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Rahko, Matti, A qualification tool for component package feasibility in
infrastructure products
University of Oulu, Faculty of Tecnology, Department of Electrical Engineering,
Microelectronics and Material Physics laboratories, P.O. Box 4500, FI-90014 University of Oulu
Acta Univ. Oul. C 407, 2011
Oulu, Finland

Abstract
The target of this dissertation is to propose a new qualification tool (QT) for component package
(CP) feasibility qualification in telecommunication infrastructure products. The primary reason
for the introduction of the QT is the Electrical and Electronic Equipment (EEE) manufacturers’
continuing development of new products with tighter product requirements, e.g. compact size,
environmental friendliness and cost-efficiency. CP’s need to match these requirements and thus
they need to be developed further and qualified/re-qualified continuously. This qualification
process with the new component package needs to be done in as early phase as possible, enabling
EEE manufacturers to implement component packages into use with minimal risk. Qualification
of a CP to match with these requirements is usually done with the qualification expert’s possessed
know-how. However, this process takes a lot of time as all the possible data must be collected or
even created.  Thus a new method needs to be introduced for early phase qualification. 

The QT proposed here contains eight qualification sub-areas for feasibility qualification of the
CP and it uses three qualification principles. Including all these sub-areas to the feasibility
qualification clearly enables more reliable and trustworthy conclusions. The QT is required as an
assisting qualification tool for specialists and as a preliminary qualification tool, e.g. for hardware
(HW) designers or component engineers. It could be used also as a requirement communication
tool between customers and component package manufacturers. 

After the QT’s sub-areas and functionality were developed, functionality and approval limits
were set-up with 44 different widely used commercial CPs. This historical data is recorded for
future use in its own database. The QT is a unique tool as there are no competing open-source tools
available in the market that can be tailored to match with the user’s own requirements. 

Keywords: board level reliability, component package qualification, environmental
legislation, lead-free manufacturing, manufacturability, QT, virtual qualification





Rahko, Matti, Kvalifiointityökalu infrastruktuurituotteiden komponentti-
koteloiden käytettävyyden arviointiin
Oulun yliopisto, Teknillinen tiedekunta, Sähkötekniikan osasto, Mikroelektroniikan ja
materiaalifysiikan laboratoriot, PL 4500, 90014 Oulun Yliopisto
Acta Univ. Oul. C 407, 2011
Oulu

Tiivistelmä
Työn tarkoituksena oli esittää uusi kvalifiointityökalu (QT) infrastruktuurituotteiden komponent-
tikoteloiden käytettävyyden arviointiin. Laitevalmistajien kehittäessä uusia pienempiä, ympäris-
töystävällisempiä ja kustannustehokkaampia laitteita asettavat he samalla vastaavia vaatimuksia
myös komponenttikoteloille. Vastaavasti komponenttien valmistajat joutuvat kehittämään kom-
ponentteja ottamalla käyttöön uusia materiaaleja ja kotelorakenteita ja kvalifioimaan niiden omi-
naisuuksia asiakkaiden vaatimuksien mukaisesti. Laitevalmistajien riski uusien komponenttiko-
teloiden käyttöönotossa pystytään minimoimaan, kun komponenttikoteloiden kvalifiointi teh-
dään mahdollisimman aikaisessa vaiheessa. Kvalifioinnit tehdään yleensä kvalifiointiasiantunti-
joiden tietotaidon perusteella. Tämä prosessi on kuitenkin perinteisesti hidas, joten nopeammal-
le arviointimenetelmälle on selkeä tarve. 

Työssä kehitettyyn kvalifiointityökaluun määritettiin kahdeksan arviointialuetta. Lisäksi sitä
voidaan käyttää kolmella eri kvalifiontiperiaatteella. Näiden arviointialueiden huomioiminen
kvalifiointiprosessin aikana parantaa selkeästi tuloksen luotettavuutta ja todenmukaisuutta. Työ-
kalu on määritetty siten, että sitä voivat käyttää asiantuntijat avustavana kvalifiointityökaluna
sekä suunnittelijat / komponentti-insinöörit alustavana kvalifiointityökaluna. Lisäksi sitä voidaan
myös käyttää asiakasvaatimusten määrityksessä ja tiedonvälityksessä asiakkaan ja toimittajan
välillä. 

QT:n kvalifiointialueiden määrittelyn ja toiminnallisuuden rakentamisen jälkeen, hyväksyn-
täkriteerit tutkittiin ja arvioitiin käyttäen 44 erilaista kaupallista komponenttikoteloa työkalun
lopullisen hienosäädön tekemiseksi. Koska kvalifioinnin tiedot tallennetaan QT:n tietokantaan,
pystyy laitevalmistajat hyödyntämään aikaisemmat historiatiedot tulevissa kvalifioinneissa. QT
on ennen näkemätön työkalu, sillä markkinoilla ei ole vastaavia avoimen lähdekoodin kvalifi-
ointityökaluja tarjolla, jota voidaan räätälöidä asiakkaan omien tarpeiden mukaisesti. 

Asiasanat: komponenttikotelon kvalifiointi, liitosluotettavuus, lyijytön
valmistusprosessi, valmistettavuus, virtuaalinen kvalifiointi, ympäristölainsäädäntö
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List of symbols and abbreviations 

Alloy-42 42% nickel, 58% iron 

Au gold 

B empirically determined constant, (β value of the Weibull graph in 

the test data)  

c1 1.9–2.0 empirical material constant for SnPb and Pb-free compound 

c2 0.33 value used to extrapolate the laboratory accelerated thermal 

cycles to failure data  

C characteristic level of failures of the test data 

CFPWB PWB thickness flexibility/stiffness conversion factor for the BLR 

calculation 

Cpk process capability index  

Cu copper 

f temperature cycling frequency 

f(test) test cycle frequency  

f(product) service cycle frequency  

Kovar 29% nickel, 17% cobalt, 53% iron, 1% others 

L longest dimension of the component  

Lambda failures per million hours of operation 

Nf number of cycles to a specified cumulative failure 

NY cycle frequency 

Nf(product) the characteristic fatigue life of the product in service  

Nf(test) the characteristic fatigue life of the test vehicles simulating the 

product in testing or accelerated test environment.  

Nf(test_50%) failure level of 50% 

Nf(63.2%) failure level of 63.2% i.e. characteristic lifetime value 

Pb lead (metal) 

Pb-free lead-free 

PdNi palladium - nickel alloy 

QT(R) total result (points) of the qualification 

RB1/2 result of board level reliability / (operating environment 

qualification data input 

RB1 result of board level reliability qualification data input 

RB2 operating environment data input  

RCD1,2 result of total component package (general/material) data input 

RCD1 value of component package general properties input 
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RCD2 value of component package material properties input 

REO result of package specific environmental and other data input 

RMF result of manufacturability qualification data input 

RMS result of manufacturer / supplier data input 

RPD result of PWB data input 

Sn tin 

SnAgCu tin-silver-copper 

SAC tin-silver-copper 

SnPb tin-lead  

SnAg/SA tin-silver 

TA ambient temperature 

TB board temperature 

TE environment temperature 

Tg glass transition temperature  

Tj junction temperature 

Tmax maximum temperature in product/test environment 

ttest_PWB thickness of test PWB 

tref_PWB thickness of reference PWB 

β Weibull shape parameter 

 Weibull characteristic lifetime 

Δ CTE difference 

c component package CTE value 

s substrate CTE value 

Δ (c − s) = the difference in CTE between the component and PWB 

ΔL relative expansion 

ΔT range of temperature change 

ΔTO daily thermal cycle 

ΔTO,Package package level thermal cycle ΔT under field use op§erating 

conditions 

ΔTO,Interconnect interconnect level thermal cycle ΔT under field use operating 

conditions 

Δu shear strain of the component and the PWB 

Δe CTE difference between component and PWB 

3D three-dimensional 

AD  Advanced Data 

AF, AFcycles Acceleration Factor 

AOI Automated Optical Inspection 
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AOQ  Average Outgoing Quality 

AQL Acceptable Quality Level 

BD  Basic Data  

BGA Ball Grid Array 

BFR Brominated Flame Retardant 

BLR  Board Level Reliability 

BOM Bill of Material 

BT Bismaleimide Triazine  

C-DOT Center of Development of Telematics 

C-M Coffin-Manson 

CALCE Center for Advanced Life Cycle Engineer, University of Maryland 

CalceFAST Calce Failure Assessment Tool 

CADMP Computer Aided Design of Microelectronic Packages 

CBGA Ceramic BGA 

CE Concurrent Engineering  

CFR Chlorinated Flame Retardant 

CGA  Column Grid Array 

CLLCC Ceramic Leadless Chip Carrier 

CP Component Package  

CQFP Ceramic QFP 

CSP Chip Scale Package 

CTE Coefficient of Thermal Expansion 

EEE  Electronic and Electrical Equipment  

ESD  Electrostatic Discharge  

FEA  Finite Element Analysis 

FEM  Finite Element Method  

FR-4 Fibreglass Reinforced epoxy laminates (FR-4) 

FIT Failure In Time, Failures per billion hours of operation 

HALT  Highly accelerated Life Test  

HAST Highly Accelerated Stress Test 

HDPUG High Density Package User Group 

HTOL High Temperature Operating Life 

HTS High Temperature Storage 

HW Hardware 

IC Integrated Circuit 

iNEMI The International Electronics Manufacturing Initiative 

IPC The Institute for Interconnecting and Packaging Electronic Circuits 
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JEDEC The Joint Electron Devices Engineering Council  

