.
3. Identify the useof traysto loadchipcomponents.
4. Identify the useof chipshooterandfine-pitchplacer.

UNIT 3.3: Loading of Components

Unit Objectives

Feeder

A feeder is a hardwareattachmentused to supplyelectroniccomponentsto an SMTpick-and-place

machine. Feedersensureacontinuousandaccurateflow of partsfor placement.

SMTmachinesgenerallysupportmultiple feederformatssuchas:

ω Cuttapestrips

ω Fullreels(tapefeeders)

ω Componenttrays(JEDECtrays)

ω Tubes(stickfeeders)

ω Drag-stylefeeders

ω Binsof looseparts

3.3.1 Loading of Chip Component Rolls

Fig. 3.3.1: Drag feeder and different parts of a drag feeder
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¶ Tape Feeders:

A tape feeder is used by performing the following two steps:

o Checking the feed pitch and action: Press the manual feed lever to check that the 
tape is fed at a proper pitch. The following figure shows the manual feed lever of a 
machine:

Fig. 3.3.2: Manual feed lever of a machine

o Setting the tape: When fitting a new roll of tape to a tape feeder, the tape needs to 
be set. The procedure of using a tape feeder is as follows:

A. Peel off the top tape:

A tape consists of two layers; "carrier tape" that contains electronic components 
in the pockets and "top tape" that covers the upper side of components on the 
carrier tape. Peel off the top tape to separate these two layers.

B. Lift the clamping lever lock handle:

Lift the clamping lever lock handle to lift  the tape guide.

C. Lift the tape guide:

Lift the tape guide while pressing the lock lever. After the tape guide is lifted, 
return the lock lever to the original position and hold the tape guide in the raised 
position. The following image shows a technician lifting a tape guide:

Fig. 3.3.3: A technician lifting a tape guide

Participant Handbook

109



D. Set the tape in the tape feeder:

Set the separated layers of the tape on the tape feeder through the tape paths. 
The following figure shows tape feeders of different measurements:

8mm tape feeder

12mm to 16mm tape feeder

Fig. 3.3.4: Tape feeders of different measurements

In the above figure, A ~ E represents the top tape and a ~ c represents the carrier 
tape. To turn the top tape, press the idle roller assembly lever and insert the top 
tape between the drive roller assembly and the idle roller assembly. The following 
figure shows a top tape and the notch of a tape feeder:

Fig. 3.3.5: Top tape and notch of a tape feeder
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The following figure shows a drive roller assembly and an idle roller assembly:

Fig. 3.3.6: Drive roller assembly and idle roller assembly

E. Set the tape guide.

After the tape is set, press the lock lever to lower the tape guide. The following 
figure shows setting the tape guide:

Fig. 3.3.7: Setting the tape guide

3.3.2 Loading of Chip Component Trays

Tray feeders are used to load the chip components. A tray feeder is a "virtual" feeder which 
picks the required parts from a uniform array of parts. The following image shows a uniform 
array of parts:

Fig. 3.3.8: Uniform array of parts
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3.3.3 Chip Shooter and Fine Pitch Placer

A chip shooter machine in a PCB assembly has three movable mechanisms. The following 
figure lists the movable mechanisms:

Fig. 3.3.9: Movable mechanisms of chip shooter

To get the minimal assembly time, all the components should be placed on the board in a 
perfect sequence. The components should be placed on a right feeder or feeders as two 
feeders can hold the components of same type. Additionally, the assembly head must pick up 
a component from the correct feeder. The following figure shows a chip shooter assembly:

Fig. 3.3.10: Chip shooter assembly

Fine Pitch Placer

It is used when SMT components with a lead pitch of 25 mils or less are to be placed.

A rotary turret with 
multiple assembly heads  

to pick up and place 
components

A feeder carrier with 
several feeders holding  

components

An X-Y table carrying a  
PCB
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Exercise

ShortQuestions:

1. Explainthe differencebetweenglobalfiducialsandlocalfiducialsonaPCB.

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

3. Whatarethe keyspecificationsusedto measurethe performanceof apick-and-placemachine?

4. Describethe step-by-stepprocedurefor loadinga tapefeeder.

5. Howdoesfeederplacementoptimizationhelpin reducingassemblytime in PCBproduction?

Fill in the Blanks:

1. The ______system in pick-and-place machinesensuresprecisealignment of both PCBsand

components.

2. TheX,Y,andZaxesin a pick-and-placesystemcontrolmovementin ______,______,and______

directions,respectively.

3. Themostwidelyusedfeedersin SMTassemblyare______feeders.

4. A ______is a visual overlay in the camerawindow, often in the shapeof crosshairs,to aid

alignment.

5. The use of ______fiducialsis recommendedfor optimal PCBalignmentduring pick-and-place

operations.

Multiple ChoiceQuestions(MCQs):

1. Whichof the followingisthe mainfunctionof fiducialmarksonaPCB?

a)Toholdthe PCBin place

b) Toalignthe PCBduringpick-and-placeoperations

c)Toconnectcomponentselectrically

d) Toreducesolderingtime

2. In apick-and-placemachine,the nozzleheadfunctionsto:

a)Movethe PCB

b) Holdandplacecomponentsusingvacuumpressure

c)Controlfeederalignment

d) Inspectsolderjoints

3. WhichG-codecommandrepresentsa rapidmove?

a)G01

b) G02

c)G00

d) M06
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4. Thecomponent"footprint" onaPCBdefines:

a)Solderjoint qualityparameters

b) Layoutof pads,landpatterns,andoutlinesfor acomponent

c)Alignmentof fiducials

d) Componentrotation angleonly

5. Achipshooterismainlyusedfor:

a)Placingfine-pitch ICs

b) High-speedplacementof standardchipcomponents

c)Manualsolderingof components

d) PerformingAOIinspections
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4. Reflow Soldering on 
Telecom Boards 

TEL/N2505

Unit 4.1 ςReflow Soldering

Unit 4.2 ςOperation of Reflow Machine



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

Key Learning Outcomes

1. Listthe factorsthat determineaneffectivereflow solderingprocess.

2. Identify the factorsthat influencethe reflow profile.

3. Definethe conceptof footprint design.

4. Listthe different typesof reflow solderingovens.

5. Describethe stagesof the reflow solderingprocess.

6. Identify the alarmmessagesgeneratedduringreflow soldering.

7. Analysethe significanceof thebіconservationmode.

8. Identifycommondefectsoccurringin the reflow solderingprocess.
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By the end of this unit, the participants will be able to:

1. Listthe keyfactorsof aneffectivereflow solderingprocess.
2. Identify the factorsthat affect the reflow profile.
3. Definefootprint designin the contextof PCBassembly.
4. Listthe different typesof reflow solderingovens.

UNIT 4.1: Reflow Soldering

Unit Objectives

Reflowsolderingis the most commonmethod for creatingpermanentelectricalconnectionsbetween

surface-mount componentsanda PCB. Theprocessinvolvestemporarilyattachingcomponentsto their

padswith solderpaste,a stickysubstancemadeof solderandflux. Theentire assemblyis then exposed

to a controlled heatingprofile, which melts the solderpasteto form a secureand permanentsolder

joint.

The entire processis performed inside a specializedmachinecalled a reflow oven, which precisely

controlsthe temperatureto ensureasuccessfulsolderingprocesswithout damagingthe components.

KeyAspectsfor anEffectiveReflowSolderingProcess

Achievingahigh-qualityreflow solderingprocessdependson controllingseveralkeyaspects. Eachfactor

contributesto creatingstrong,reliablesolderjointsandpreventingdefects.

1. SuitableMachine

Thereflow oven is the heart of the process. An effective machinemust havepreciseand repeatable

temperaturecontrol acrossits heatingzones. It shouldbe able to accuratelyfollow the programmed

reflow profile,whichdictatesthe temperaturechangesovertime.

2. AcceptableReflowProfile

Thereflow profile is a time-temperaturegraphthat guidesthe entire solderingprocess. It consistsof

four mainstages:

ω Pre-heat: ThePCBandcomponentsaregraduallyheatedto preventthermalshock.