JESD JEDEC standard 

J-STD JEDEC standard 

JTAG  Joint Test Action Group  

M Manufacturer 

MC  Moulding compound 

MCM Multi-Chip Modules  

MCP Multi-Chip Package  

MEMS Micro Electro Mechanical System 

MLF Micro Lead-Frame®  

MSL Moisture Sensitivity Level 

N-L Norris-Landzberg 

NASA National Aeronautics and Space Administration 

NPI New Product Introduction 

PBB Polybrominated Biphenyl group of flame retardants 

PBDE  Polybrominated Diphenyl Ether group of flame retardants 

PBGA Plastic Ball Grid Array 

PCN Product Change Notice 

PLCC Plastic Leaded Chip Carrier 

PoP  Package-on-package  

PPM Parts Per Million 

PoHS Prohibition of Hazardous Substances 

PQFN  Plastic-moulded Quad Flat package No leads 

PQFP Plastic-moulded Quad Flat Package 

PQV Packaging Qualification Verification 

PVC Polyvinyl Chloride 

PWB Printed Wiring Board 

PWBA Printed Wiring Board Assembly 

QFN  Quad Flat package No leads 

QFP Quad Flat Package 

QT Qualification Tool 

R&D Research and Development 

RAC  Reliability Analysis Center 

REACH Registration, Evaluation, Authorisation and Restriction of Chemical 

substances 

RiAC  Reliability information Analysis Center  
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RoHS Restriction of the use of certain Hazardous Substances in Electrical 

and Electronic Equipment 

S Supplier 

SIP  System in Package  

SLC Subscriber Look Carrier 

SM  Surface Mount 

SMT Surface Mount Technology 

SO Small Outline package 

SOIC Small-Outline Integrated Circuit package 

SRS  Solder Reliability Solutions  

SPC  Statistical Process Control  

TC Temperature Cycle 

TCT Temperature Cycle Test 

THB Temperature/Humidity Bias  

THT Through Hole Technology  

TQM  Total Quality Manufacturing  

TSOP Thin Small Outline Package 

TSSOP Thin Shrink Small Outline Transistor Package 

WeCo Weighting Coefficient 

The terminology used in this dissertation includes concepts of user, customer and 

telecommunication products. ”User” in this context mean the person/persons 

using the QT tool. ”Customer” is the end user of the component package provided 

by manufacturers/suppliers. ”Infrastructure” refers to the telecommunications/ 

telecoms infrastructure equipment which is classified into the infrastructure 

product category. 
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1 Introduction, purpose and outline of the 
thesis 

In today’s demanding world electrical and electronic equipment (EEE) 

manufacturers are continually developing new products which are smaller in size 

and thickness, require good quality and reliability in any environment, are more 

environmentally friendly, fulfill all customer requirements and are at the same 

time more cost-efficient and give the manufacturers better gross margins over 

competitor products. These requirements set out in the product level, impact 

directly on the component package (CP) development. In addition to the 

requirements of the customers, there are also environmental and other reliability 

and safety regulations for component packages which must be fulfilled.  

This means that the component package needs to be thoroughly qualified for 

actual use environments by both the manufacturer and the customer. The CP 

manufacturer’s qualification should include CP data relating to the structure, 

materials, qualification tests and test results. The customer’s qualification 

combines the data received from the manufacturer together with his own 

knowledge of manufacturability. This feasibility qualification enables the 

implementation of new, old or redesigned component packages into products with 

minimal quality, reliability, manufacturability and environmental/other legislative 

risks. 

Quality and reliability are terms that are often used interchangeably. While 

they are strongly inter-connected, they are not the same. Levin & Kalal have 

specified that “Quality has been defined as conformance to specifications while 

reliability is conformance to specification over time” (Levin & Kalal 2003; xxii). 

However, O’Connor states that the usual engineering definition of reliability is 

“The probability that an item will perform a required function without failure 

under stated conditions for a stated period of time” (O’Connor 2002:2).  

Telecommunication infrastructure products, hereinafter defined as 

infrastructure products, are used in every part of the world enabling “connecting 

people”. Products used for this purpose need to operate at all times (24/7). They 

should operate in the deserts as well as on the sea shores even though these 

environments are totally different. Because infrastructure products utilize a large 

amount and a high mix of component packages, connectors and mechanics, it is 

essential that there are no weak links in the product. Typically, an infrastructure 

product contains multiple modules with printed wiring board assembly (PWBA) 

and mechanics. Each PWBA may contain from 500 to more than 1000 component 
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packages representing both new and older technologies. High reliability and 

quality of the component packages are thus key properties that need to be ensured 

in the qualification. Standard such as IPC-SM-785 created by the Institute for 

Interconnecting and Packaging Electronic Circuits (IPC) define additionally that 

the typical length of service for telecom products should be 7-20 years in a wide 

range of operating environments [IPC-SM-785 1992]. Based on these very 

versatile requirements, a large number of critical component package 

technologies can be identified that require more detailed feasibility qualification.  

One essential step before qualification is to recognize a critical component. A 

general principle is that CPs’ which have a high coefficient of thermal expansion 

(CTE) value difference between the CP and the printed wiring board (PWB) 

experience high stresses in high temperature range operating. Also, the 

introduction of new materials and manufacturing processes have caused a new set 

of critical component packages to emerge, even though some of these packages 

have already been in use for decades. Higher temperatures and new consumables 

have narrowed the PWBA assembly process window and therefore old technology 

components are experiencing new problems during manufacture. 

There are standardized approaches for the qualification of component 

packages. For example, qualification of silicon devices is done by the 

qualification package requirement introduced in the The Joint Electron Devices 

Engineering Council (JEDEC) Standard No. 69B (2007). This standard presumes 

that the component package manufacturers are required to define and test the 

package die fabrication, package assembly, electrical functionality, first level 

reliability, moisture sensitivity level (MSL) and inclination to “tin whiskering”. 

(JESD69B 2007) 

Qualification or re-qualification is done mainly with the hard facts and know-

how that qualification specialists possess. However, the preliminary qualification 

should be done as early as possible with a qualification tool that enables users to 

implement a component package into use with minimal risks. In the proposed 

qualification tool (QT), data which companies have collected from previous 

component package qualifications can be used in parallel with the user’s know-

how. Other competing tools either require a competent team for qualifications or 

they focus only on one specific part, e.g. the reliability of the component package. 

Reliability qualification is of course a vital part of the overall qualification but it 

is just one part and other information is additionally required for the total 

qualification. 
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Generally, component package qualification in companies has been the task 

of a few experts. Therefore a QT to assist hardware (HW) designers and 

component engineers in the feasibility qualification process is being developed. 

With the assistance of the QT, users are able preliminarily to qualify a selected 

component’s feasibility in the infrastructure products. They are also able to 

communicate company-specific requirements to CP manufacturers by requesting 

more information. One of the main targets in the feasibility qualification is that 

the new immature component package technologies e.g. Ball Grid Array (BGA) 

based three-dimensional (3D) stacked die technology and redesigned mature BGA 

component packages (for example, those incorporating a new moulding 

compound material) can be utilized cost-effectively with good quality and 

reliability. It means that the technological strengths and weaknesses of a 

component package are studied and tested as early as possible, thus providing an 

advantage to the new component package customers. Advantages can clearly be 

seen, for example in the relatively low cost of qualification at the start of the 

selection process in comparison to poor manufacturability, poor reliability and 

consequent increasing warranty costs and loss of brand value. Also, the iterative 

rounds of the package redesigning costs can be avoided, thus reducing the time 

and costs involved in testing the final product. Van Gils et al. have done research 

on the virtual qualification of moisture induced failures of advanced packages. 

Their research report showed that the use of the various virtual qualification 

techniques resulted in shorter time-to-market and a reduction in costs (van Gils et 

al. 2004).  

1.1 The purpose of the thesis 

The purpose of this thesis is to introduce a novel qualification tool, which is 

targeted to be used for new, old or redesigned component package feasibility 

qualification in infrastructure products. The main principle is that the component 

package’s feasibility needs to be qualified as a whole entity, not just concentrating 

on the specific parts of the qualification.  

In the CP feasibility qualification all essential parameters of component and 

PWB material properties, the manufacturer, reliability, manufacturability and 

package specific environmental and other compliance risks are taken into account. 

With the proposed QT, all essential sub-areas are qualified together. These areas 

are selected both from experience and from a scientific basis of knowledge. If 

these areas are not included, the feasibility qualification cannot be performed. As 
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there are eight sub-areas their parameters need to be balanced against each other 

and that balancing has been done with the setting of Weighting Co-efficient 

(WeCo) factors. These sub-area parameters are qualified in one tool and the 

overall feasibility of the component package is quantified as the arithmetic sum of 

all these parameters. The QT result is either “Approved”, “Approved with 

concern” or “Rejected”. Those component packages that are at the approved level 

can be implemented straight into use, whereas those that are approved with 

concern might need additional testing or information (data). For those CPs that 

have been rejected it is necessary to find other CPs to replace them or 

alternatively they will need to be redesigned. The qualification result is shared 

with internal/external customers and thereafter the risks involved in the CP 

selection and their implementation into products are known. 

EEE manufacturers request from the CP manufacturers a component package 

with certain functionalities, package type and size. In order to fulfill these 

requests, iterative design cycles are often required because first prototype CPs 

may not be suitable for customer needs. When a component package is qualified 

with the QT from the first CP prototype onwards, the risks and benefits involved 

in selecting that particular CP are known from the very beginning. The QT 

provides a first sight of the feasibility of a component package in the 

infrastructure products by qualifying the CP against set requirements. In addition, 

based on the QT feasibility qualification result, the user is able to give the 

component package a qualification/re-qualification recommendation for the 

infrastructure products. 

Thereafter, when the component package is developed further the progress 

may be tracked from the QT history database. The QT results of different 

generations of component package and component package technologies are 

comparable if the data input and used standards are maintained. It is essential that 

the QT users set common company-wide rules for the qualification so that the 

results are trustworthy.  

The QT is targeted as a preliminary feasibility qualification tool, e.g. for HW 

designers at the outset of a new design, for component engineers when discussing 

with CP manufacturers and as an assisting tool for experts such as reliability 

designers. The QT can be used for communication of the customer feasibility 

qualification requirements in order to facilitate data requests from the 

manufacturers. The QT will also point out whether additional tests for CPs are 

required for the next qualification rounds. Additionally it may be used to identify 
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required changes to the production lines; for instance if they are incapable of 

assembling the component package into PWBs. 

The QT has been built as an open source tool and therefore it is offered free 

to all users to use and modify. The primary version has been written in the 

Microsoft® Excel base so that it can then be modified with ease. Also, from 

various parameter calculations and from the conversion point of view, macros 

give good support to calculation functionalities. However, QT can be used in any 

software that can utilize .xlsx type files. 

The functionality of the QT parameters in this thesis has been set and tested 

for the CP’s qualification in infrastructure products. However, with changes to the 

WeCo values – but not as it is – it can also be used for other products. 

Additionally the QT is build such that advanced testing methods like power 

cycling with vibration, drop tests etc. can be inserted with only minor 

modifications. For consumer products such as mobile phones, drop initiated 

failures are a more realistic failure mode, and so a drop test qualification factor 

would then need to be added into the QT (Mattila & Paulasto-Kröckel 2010).  

The main idea of the QT proposed here has been developed and investigated 

by the author. In addition to the author’s experience of many years in the field of 

component packaging reliability, the research work included a broad literature 

scientific survey for background information, the creation and development of the 

tool itself, and the intermediate and final testing of its functionality using 

commercial component packages. Additional features included in the QT, such as 

data collection and open source formats, statistical approach and evaluations as 

well as the possibility to tailor it to match with the user’s own requirements are 

also the author’s contribution. The proposed QT is also unique because, as far as 

the author is aware, there are no other similar component feasibility qualification 

tools available in the open literature that provide comparable features.  

1.2 Outline of the thesis 

In Chapter 2, the standard approach to qualification is reviewed. The focus is on 

the standardized approach to qualification, earlier introduced qualification tools, 

initiators for the qualification and risks mitigation in component package 

implementation. The theory required to support the standardized qualification is 

reviewed. This theory includes component package and PWB structure 

identification, relevant component package failure mechanisms, board level 
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reliability impact on standard qualification, alternative reliability qualification 

methods and manufacturability definitions.  

In Chapter 3 the proposed approach to feasibility qualification is covered. In 

this chapter, the QT as qualification risk assessment tool and its qualification 

principles are reviewed. The feasibility qualification sub-areas calculation 

equation is introduced and these sub-areas inter-dependencies are reviewed. 

Thereafter, advanced theory that is required for the operation of the QT is 

discussed. This theory focuses on creating understanding on the risks of new, old 

and redesigned CPs selection, impact of use environments on failure mechanisms; 

component package, PWB, manufacturer qualification parameters definitions. 

Also alternative temperature cycle testing’s (TCT) conversion, expected 

characteristic lifetimes of categorized component package technologies and 

package-specific environmental data definitions are reviewed. 

In Chapter 4 the qualification drivers and input parameters to the tool are 

defined. These cover manufacturer supplied product change notice (PCN) 

information together with information on component package and PWB materials, 

the manufacturer, reliability, manufacturability and package-specific 

environmental and other data. In this chapter a case study of one component 

package’s QT result is reviewed when parameter definitions are discussed. 

In Chapter 5 a case study of component package qualification with an 

alternative tool is reviewed. The results of the certain QT sub-area inter-

dependence with other sub-areas are analysed. The functionality and effectiveness 

of the QT results are demonstrated with examples of high, medium and low stress 

component packages.  

In Chapter 6 the functionality of the QT is discussed, together with what are 

its potential benefits and drawbacks for the qualification process. Comparison is 

made with competitor products in order to highlight the benefits that the QT will 

provide. Also new development areas are defined. 

Chapter 7 is a summary of the QT as its usability and operational 

functionality has been analysed and proven in the thesis. Especially, differences in 

the technology and material choices of similar packages emphasize the 

effectiveness of the approval criteria built into the QT.  
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2 Standardized approach to qualification 

Standardized approaches to component package qualification have been 

developed by the Joint Electron Device Engineering Council (JEDEC), other 

standardization organisations and companies internally. These standard 

approaches have limitations and consequently they can serve only as a basis for 

qualification. They cannot provide feasibility qualification to a wide range of 

users. Component packages are typically qualified with standardized qualification 

processes and methods. One example of a qualification process is defined in the 

JEDEC Standard JESD47G in which the requirements for the stress-test-driven 

qualification of integrated circuits are defined. The results of the qualification 

need to be reported and for that reason the JEDEC standard JESD69B for the 

qualification package of silicon devices has been defined. The CP manufacturer 

should provide this qualification package to the customer within a mutually 

agreed time schedule. The utilization of this qualification package is vital for 

customers when they are qualifying a CP. The qualification package should 

include all relevant data. This could include a component’s die, die adhesive, 

moulding compound, lead finish material data, die fabrication and package 

assembly (including lead finish or solder ball material). Also relevant are tin 

whisker mitigation techniques (on tin or tin alloy finishes) and internal 1st level 

reliability qualification and electrical functionality testing. (Rahko et al. 2005, 

JESD47G 2010, JESD69B 2007)  

Fig. 1 shows the six areas of a component package that need to be tested and 

analysed before the CP manufacturers can provide the JEDEC STD No.69B 

Qualification Package to their customers. (JESD69B 2007)  
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Fig. 1. JEDEC JESD 69B qualification package content. 

These six areas do not yet contain 2nd level reliability i.e. board level reliability 

(BLR), test data. This data needs to be requested as an additional testing service 

from the manufacturer/supplier. BLR test results on PWBA are fundamental for a 

new component package when its feasibility in various operating environments is 

qualified. The qualification results of a previously qualified component package 

can be used for the qualification of a new, similar package. Fig.2 shows the 

definitions of 1st and 2nd level interconnections on various CP technology 

structure types.  
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Fig.2. First (1st) level and second (2nd) level interconnections. 

1st level reliability testing concentrates on the component package’s internal 

interconnections reliability i.e. solder ball joints and wire-bonds used for die 

attachment to lead-frame or substrate. 2nd level reliability testing concentrates on 

component package-to-PWB interconnection and especially solder joint reliability.  

This thesis excludes non-soldering interconnection methods. The major 

concern if only 1st level interconnection reliability tests are done is that the 

component, after assembly to PWB, will exhibit failure modes that are not 

detected during the 1st level interconnection reliability qualification of a plain 

component package. Internal failures may be found in the various areas of the 

component package, from the package materials, package circuitry and the silicon 

device, due to chip-package-PWB interactions. JEP 150 defines testing methods 

for component and assembly level. In principle they utilize similar testing 

methods, but they differ in the length of the testing, number and scale of 

temperature cycles. These component and board assembly level tests are defined 

in Appendix 1. (JEP 150 2005)  

2.1 Initiators for component package qualification  

New component packages that are introduced into the markets can be classified 

into two categories by their development principle. Packages may be either 

evolutionary or revolutionary. The evolutionary component package is an 
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improved version of an existing CP, thus it does not bring large-scale changes in 

its feasibility. However, revolutionary component packages may introduce new 

functionalities in a new CP structure, material or technology. In next generation 

infrastructure products, higher frequencies and higher integrated circuit (IC) 

integration require more complex CP structures such as the introduction of micro 

electro mechanical system (MEMS), 3D stacked die multi chip module (MCM) or 

Package-on-Package (PoP). (Pecht & Das 2000) These revolutionary packages 

have greater needs for feasibility qualification as there might not be any previous 

qualification data available.  

Alongside the CP manufacturer’s own development activities there is also 

pressure from the internal and external (e.g. legislative) requirements of research 

and development (R&D) companies. These requirements come from changes in, 

for example, PWBA design layout or component package manufacturability 

problems, which initiate a necessary change in the design, structure or material of 

a component package. Cost reduction or alternative materials requirements may 

also act as a driver for package redesign and re-qualification. External demands 

may come from various country-specific material legislation restrictions on the 

use of hazardous substances. These can initiate actions for phasing out and 

introducing safer materials and substances into products. BNA International offers 

global follow-up service of the hazardous/toxic substance related legislation 

development in the world (BNA 2011). This reference shows how frequently and 

rapidly the toxic substances restricting legislation are developing.  

Based on the author’s knowledge of CP qualification work and the J-STD-

020D.01 standard, various factors have been identified to be the main reasons for 

issuing a PCN for an evolutionary CP or CP family. The factors include changes 

in a plastic component package’s encapsulation (epoxy moulding compound with 

CTE change higher than 50%), increase/decrease of die size and die attach 

material/process change. Also included are lead-frame material change, terminal 

plating material change, solder ball material change, package size 

increase/decrease, component lead pitch narrowing, change in moisture sensitivity 

level and/or a change in internal connections methods such as from wire bonding 

to flip chip. (J-STD-020D.01 2008:12) In principle, all these changes should 

initiate a full feasibility qualification of each CP or CP family.  

According to the integrated circuit manufacturer Intel, changes in the form 

factor require temperature cycle testing because the change in die or package size 

may change the package-experienced stresses during use. If there are changes in 

package materials or the manufacturing process, then qualification may also 
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require MSL validation (Intel 1999). Fairchild’s PCN initiates a change of the 

mould compound for the SC70 package (Thin Shrink Small Outline Transistor 

Package (TSSOP)). When significant changes in semiconductor manufacturing 

processes or materials occur which require the introduction of any new 

manufacturing process, the components must undergo proper qualification prior 

to their release into component manufacture. This ensures that the manufacturing 

process flow of the affected package will still be capable of consistently meeting 

the specifications of form, fit, and function of the final products, even after the 

change (Fairchild 2009). 

After changes to the materials or manufacturing process are made, the 

customer expects to receive a Qualification Package from the manufacturer to 

validate the need for re-qualification at product level. (JESD69B 2007) Re-

qualification is done to ensure that component packages can withstand elevated 

manufacturing process temperatures, internal reliability tests, etc.  