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

volatilesolventsfrom the solderpaste.

ω Reflow: The temperature risesabovethe solderpaste'smelting point, allowing the solder to

liquefy,wet the pads,andform the joint.

ω Cooling: Thesoldersolidifies,creatingapermanentconnection.

A correctly designedprofile is essentialfor preventing defects like solder balls, tombstoning, and

componentdamage.

4.1.1 Reflow Soldering Process
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1. PCBandComponentFootprint Design

Thephysicaldesignof the PCBpadsandcomponentfootprints directly impactssolderjoint quality. Pads

must be correctlysizedandspacedto ensurethe solderpastecanform a proper joint without causing

shorts. Non-symmetricalpadscanlead to defectslike tombstoning,where a componentstandsup on

oneend.

2. CarefullyPrintedPCB

Thequality of the solderpasteprint is critical, as it determinesthe amount and positionof solderon

each pad. This requires a well-designedstencil and a preciselycalibrated screen-printing machine.

Defectssuchasinsufficientpaste,bridging,or slumpingat thisstagewill likelyresult in solderingfailures.

3. RepeatablePlacement

Accurateandconsistentplacementof surface-mount componentsby the pickandplacemachineisvital.

Componentsmust be placedpreciselyon the solder paste deposits. Misalignmentcan lead to poor

electricalconnectionsor shortsduringthe reflow stage.

4. GoodQualityMaterials

Thequality of the materialsusedτthe PCB,components,and solder pasteτis fundamental. A high-

qualityPCBwith a cleansurfaceandproper finishensuresgoodsolderability. Componentsmustbe free

of damageor oxidation. Finally,usingfresh,properlystoredsolderpastewith the correctcompositionis

essentialfor asuccessfulreflow process.

Fig.4.1.1:Areflowsolderingoven

Varioustypes of reflow solderingmachinesare

available,with selectiondependingon the PCB

design,materials,and required production line

speed. Theoven must be appropriatelysizedto

handlethe output of the pickandplacemachine.

4.1.2 Suitable Machine

Fig.4.1.2: Calculationof loadfactor
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CalculatingReflowOvenSize

Toselecta reflow ovenof the correctsize,the oven'sprocessspeedmustbe greaterthan the minimum
requiredlinespeed.

1. CalculateMinimum LineSpeed

The minimum line speedis the rate at which boardsmust move through the oven to keep up with
production.

LineSpeed(minimum)=LoadFactorBoardsper MinuteҎBoardLength

ω Boardsper Minute: Theproductionrate of the pickandplaceequipment.

ω BoardLength: Thelengthof asinglePCB.

ω LoadFactor: Avalue,typicallyprovidedby the manufacturer,that accountsfor the necessaryspace
betweenboardson the conveyorfor processrepeatability.

2. CalculateRequiredOvenHeatedLength

Theprocessspeedof an ovenis a function of its heatedlengthand the total time the boardneedsto
spendinside (processdwell time). By rearrangingthis relationship,we can determine the minimum
heatedlengthrequired.

ProcessSpeed=ProcessDwellTimeOvenHeatedLength

Therefore:

OvenHeatedLength=ProcessSpeedҎProcessDwellTime

ExampleCalculation

An SMT assemblerneeds to produce 8-inch boards at a rate of 180 per hour. The solder paste
manufacturerrecommendsa4-minuteprofile.

ω Boardsper Minute: 180boards/hourҏ60min/hour=3 boards/min

ω BoardLength: 8 inches

ω LoadFactor: 0.8 (assuminga2-inchspacebetweenboards,asanexample)

ω ProcessDwellTime: 4 minutes

First,calculatethe requiredminimum line speed:

LineSpeed=0.8(3 boards/min)Ҏ(8 inches/board)=30inches/minute

Next,determinethe requiredovenheatedlength:

OvenHeatedLength=30inches/minҎ4 minutes=120inches

Therefore,the reflow ovenmust havea minimum heated length of 120 inches(10 feet) to meet the
productionrequirements. It's important to note that the total lengthof the oven,includingthe cooling
andloadingsections,will begreaterthanthe heatedlength.