2.2 Risks mitigation in new component packages implementation  

In the 1970s and 1980s, products experienced high infant mortality failure rates 

because there was considerable variation in component quality. Implementation of 

Concurrent Engineering (CE), Total Quality Manufacturing (TQM), continuous 

improvement and Statistical Process Control (SPC) changed that and now 

reliability and quality have reached stable levels. Since the 1980s the reliability of 

the product has not been driven by the quality of the components but by the 

quality of the design and manufacturing process, where reliability issues are 

seamlessly included. (Levin&Kalal 2003:100) 

Thus risk mitigation in the qualification of new component technologies 

requires a 180-degree approach (Fig. 3). Risks can be found by reflecting on past 

problems and by looking ahead to see what new issues pose a significant risk. For 

reflection, the lessons learned from the qualification of previous component 

technologies need to be utilised. (Levin&Kalal 2003:200) On the other hand, 

when looking ahead, new risk issues need to be identified based on past 

experience.  
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Fig. 3. 180-degrees of risk mitigation. 

When “Reflecting back” is utilized, one must concentrate on four focus areas for 

the lessons learned: manufacturing and rework, testing, component and supplier 

issue management, and reliability. In order to be able to control these areas, 

information from previous products needs to be gathered after the products have 

reached volume manufacturing. At that point it is important to review whether the 

manufacturing produced a good yield or whether rework was needed. Thus 

component reliability information, gained from a product’s history of field returns, 

should be analysed to compile information of the field reliability under various 

conditions.  

From the point of view of the lessons learned, it should be remembered that 

the tin-lead (Sn-Pb) soldering technique was used for the whole of the last century, 

and for some products it is still in use. Although Pb-free manufacturing has been 

employed for the last 10–20 years, databases of field failures are not yet available 

on the same scale as those from the Sn-Pb soldering process. This situation is of 

course changing and more knowledge is continually being collected from the 

performance of component packages in the operating environment. 

Failure rates of micro-electronic devices have fallen radically since the early 

1970s, so that the microelectronic devices themselves do not currently present as 

large a risk as they did in the past. In the 1980s, failure rates were often specified 

in failures per million hours of operation but today parts are specified in failures 

per billion hours of operation. (Levin&Kalal 2003:27) The level of failures is now 

defined by the term Failure in Time (FIT) which refers to the number of failures 

per 109 service hours (Dimitrijev 2000).  

When looking ahead, one must concentrate on doing proactive research and 

predictive engineering on the design, manufacturing, supplier, and test risk areas. 

“Looking ahead” requires identifying technology, supplier, manufacturing, test 

and design issues which may pose challenges. For example, if new component 

packages exceed the capabilities of the current process then new processes need 

to be introduced, including new assembly machines, handling tools, reflow ovens 

etc. These risk issues, if not mitigated, may induce latent failures in the field.  

Looking ahead Reflecting back Risk 
Mitigation 
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Salmela and Frisk et al. have shown that new leadless surface mount 

component package types are typically high risk components because of their 

limited reliability in demanding applications and harsh environments. Thorough 

qualification and possibly even preventative maintenance are required before they 

can be accepted into these applications. (Salmela 2005:71, Frisk et al. 2002)  

2.3 Earlier introduced Qualification tools  

CP manufacturers, test laboratories and universities offer tools for qualification, 

but in many cases they are focused just on specific areas e.g. reliability 

simulations of a product or a specific component package, manufacturability 

qualification or analytical calculations of the reliability of the component package 

solder joints, etc.  

One of the first attempts to overcome this problem was performed in the 

Centre for Development of Telematics (C-DOT). C-DOT developed a range of 

systems and methodologies to evaluate local component-vendors for building 

cost-effective products, predominantly relevant to the dispersed rural needs of 

India. Such products required built-in qualities of ruggedness, upgradeability and 

reliability to withstand the prevailing extreme environmental/climatic conditions. 

With a thorough knowledge of the local component-vendors, a vendor 

development program and qualification of the component manufacturers was 

launched. The main target was to build a qualification strategy for verification of 

the trade-offs between product performance, reliability and cost. The standard 

method that C-DOT developed for qualifying local components included 

definitions of the standard method rather than a standard test space/test sequence. 

Also included were adaptability to different processes/products, cost effectiveness, 

maturity of technologies, availability of suppliers, and availability of test facilities. 

(Settur et al. 1998) Settur’s methodology is a good approach to component/part 

qualification, but even this approach does not include all the areas required for 

feasibility qualification. 

The objectives defined in the C-DOT qualification strategy also apply to all 

infrastructure products designed, manufactured and used globally. Therefore this 

kind of qualification strategy is an essential methodology for use when qualifying 

component package technologies for products in global environments.  

Syrus et al. have presented a different approach to part (e.g. component 

package) assessment. Within their part assessment methodology, three elements 

were established: quality data (Average Outgoing Quality (AOQ) and the process 
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capability index, Cpk), integrity data (integrity monitor test results) and assembly 

guidelines (and their availability from the manufacturer). From these a set of 

recommended assessment categories were formed. The categories were developed 

to contain the minimum number of criteria fully to assess the part’s suitability. 

According to this methodology, a part cannot be recommended for use unless all 

criteria in each category are qualified satisfactorily. (Syrus 2001a) 

Dylis & Priore, in the Reliability information Analysis Center (RiAC), have 

developed an engineering software tool, PRISM®/217Plus™, to assess the 

reliability of electronic systems. This tool concentrates on reliability qualification. 

With the new methodology of using all available test and/or field reliability data it 

is supposed to form a best estimate of field reliability. PRISM/217Plus™ also 

estimates the failure rates of electronic systems (Dylis & Priore 2001). This 

method and tool has merit for reliability qualification. However, it does not take 

into account the manufacturability or environmental legislation requirements. 

The Center for Advanced Life Cycle Engineering (CALCE) consortium in the 

University of Maryland (Baltimore, USA) has programmed a reliability 

qualification simulation tool, Calce Failure Assessment Software Tool (CalceFast), 

for failure and engineering analysis related to component packages. CalceFast 

provides a failure analysis software tool via the internet. (Osterman 2008) The 

tool requires an input of all the CP and PWB data together with the 

manufacturability data. However, it again does not take into account the 

environmental legislation requirements that are important factors to be included in 

the feasibility qualification. The Computer Aided Design of Microelectronic 

Packages (CADMP-II) is another reliability assessment and virtual qualification 

software tool from CALCE. This software is supposed to allow engineers to 

create less expensive designs that are quicker to market due to its ability to 

specify, qualify and optimise cost-efficient materials, package geometries, and 

manufacturing processes. (McCluskey & Pecht 1999)  

Another way of analyzing the lifetime of a component package is to utilize 

analytical models for lifetime prediction based on the reliability data and Finite 

Element Method (FEM) simulations. (Salmela et al. 2004, Clech 2005, Yang et al. 

2009, Salmela 2006). Lee et al. have shown that there are altogether fourteen 

different methods by which to perform the lifetime prediction of CP solder joints. 

These models are classified into five categories: stress-based, plastic strain-based, 

creep strain-based, energy-based and damage-based. However, in this thesis the 

Acceleration Factor (AF) calculations and lifetime prediction are based on the 

Norris-Landzberg modification of the plastic strain-based Coffin-Manson 
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equation. This model is today one of the best known and most widely used 

methodology. (Lee et al. 2000) 

There are also methods in place to ensure a component package’s Pb-free and 

Restriction of the use of certain Hazardous Substances in Electrical and 

Electronic Equipment (RoHS) processes capability. Garfinkel et al., had a patent 

for a “Method for specifying accelerated thermal cycling tests for electronic 

solder joints durability”. However, for this patent the estimated expiration date is 

January 19th 2020. (Garfinkel et al. 2001) 

Reliateck is offering services on product qualification, IC and product testing, 

product/component screening, etc. However, they are not offering total 

component package feasibility qualification method similar to that of the 

proposed QT. Reliateck offers, for example, life data analysis or operating life 

testing data analysis services. With this service they help customers to improve 

product design margins, detect early defects during prototyping, increase quality 

and reliability and eliminate warranty returns. (Reliateck 2009) 

Clech J-P has introduced a Solder Reliability Solutions (SRS) tool, which is a 

PC-based design-for-reliability application. This tool focuses on design and 

material issues that affect the reliability of perimeter PBGA and Chip Scale 

Package (CSP) assemblies. Relevant tools have been implemented in the PC-

based application that allows for rapid assessment of the effects of package 

geometry and material properties on solder joint reliability. EPSI Inc. provides 

hard data, test plans and analysis together with recommendations for problem-

solving or product improvements. Based on this work and its SRS tool, EPSI 

maintains large and growing databases of solder properties, reliability models and 

failure data in the electronics industry. SRS is targeted on users of 

quality/reliability-conscious corporations in all segments of the electronics 

industry. (Clech 1997, Reichelt & Clech 1999) On the other hand, this tool does 

not have some of the functionalities, e.g. manufacturer/supplier data qualification, 

that will be included in the QT.  

The National Aeronautics and Space Administration (NASA) use a specific 

process flow for their Packaging Qualification Verification (PQV) plan. In this 

procedure they study the quality and reliability of a component package by 

checking the conformance of hardware to the specifications, guidelines and 

workmanship standards. Also, product performance to intended function over 

intended life under environmental/life-cycle loads is the target of this procedure. 

The qualification verification targets for NASA products defined by Ramesham 

are similar to those for infrastructure products. Reliability of the hardware is 
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ensured with proper and thorough component technology qualification. 

(Ramesham 2004) 

There are thus many qualification tools available; however, these tools are 

generally used for a narrow field of qualification. Other tools mainly concentrate 

on demonstrating, by calculation, testing or simulation, that component packages 

are reliable. 

2.4 Theory for the standard qualification parameters  

The following chapters define the factors that are required to support the standard 

qualification of the component packages. The background will be defined for the 

component package materials and structure, component package failure 

mechanisms, PWB materials and structure, BLR and manufacturability. In order 

to understand the impact these factors have on the standard qualification approach, 

they need first to be clearly defined. 

2.4.1 Component Package Structure Identification and 
Categorisation 

As there are dozens of component package technologies used in the infrastructure 

products, there is a demand to create categories for controlling component 

packages. As an example, Wilmshurst proposes several different categorisations 

for component packages to support the decision making process. Before starting 

categorisation, questions such as “why are components categorized?” and “how is 

component categorization data used?” should be asked. Thus one must fully 

understand why component package categorisation is needed and how it will 

affect the decision making process in the future. Only after the categorization 

criteria and principles have been carefully selected can real component package 

categorization be performed. (Wilmshurst 2003) 

Table 1 shows created component packages / component package 

technologies categorization. It is primarily based on the “Component package 

material” types. Reason for this categorization is that component packages belong 

to these main material type groups, thus when their qualification is done with 

standardized tools, they are also possible to qualify with the proposed 

qualification tool. These CP material types are then split into “Moulding 

compound type”, “Interconnection type” and “Substrate material” within each 

relevant package technology. In the “Packaging examples” column some of the 



 33

package types which represent the most commonly used examples of the 

components are shown.  

Table 1. Categorization of component packages. 

CP material 

Type 

Moulding 

compound 

Interconnection type to 

PWB 

Substrate 

material 

Packaging examples 

PLASTIC Epoxy 1 Leadless  QFN, (MLF*) 

2 Leaded NA/FR-4 QFP, SO, (hybrid, MCM) 

3 Solder ball FR-4, BT BGA (CSP, PBGA) 

4 Leaded, solder ball  Connectors 

 

CERAMIC Ceramic 1 Leadless  CLLCC, (oscillator, SAW filter) 

2 Leaded   CQFP, CCGA 

3 Solder ball  CBGA 

 

METAL  1 Leaded,  

2 Leadless 

PWB/NA Connectors (shields, covers) 

3 Solder ball  TBGA 

* Amkor registered trademark 

The plastic CP type categorization has been defined for epoxy over mould 

packages such as leadless Quad Flat package No leads (QFN), leaded Quad Flat 

Package (QFP), Small Outline package (SO) and connectors. Furthermore it is 

divided on epoxy over mould packages on Fibreglass Reinforced epoxy laminates 

(FR-4) or Bismaleimide Triazine (BT) substrate such as BGA and CSP with 

solder ball interconnections. The ceramic CP type categorization has been defined 

for ceramic structure such as Ceramic Leadless Chip carrier (CLLCC), Ceramic 

QFP (CQFP) and Ceramic BGA (CBGA). Metal type categorization has been 

defined for metal structured components such as connectors, shields and covers. 

Wire bonding is used typically in internal connections from the die to the 

lead-frame and substrate on QFP, SO and BGA packages. However, BGA 

packages also use flip-chip solder balls for internal connections.  

Leads and lead-frames in QFP, QFN and SO packages are typically copper, 

copper alloys, Alloy-42 (42% Ni – 58% Fe) or Kovar (29% Ni – 17% Co – 54% 

Fe). Leads are typically plated with Sn (tin), Sn-Pb (tin-lead) solder or Pd-Ni 

(palladium-nickel). BGA and CSP solder balls are typically Sn-Ag-Cu/SAC (tin-

silver-copper) or Sn-Ag/SA (tin-silver). (Hwang 2001) Ceramic component 

package castellation/solder lands are Au (gold) plated. There are also advanced 

technologies such as Sn-Ag-Cu plated polymer BGA solder balls, but these solder 
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ball component packages are treated in the qualification processes in a similar 

manner to other technologies. 

Fig. 4 describes three interconnection types, leaded, leadless, and solder ball, 

which are used as primary interconnection types. The example shown of a leaded 

interconnection is a gull-wing-type lead, which is typically used for QFP and SO 

components. However, there are variations in the package lead structure such as 

the J-lead type, but the unifying factor is the component package standoff height 

from the PWB surface. Typically, the leadless type is used for QFN/CLLCC, chip 

resistor/capacitor, ceramic filters, and oscillators, and the solder ball 

interconnection type is used for BGA and CSP component packages. 

Fig. 4. A schematic presentation of the leaded, leadless and solder ball 

interconnection types and their solder joint form. 

Depending on which of these three major interconnection types is employed in 

the component packages-to-PWB interconnection, they experience different 

levels of stress in the operating environments (high, medium, and low stress 

environments). The solder joint form (leaded, leadless or solder ball) determine 

the maximum stress level that can be experienced in a solder joint during 

operation.  

Leaded component packages, are more robust and reliable, i.e. can withstand 

higher cyclic stresses, because of the component lead structure and standoff 

height. Compliant leaded interconnections do not stress the solder beyond the 

yield strength, whereas stiff leadless interconnections typically do. (Engelmaier 

1993, Puligandla & Singh 1998) Based on these facts these leaded 

interconnection type component packages may be identified as low stress and 

thereby low risk packages. However, the introduction of new materials and 

structures (e.g. MCM) may bring new challenges in using these types of package. 

PBGA components have been used already for 15 years and so the risks 

associated with these packages are quite well known. Solder ball interconnections 

provide larger reliability margins which increase with decreasing lead stiffness. 

Solder joint

SOLDER BALL  LEADLESSLEADED 

Component 

 

PWB 
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The solder joint height determines the strain level experienced in the solder joint 

for a given component displacement. Higher solder columns or solder balls 

reduce the shear strains in the solder joints and hence increase reliability. 

However, the solder ball joints in different matrices may pose some risk and 

consequently these component packages may be categorized as medium stress 

and medium risk. 

Typically, leadless and especially ceramic leadless components have been 

found to be critical packages in infrastructure products. The criticality of these 

components has been based on the stress initiated by thermal mismatch between 

component package, solder joints and PWB. Leadless components such as 

ceramic leadless chip capacitors and ceramic oscillators have been used in 

manufacturing for approximately 15 years and the interconnection failure modes 

of these components are quite well known. If a leadless package has a ceramic 

base, its CTE differs significantly from that of FR-4. Leadless packages do not 

have leads to take the stress of the CTE mismatch, so the solder joint has to 

handle all the stress. With these packages the CTE mismatch is the factor which 

most affects the reliability of package, solder joint and PWB materials. (Salmela 

2005:48, Wu et al. 2002) These components may be categorized as high stress 

and high risk component packages.  

2.4.2 Identification of component package failure mechanisms 

Table 2 categorizes the failure mechanisms of various component package 

technologies. It utilizes CP categorization in Table 1. The categorization is of 

importance because different component package and interconnection types 

experience different failure mechanisms. For example, CLLCCs commonly have 

failures related to solderability issues and fatigue failures but PBGAs and PQFPs 

might also experience package warpage or delamination. Most fatigue failures 

can be attributed to thermo-mechanical stresses in the solder joints caused by the 

CTE mismatch so that components experience cyclic stresses and strains that 

produce permanent damage to the joints. (Rahko et al. 2006, Lee et al. 2000, 

Roesch & Brockett 2007).  
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Table 2. Component package categories common failure mechanisms. 

CP material 

type 

Packaging examples Interconnec tion 

type 

Common Failure mechanisms**, ***  

PLASTIC 1 MLF *,QFN Leadless package delamination, warpage, solder 

joint fatigue  

2 QFP, SOIC, SO, hybrid, 

MCM 

Leaded package delamination, warpage, solder 

joint fatigue  

3 Connectors Leaded solder joint fatigue 

4 CSP, Stacked CSP, 

PBGA, BGA connector 

Solder ball cracking and solderability 

issues/failures, warpage, 

solder joint fatigue  

 

CERAMIC 1 SAW-filter, CLLCC, 

capacitor, oscillator 

Leadless solderability issues / failures, solder joint 

fatigue  

2 CQFP, CCGA, Leaded, solderability issues / failures, solder joint 

fatigue  

3 CBGA Solder ball solder joint fatigue, cracking and 

solderability issues/failures  

 

METAL 1 Shields, connectors, 

covers 

Leaded, leadless fractures, solderability issues/failures 

2 TBGA Solder ball solder joint fatigue, cracking and 

solderability issues/failures  

* Amkor registered trademark, ** Roesch & Brockett 2007, *** Dasgupta & Pecht 1991 

Numerous studies are found in the literature concerning solder joint failure 

mechanisms (Puligandla & Singh 1998, Dasgupta & Pecht 1991, Clech et al. 

1993 and Engelmaier 1997). Fatigue and solder joint failure, e.g. solder cracks in 

component package leads, are primarily caused by temperature cycling (ambient 

and/or operating conditions). The thermally induced residual stresses depend on 

the CTE mismatch encountered during temperature cycle tests (TCT). In order to 

characterize the potential for failure, TCTs are used to analyse the board level 

reliability of different component packages. (Albrecht et al. 1999, Dasgupta & 

Pecht 1991, Clech et al. 1993, Engelmaier 1997) 

PWB, leads, solder joints, and component package moulding compound may 

all have different CTE values. CTE-mismatches typically range from ca. α = 2 

ppm/°C (1 ppm = 1 × 10−6) for CTE-tailored high reliability assemblies to ca. 

α = 14 ppm/°C for CLLCC components on FR-4 PWBs. As CTE mismatch 

increases, so do the strain, and thus the thermal cycling life decreases. During the 

temperature cycle, PWB, leads and moulding compound expand and contract at 
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different rates, which cause a global difference in the materials (Engelmaier 1997). 

The plastic leadless component package is a relatively good structure for 

components with an estimated long characteristic lifetime because the CTE of the 

moulding compound is α = 20–25 ppm/°C against that of the PWB (α = 14–18 

ppm/C). However, leadless ceramic component package material is estimated to 

have a short characteristic lifetime due to the CTE mismatch between PWB and 

the ceramic package (CTE of ceramic ca. α = 6 ppm/C) (Clech et al. 1990).  

In the construction shown in Fig. 5, the thermal expansions mismatch- caused 

shear strain, Δu can be calculated from Equation 1. 

 Δu = Δα × L × ΔT, (1) 

where 

Δu shear strain of the component and the PWB 

Δα = (αc – αs) the difference in CTE between the component and PWB 

αc component package CTE 

αs substrate CTE 

L the longest dimension of the component (often the diagonal) 

ΔT range of temperature change. 