CommonReflowOvenOptions

Theselectionof a reflow ovenandits featuresisheavilyinfluencedby the PCBassembly'sdesign.

ω ConveyorType:

ωMeshConveyor: Aflat meshbelt suitablefor single-sidedboards.

ω EdgeConveyor: A systemthat holds the PCBby its edges. This is typically preferred for in-line
production and for processingdouble-sided assemblieswithout disturbing componentson the
bottom side. A center-board-supportisoften usedwith edgeconveyorsto preventthe boardfrom
saggingduringthe high-temperaturereflow process.
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ω Closed-LoopControlof ConvectionFans: Convectionfanscirculateheatedair within the oven. For
assemblieswith lightweightcomponents(e.g., smallpackageslike SOD-323) that aresusceptibleto
being blown out of position, a closed-loop control system is recommended. This feature
automaticallyadjustsfanspeedto minimizedisturbances.

ω AutomaticControlof Conveyorand Center-Board-SupportWidths: Thisoption is highlybeneficial
for manufacturinglines that processa variety of PCBswith different widths. Insteadof manual
adjustment,the conveyorandcenter-board-supportwidthsareautomaticallyconfiguredbasedon
the assemblyprogram,ensuringprocessconsistencyandreducingchangeovertime.

Fig. 4.1.3: Edge conveyor with a centre-board support

An acceptablereflow profile is a time-temperaturegraphthat 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 ovenandisaffectedbyseveralcriticalfactors:

ω Type of SolderPaste: Different solder pasteshave varying melting points and require specific

temperaturerampsandsoaktimes. Theprofile mustbetailoredto the paste'spropertiesto ensure

properwettingandjoint formation.

ω PCBMaterial,Thickness,andNumberof Layers: PCBswith thickermaterial,morelayers,or ahigher

copper content require more energy to heat up and cool down. The reflow profile must be

adjustedto accountfor the thermalmassof the board.

ω 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.

ω NumberandTypeof SurfaceMount Components: Thesize,type,anddensityof componentson the

boardsignificantlyaffect the thermal profile. Largeor thermallymassivecomponents(e.g., BGAs,

largecapacitors)absorbmoreheat,requiringa longersoaktime to reachthe desiredtemperature.

Smaller,moredelicatecomponentsmaybe sensitiveto rapidtemperaturechanges,necessitatinga

gentlerramprate.

4.1.3 Acceptable Reflow Profile
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A PCBdesigncaninfluencethe efficiencyof the assemblyreflow in manyways. Thesizeof tracksthat

connectsto a componentfootprint is anexample. If the track that is joined to onesideof a footprint is

bigger than that joined to the other, a thermal imbalancecan happen. This leads to ΨǘƻƳōǎǘƻƴŜΩ

formation.

4.1.4 PCB/Component Footprint Design

Fig. 4.1.4: Tombstone formation

Copperbalancingis a critical considerationin reflow soldering,especiallyfor panels. Thistechniqueis

usedto preventthe panelfrom warpingasit goesthroughthe high-temperaturereflow oven.

Whena PCBdesignhaslarge,unevencopperareas,it createsa thermal imbalance. Thecopper-heavy

sectionsheat up and cool down at a different rate than the areas with little or no copper. This

differential thermal expansionandcontractioncancausethe entire panelto warp, leadingto soldering

defectssuchastombstoning,shorts,anddelamination.

Tocounteractthis, the "copperbalancing"techniqueinvolvesaddinga pattern of copperto the empty,

non-functional(waste)areasof the panel. Thishelpsto createa moreevendistributionof thermalmass

acrossthe entire panel,ensuringthat it heatsand coolsmore uniformly. Theresult is a flatter panel

throughoutthe reflow process,whichsignificantlyimprovesthe qualityandyieldof the finishedPCBs.

Fig. 4.1.5: Copper balancing process

Telecom Surface Mount Technology (SMT) Technician
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