Fig. 5. Schematic presentation of the thermal expansions during temperature 

fluctuation. 

If rigid solder joints are to survive cycling during the specified life, the 

component size may have to be limited or the stand-off height increased to 

withstand higher temperature fluctuations and CTE mismatch. BGA type package 

solder balls have typically the highest stand-off distance. The solder castellated on 

leadless packages is typically only 10% of that height. The leaded components 

have a relaxation capability built into the leads which dramatically reduces the 

α s 

α c equilibrium Heating/cooling

Component 
package 

Solder joint 

PWB 

∆ L = relative expansion L 

CTE values : α s (14-20ppm/ °C)  > α c (4-8ppm/ °C)
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stresses induced in the solder joints. This is why the smaller volume leaded solder 

joints are much more reliable than the leadless castellated component packages. 

Despite that, some lead materials generate very high local stresses due to the 

material property incompatibility. For instance, the CTE mismatch of the NiFe 

alloys and the PWB is in the level of α = 9–18 ppm/C, which impacts directly on 

the reliability (Clech 1990). 

Plastic leaded chip carrier (PLCC) and thin small outline package (TSOP) are 

generally highly reliable component packages. However, when the component 

lead frame material is Alloy-42 (42% Ni – 58% Fe), it is a well-known fact that 

failures are likely to happen due to the high CTE mismatch between the lead 

frame (CTE, α = 9 ppm/ °C) and the PWB (CTE, α = 14–18 ppm/ °C). While 

PLCC and TSOP component packages are robust systems in themselves, the 

materials used in combination with short stiff leads may limit the solder joint 

capability for certain designs (Clech 1990, Noctor et al. 1993, Puligandla & Singh 

1998). Moreover, the adhesion between the Alloy-42 and solder has been reported 

to be poor (Fay et al. 1997). Noctor et al. conducted studies with a TSOP 32 

component package having an Alloy-42 lead frame for the Subscriber Loop 

Carrier (SLC) product. The TCT used for a TSOP package with an Alloy-42 lead 

frame was 0 °C…+100 °C, 30 minutes cycle. According to Noctor, the PLCC and 

PQFP component package with copper lead frames may last for 10,000–15,000 

thermal cycles of 0 °C … 100 °C before solder fatigue failures occur. However, 

when TSOP packages with Alloy-42 lead frames were tested after double reflow 

cycles the failures started at ca. 900 cycles. All packages had failed by less than 

3000 cycles in various tests (Noctor et al. 1993). 

The Weibull distribution is a statistical model that is widely used in reliability 

analysis for characterising a component package’s solder joint lifetime and wear-

out failure mode. Other statistical models are e.g. lognormal, normal (Puligandla 

& Singh:285). The Weibull distribution can be used for all failure phases of the 

component package. A 2-parameter Weibull distribution is normally used because 

a 3-parameter Weibull distribution incorporating the failure-free period of time 

parameter, γ, is not commonly required (Salmela 2005:51). The Weibull 

distribution is introduced because sometimes the manufacturers provide Weibull 

figures for their customers, who then need to be able to extract the relevant 

information for use in the QT. With the Weibull shape parameter, β, the user is 

able to define in which phase the component fails. When β < 1, components may 

experience “infant mortality” failures (Fig. 6), when β = 1, failures occur during 

“useful life” and random failures are dominant and when β > 1 failures occur in 
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the “wear out” period which is mostly responsible for failures. (Levin & Kalal 

2003:100)  

Fig. 6. The “Bathtub Curve”. 

The Weibull distribution may also be used to define the characteristic lifetime, . 

This is equivalent to the number of cycles after which 63.2% of the samples being 

tested have failed as shown in the Fig. 7. 

Fig. 7. BLR test results for CLCCs as 2-parameter Weibull graph. 

Fig. 7 shows a typical Weibull plot of the BLR test results of a CLLCC 

component package. Characteristic lifetime value (63.2%)  in dotted line has 

been added into this graph. This shows that the interconnection of SnAgCu solder 
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alloy and SnAgCu component finish got result of  = 2360.2202 cycles and the 

shape parameter β =5.6963. As a comparison to Pb-free process, the SnPb solder 

alloy and SnPb component finish got result of  = 1670.8514, while the mixed 

process of SnAgCu solder alloy and SnPb component finish got result of 

 = 1721.3891. (Woodrow & Starkovich 2008) These values can be used in the 

conversion of alternative BLR test results to the reference test results.  

2.4.3 PWB materials and structure definition  

In the standard CP qualification it is essential that the only variable in the 

qualification is the CP. This means that PWB thickness, length, width, number of 

layers, vias and via sizes need to remain similar and their dimensions should be 

based on the standard values. Especially for CP temperature cycle testing, the 

PWB details are defined in the IPC-9701 standard (IPC-9701 2002). Even though 

there is a standard thickness there might be a situation where alternative PWB 

thicknesses are used. Thus it is important that the impact of the PWB thickness is 

notified in the final result of e.g. BLR qualification. 

From the manufacturability point of view there are many requirements for the 

PWBs. Under the reflow soldering process they need to maintain tight dimension 

tolerances for component package placements, tolerate high peak temperature for 

prevention of bowing/twisting of multilayer PWB, etc. It is important that PWB 

thickness (CTE, plating) is either the nominal IPC-9701 recommended PWB 

thickness of 2.35 mm or it is close to the final product thickness. Especially when 

the IPC-9701 recommended PWB parameters are used the results are comparable 

between old and new component package qualifications.  

2.4.4 Identification of BLR impact on standard qualification 

Products are often designed to have a useful life significantly longer than the 

testing time during the design validation phase. In order to verify the reliability of 

the component package in the product, accelerated testing is used to understand 

how components in products perform over time. (Levin & Kalal 2003:216) One 

example of designing products is from Ford Motor Co. which presented test 

results of their cars’ electronics breakdowns on test tracks vs. actually driven road 

mileage. The results showed that car components that failed on the test site at 

5,500 miles lasted under actual road conditions for 18,200 miles. In practice this 
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meant that the tested electronics lasted 3.3 times longer under road conditions. 

(Rahn & Diem 2005) 

CP manufacturers typically subject the component packages to various stress 

tests at one or more temperatures during their design validation phase. However, 

the qualification package defined in JESD69B does not typically include BLR test 

results, which are vital for CP qualification. If the BLR test data is not available, 

tests need to be performed on the component packages before qualification can be 

concluded. (JESD69B 2007, JEP 150 2005) BLR testing should be done by the 

manufacturer, but if there are concerns, e.g. with the design or manufacturing 

process, then the testing could be done by the customer.  

In reliability qualification it is most important to qualify against the actual 

field failure mechanism that a component may experience in the operating 

environment. A component that is used in the qualification should either have a 

daisy chained die or fully functioning die that can be connected for testing 

purposes (IPC-9701 2002). Daisy chain component packages are mock-ups of 

actual CPs, i.e. they have the same size and other parameters, but not the same 

functionalities. With a daisy chain CP it is possible to qualify the correct field 

failure mechanism. If a product-ready CP is not available, then a daisy chain CP is 

used during reliability qualification. If daisy chain components are used in 

reliability testing, the daisy chain must be made with the correct internal bonding 

technology (flip chip or wire bonding), so that actual field failure phenomena are 

initiated during testing. 

A typical operating environment for infrastructure products is a stand-alone 

air-conditioned cabinet. Because the daily temperature fluctuation in the air-

conditioned cabinet is rather small, the component packages on PWBAs usually 

experience one low heating cycle per day. The heating cycle causes a repetitive 

stress on the solder joints and this causes the main failure mechanism, wear-out 

failure in the form of low-cycle fatigue, to initiate in the component package 

solder joints. (Salmela 2005:54, HDPUG 1999, Puligandla & Singh 1998:253) 

When the worst case operating environments are categorised, the requirements for 

infrastructure products (in the telecommunications environment) range from 

−40 °C … +85 °C as shown in Table 3.  
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Table 3. Product level worst case operating environment conditions. 

Environment Product life in 

years * 

Cycles/ye

ar * 

Max temp  

(C) * 

Min temp  

(C) * 

∆TO 

(C) ** 

Under the hood 5–10 1000 125 −55 50 

Space  5–20 9000 85 −40  

Commercial aircraft 20 365 95 −55  

Telecommunications 7–20 365 85 −40 45 

Industrial 10 185 95 −55 45 

Office 5 1460 60 15 25 

Consumer  1–3 365 60 0 40 

* Puligandla & Singh 1998: 82, ** HDPUG 1999 

Fig. 8 shows typical solder joint failures. In the QFP gull-wing interconnection, 

solder joint has cracked above the PWB solder land after the BLR test (Xia & Xie 

2007). In the BGA solder ball interconnection, solder joint has cracked from the 

component package side (Pan et al. 2005). 

Fig. 8. Typical QFP and BGA solder joint crack after a Temperature Cycle Test.  

BLR testing is usually done as an accelerated TCT. There are also other methods, 

but TCT typically accelerates the wear-out failure mechanism. An accelerated test 

is defined as a stress test in which the damage mechanism of concern for 

operational use is accelerated to cause failures in less time than in the actual 

operating environment. Stresses under consideration could be thermal, 

mechanical, or electrical. In many cases the stresses are a combination e.g. 

thermomechanical stress. (IPC-9701 2002, Puligandla & Singh 1998:81) 

Fig. 9 shows the example of −40 °C … +125 °C temperature cycle range in 

accelerated testing based on the IPC-9701 standard’s proposed temperature cycle 

profile i.e. the difference between maximum and minimum temperatures incurred 

during temperature cycling tests. This profile is also valid for JESD22-A104-D 

standard. (IPC-9701 2002, JESD22-A104-D 2009) 

Crack

PWB side

Component

side
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Fig. 9. Example of temperature cycle range based on the standard temperature cycle. 

According to IPC SM-785, a preferred temperature cycle test for infrastructure 

products is 0 C …+100 C. For solder joint fatigue failure testing this is valid for 

consumer products in relatively mild use environments such as desktop computers. 

However, for applications to be used in harsher environments testing should be 

done in the with cycle range of −40 °C … +125 °C to accelerate the correct field 

failure modes in as short a time period as possible (IPC-SM-785 1992). 

Banks et al. and Salmela have studied the difference between various 

temperature cycles against the induced failure mode and they have come to the 

conclusion that there is no major difference in failure mechanism as a function of 

the accelerated test cycle temperature range. In both 0 °C … +100 °C and 

−40 °C … +125 °C tests the component package solder joints experienced a 

similar failure mode i.e. fatigue failure. With the −40 °C … +125 °C test a shorter 

time is required, so this cycle range is commonly used. The IPC-9701 TC3 NTC-

C: −40 °C … +125 °C TCT conditions shown in Table 4 are typically used as a 

reference TCT for the infrastructure products. (Banks et al. 1995, Salmela 2006, 

2007, IPC-9701 2002) 
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Table 4. IPC-9701 Test Conditions, TC3 selected as reference test. 

Test Condition Mandated Condition 

Cycle (TC) Condition  

TC1 

TC2 

TC3 

TC4 

TC5 

0 °C…100 °C (Preferred Reference) 

–25 C…+100 C 

–40 C…+125 C 

–55 C…+125 C 

–55 C…+100 C 

Test Duration Whichever condition occurs FIRST 

50% (Preferred 63.2%) cumulative failure 

(Preferred Reference Test Duration) 

or 

Number of Thermal Cycle (NTC) Requirement 

NTC-A 

NTC-B 

NTC-C 

NTC-D 

NTC-E 

  200 cycles 

  500 cycles 

1000 cycles (Preferred for TC2, Tc3, and TC4) 

3000 cycles 

6000 cycles (Preferred Reference TC1) 

Many of the component package tests that manufacturers perform are designed to 

evaluate the internal robustness and reliability of the packages i.e. some of the 

“reliability” tests for packaged devices are 1st level reliability tests as shown in 

Table 5. Examples of these tests are High Temperature Operating Life (HTOL), 

High Temperature Storage (HTS), Temperature/Humidity Bias (THB), surface 

mount preconditioning, autoclave, Electrostatic Discharge (ESD), solderability, 

resistance to solder heat and thermal resistance. Manufacturers perform TCTs but 

they are usually 1st level reliability tests. They tend to use higher temperature 

cycles and thereby shorter test durations in the TCT and the temperature cycles 

range either from −55 °C … +125 °C or from −65 °C … +150 °C. The Highly 

Accelerated Stress Test (HAST), TCT, vibration, and shock tests are done at 

PWBA level. The Highly Accelerated Life Test (HALT) is used as an on/off test 

for the products in order to find any weak links in the product functionality. Most 

reliability tests utilize one or more of the following stress factors to accelerate 

failure: temperature, moisture or humidity, current, voltage, and pressure. The 

popular industry-standard reliability tests for component package qualification are 

defined in Table 5.  
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Table 5. Reference tests for internal 1st level and external 2nd level tests. 

1st /2nd 

level tests 

Test phase *,** JEDEC standard *,** MIL/IPC/EIAJ standard *,** 

1st Preconditioning JEDEC Std. 22-A113-D IPC-SM-786A superseded 

by J-STD-020  

1st Temperature Cycle JEDEC Std. 22-A104-A Mil-Std-883 Method 1010.7 

1st HTOL & Dynamic Life Test JEDEC Std. 22-A108-B Mil-Std-883 

1st HAST JEDEC Std. 22-A110B  

1st HTS JEDEC Std. 22-A103-B MIL-STD-883 Method 1008 

1st T/HB JEDEC Std. 22-A101A EIAJ-IC-121-17 

1st Solder ability JEDEC Std. 22-B102-D J-STD-002, Mil-Std-883 

Method 2003.7 

1st Resistance to solder heat JEDEC Std. 22-B106-A  

1st Thermal resistance JEDEC Std. 51  

1st ESD machine model 

ESD charged device model 

JEDEC Std. 22-A115-A 

JEDEC Std. 22-C101 

 

2nd Board Level Reliability (BLR) i.e. 

temperature cycling (TC) Air to 

Air 

JEDEC Std. 22-A104-B IPC SM-785, IPC-9701, 

and company specific 

accelerated tests  

2nd  Thermal Shock  

(Liquid to Liquid) 

JESD22-A106-A MIL-STD-883 Method 

1011.9 

2nd HALT, Highly accelerated Life 

Test 

Company specific testing 

based on accelerated use 

environment 

 

* Munroe 2000, ** Mefas 2011 

The semiconductor industry and its customers perform component qualification 

tests and reliability tests that are reasonably similar, if not the same, due to the 

standard approach in the industry and also due to traditions in testing. 

Unfortunately, as semiconductor technology has advanced and electronic 

packaging has changed the tests and criteria have not changed at the same rate. 

(Munroe 2000) 

The methodology developed by the military (MIL-STD 883C, MIL-M 38510) 

continues to be the basis for many commercial qualification procedures and 

methods. (Levin & Kalal 2003) From a customer standpoint, it is a uniform 

approach to qualification because components from each supplier are subjected to 

similar tests. The approach allows components and suppliers to be compared 

easily. Continued use of a standardized suite of tests over time can also result in a 

large library of data about failure mechanisms that can be categorized and 

compared industry-wide. (Eaton et al. 2000, Preussger et al. 2004) This 
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information enhances the understanding of both the mechanisms and the 

performance of a given component package. It would be beneficial for every 

company to build their own database of component reliability and 

manufacturability tests for early qualification of new component packages.  

Table 6 shows the qualification tests that are needed for accelerated testing of 

the actual failure mode. Some of them are common for all, e.g. fatigue as a source 

of solder joint failures. Some are specific to a certain CP material type, e.g. 

package delamination on epoxy moulding compound CPs.  

Table 6. Failure modes and mechanisms addressed by accelerated tests. 

Failure mode  Failure mechanism * Qualification Test *, ** description 

Package cracking / 

fracture/  

Delamination 

Mechanical stress caused by differential 

thermal expansion of dissimilar materials  

Temperature storage, 

temperature humidity bias 

Die cracking / die fracture Embrittlement, cracking, and crazing of 

polymers, organics, and elastomers 

Temperature storage, 

solder heat resistance test 

Bond lifting / wire breaking Delamination of coatings and metal 

platings 

Thermal cycling 

Thermal shock, Mechanical shock 

Solder joints fatigue failure Thermal cycle fatigue BLR Thermal cycle, 

BLR Thermal shock 

Creep-fatigue Thermal cycle fatigue BLR Thermal cycle, 

BLR Thermal shock 

* Puligandla & Singh 1998:73 ** JEP150 2005 

Component packages should be tested to total failure for the above qualification 

tests to be treated as reliability tests. However, the minimum TCT limits set in 

Table 4 must be achieved in order to qualify reliability of a component package 

for certain applications. Based on the BLR test results, it is possible to estimate a 

failure rate as part of the reliability qualification. (Munroe 2000) The defined 

qualification tests are similar to those compiled by Qi et al. of the reliability tests 

used in major electronic companies. This study shows that the test standards IPC-

SM-785, IPC-9701, JESD22-B111, and IPC/JEDEC-9702 have either been 

adopted into use or companies have modified their own standards based upon 

them. (Qi et al. 2008) 
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2.4.5 Alternative reliability qualification methods definition  

For some EEE manufacturers it is important to verify a component package’s 

functionality with their own design requirements e.g. PWB thickness, structure, 

materials etc. Therefore they need to do testing at the PWBA level. However, the 

process of performing a TCT is time-consuming and costly. Therefore, Finite 

Element Analysis (FEA) has been widely adopted as an analytical tool for solder 

joint reliability modelling. Darveaux’s methodology is a common approach used 

in fatigue failure modelling. It applies both energy and damage accumulation-

based theories. For any good life prediction model, there must be good testing 

results and appropriate solder material creep models. Temperature cycle testing is 

required to produce results for alloy selection and to determine the properties to 

be used in predictive simulation. FEA models need to be calibrated with the 

temperature cycle test results so that the results of the simulation are reliable. 

(Darveaux & Reichmann 2007, Ng et al. 2005, Andersson et al. 2005)  

Solder joint fatigue failure simulation includes utilization of a suitable 

analytical model and/or a computer simulation analysis. Simulation without 

calibration information may not be very accurate, but the in-house test data 

should be used for calibration as the physical models may give a more accurate 

lifetime prediction. After this, a more accurate lifetime prediction for the 

component can be obtained (Salmela 2005:23). 

A partial component package is typically modelled in the FEA simulation 

because the whole component package simulation requires more time and 

performance from the computers. With a global quarter model (Fig. 10) the 

simulation results of the package and board geometry can be obtained reliably. 

Fig. 10 shows also the local model which defines from which parts of the 

component package, solder ball and PWB detailed information is required for the 

modelling. (Ng et al. 2005)  
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Fig. 10. Global and local model of BGA finite element model. Reprinted, with 

permission, from Ng et al., Absolute and Relative Fatigue Life Prediction Methodology 

for Virtual Qualification and Design Enhancement of Lead-free BGA, IEEE publication 

title, 2005. 

Fig. 11 shows the functionality of the FEA fatigue modelling simulation result in 

comparison to the actual TCT experimental failure analysis of a BGA solder ball. 

It shows that a failure mode similar to that of the TCT can be modelled with the 

FEA simulation.  

Fig. 11. Experimental failure analysis vs. fatigue model analysis Reprinted, with 

permission, from Ng et al., Absolute and Relative Fatigue Life Prediction Methodology 

for Virtual Qualification and Design Enhancement of Lead-free BGA, IEEE ECTC, 2005. 
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Another alternative method for component package lifetime estimation is to 

utilize simulation tools, which are offered from many sources. CALCE has been 

pioneering the development of the simulation calculation tool CalcePWA. It is 

used for PWB level reliability analysis. CalcePWA enables the study of several 

possible failure mechanisms that may occur depending on the load conditions that 

the PWB assembly experiences. It includes product modelling, stress assessment, 

and failure modelling capabilities. The main purpose of this software is to 

highlight design flaws at an early development. (Osterman & Stadterman 1999)  

2.4.6 Identification of manufacturability impact on qualification 

There are some primary manufacturability requirements for the component 

packages and PWBs in the assembly processes that need to be taken into account 

and they are regulated by the standards, e.g. for Pb-free manufacturing J-STD-

020D.01, for MSL categorization J-STD-033B.1. When the RoHS directive was 

introduced on 1st of July 2006, the reflow soldering process changed. In order to 

solder Pb-free solder paste and Pb-free component package leads, a higher reflow 

peak temperature was required. This also set new requirements for component 

package materials as they had to tolerate up to 30 °C higher temperatures during 

manufacturing. (J-STD-020D.01 2008, J-STD-033B.1 2007) 

The manufacturers’ own tacit knowledge of their manufacturing capabilities 

is needed for standard qualification as there might be company specific practices 

that need to be addressed. As QFP’s lead pitch has been decreasing from 0.65 mm 

to 0.5 mm or even to 0.4 mm it has initiated requirements for improvement in the 

solder paste printing processes and equipment, such as step-down stencil. Step-

down stencil enables a PWBA manufacturer to print thinner solder paste layers 

just on a tighter dimension CP solder lands, e.g. 0.4 mm lead pitch QFP. The 

nominal paste printing thickness guarantees that wider pitch packages have 

enough paste for good quality and reliable solder joints. If solder paste is applied 

to tighter lead pitch solder lands a thinner stencil is required and this may result in 

insufficient solder paste volumes for larger component packages if step-down 

stencil is not used. Chen et al. have found that if the pitch distance is ≤ 0.5 mm it 

may be a challenge to the assembly process, especially with paste printing (Chen 

et al. 2010). This means that a lead pitch less than 0.5 mm is a limiting factor in 

high component mix products in e.g. infrastructure applications and its impact 

needs to be taken into account during qualification.  
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When it comes to soldering CPs to PWBs the reflow temperature profiles and 

the maximum temperature that the packages need to tolerate in Pb-free 

manufacturing are defined by the J-STD-020D standard (J-STD-020D.01 2008). 

Another limiting factor in successful PWBA manufacturing is the availability of 

suitable solder paste. Solder paste producers define the temperatures at which the 

solder paste works best and the manufacturer needs to be able to set the reflow 

oven temperature zones so that the solder joints reflow simultaneously on the 

PWB. Briggs & Lasky have stated that the higher peak temperature and higher 

surface tension of the Pb-free solders, together with the smaller pad size 

associated with fine feature stencil printing, challenge the ability of the solder 

paste flux to provide a good solder joint (Briggs & Lasky 2009). Another 

important criterion for soldering of component packages is that the package MSL 

is at the proper level. These levels are defined in the J-STD-033B.1 standard (J-

STD-033 B.1 2007).  

Reworking of the component package is a process that should be avoided as 

much as possible because, as products are reworked, the cost of the product is at 

its highest peak. However, if a rework is required, the rework process capability 

needs to be on as such level that it can be done without damaging the adjacent 

components. A component package’s rework process has the same principles as 

reflow soldering i.e. the package has to tolerate the higher rework temperatures. J-

STD-020D.01 defines that a Pb-free component shall be capable of being 

reworked at 260 °C (J-STD-020D.01 2008). MSL levels need to be sufficient to 

ensure a proper rework. In general the minimum shop floor acceptable MSL level 

is level 3, which enables the usage of a component package within 168 hours. (J-

STD-033B.1 2007) 

After a product has been manufactured the solder joints of the package are 

inspected. This may be done either by visual inspection or by Automated Optical 

Inspection (AOI). The component packages that have solder joints underneath the 

package need to be inspected by x-ray inspection. X-ray inspection is an 

additional process phase which should be avoided as it increases the price of the 

product. As an alternative to x-ray inspection, Joint Test Action Group (JTAG) 

boundary scan testing has been introduced, e.g. for BGA component packages. A 

boundary scan enables testing of the packages open solder joints, shorted nets etc. 

(Ngo et al. 2008). Together with other product testing, this reduces the need for x-

ray inspection.  
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3 Proposed approach to qualification tool 

In the standard approach to qualification the JEDEC JESD 69B qualification 

package was presented into which JESD47G and other standard testing contribute 

test data. Although this standard is primarily intended for ICs, the same principles 

are applied to other component package technology categories. JESD 69B was 

recognised as a standard defining what information a CP manufacturer would 

need to provide to their customers in the qualification package. This qualification 

package data can then be used to support the customer's component package 

feasibility qualification. However, it will act mere as a supporting function, as 

there is still much data to be collected to be able to complete the feasibility 

qualification with all relevant factors.  

In Chapter 2 other virtual qualification tools were introduced and, as was 

explained, these tools are good at simulating, numerically calculating or 

modelling the specific estimates of the reliability of the system or part/component. 

However, it is not possible to make a wide scope of qualification with them, so 

this chapter explains what makes the QT superior in comparison to the other tools. 

Based on this survey of competing qualification tools, the author found that there 

is both a space and a need for the introduction of a QT that includes all 

qualification areas for feasibility qualification. Another important issue is that, 

within the QT, the user is able to gain a numerical value to describe the feasibility 

of the CP with all sub-areas of qualification. With other tools the final decision is 

made by the HW engineer or reliability engineer doing the actual qualification. 

Therefore the use of the QT enables the user to identify the principle parameters 

which influence the final approval or rejection of the package. The QT is an 

adaptable tool in that it can be modified to fulfil the requirements of the user. 

Another imminent benefit is the recording of data into the history database. 

Because this history data remains available, the whole qualification route can be 

backtracked when required. With the use of the QT, there is no need to have 

separate systems for storing all the data.  

The QT is intended to be used in the early phases of feasibility qualification 

and for that purpose there is a requirement for essential data to be available. 

Chapter 2 defined requirements for component package, PWB, manufacturability 

and board level reliability. As QT feasibility qualification involves detailed sub-

areas other than those required for standard qualification, there is also a need for a 

theoretical approach to create a common understanding of these other sub-areas. 
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This chapter explains those functionalities that differentiate the QT from 

other qualification tools. However, in order to enable the use of the QT by HW 

designers or component engineers, it is seen to be beneficial to simplify some 

factors in the sub-areas while still keeping the mind-set of providing the 

feasibility qualification result for the users.  

3.1 QT as a component package qualification risk assessment tool 

The QT is required for the feasibility qualification of a component package. Its 

top level functions are to assess the risks involved in CP selection, to qualify that 

the risks do not restrain the implementation of the component package and that 

the risks and their minimization plans are communicated efficiently to internal 

and external customers. This is illustrated in Fig. 12. 

Fig. 12. QT as a component package risk assessment tool. 

Identification of risks is the first part of the risk assessment. One of the key issues 

in component package qualification is the ability to recognise whether the 

package presents a potential risk in the infrastructure products. With the QT, users 

are able to minimize risks involved in selecting a new component package for 
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their products. In order to do this, information of the package is requested from 

the CP manufacturer in the form of the JESD69B qualification package. Also in 

this phase, data collection of the manufacturer, manufacturability, BLR test results, 

environmental legislation compliance, previous similar types of CP qualification 

and field returns should all be initiated. Based on the collected information of the 

risks associated with the CP the qualification may be started.  

The second part in the risk assessment process is to perform the component 

package feasibility qualification. If a selected component package fails the 

qualification, then the CP needs to be redesigned to fulfill the approval criteria in 

all relevant qualification sub-areas. If the component package cannot be 

redesigned then it needs to be rejected and another CP type substituted.  

The third part of the risk assessment is the communication of the result of the 

selected component package’s approval or rejection to all internal/external 

customers. Internal customers are those who have requested the qualification. A 

typical external customer would be the CP manufacturer. If risk minimization 

plans are required to enable the use of the component package, they also need to 

be communicated at this stage. A qualified component package can be 

implemented into use as such but a rejected component package may need re-

qualification, via a risk minimization plan, to enable its use in other environments 

and products.  

During the utilization of the QT on the qualification of the component 

package, data from all sub-area is input into the QT. As the data is input, the total 

QT results starts to accumulate. Consequently, until the final sub-area parameter 

value is input, the approval result is not known. The additional data is recorded 

into the history database and this data can be used later on for other qualifications, 

as shown in Fig. 13. The QT input/output data description is an imitated form of 

the EPSMA prediction method process. (EPSMA 2005) 
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Fig. 13. Component package qualification data control. 

Fig. 13 shows the QT input factors and output results. Input factors consist of, for 

example, field failure data of the actual products, manufacturer provided data 

against various standards (e.g. IPC-9701, J-STD-033B.01, J-STD-020D.01, 

JESD69B) and qualification data from any previous component package 

qualification i.e. from the QT qualification history database. Once the feasibility 

qualification has been done, the qualification/rejection data is shared with all 

customers and the data stored into the history database for future qualifications. 

(IPC-9701 2002, J-STD-033B.01 2007, J-STD-020D.01 2008, JESD69B 2007) 

3.2 QT qualification principles 

Component packages development can be classified as evolutionary or 

revolutionary, as stated in Chapter 2.2. Different qualification principles are 

utilized for these alternative CP development paths. For the evolutionary CPs the 

New Product Introduction (NPI) format is used and for the revolutionary, i.e. 

redesigned CPs, the Product Change Notice (PCN) format is used as a starting 

point for the feasibility qualification. The main difference in these feasibility 

qualification processes is that for the PCN there may be previously qualified CP 

data in the database whilst for the NPI case such historical data may not exist.  
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Based on the author’s knowledge in and experience of qualification, there are 

three basic principles which are used to determine the qualification method. The 

first principle is to perform a virtual qualification, preferably utilizing the 

component package manufacturer’s supplied qualification package together with 

other in-house data on manufacturability, etc. An alternative virtual qualification 

method is to use the internal history database of a similar, earlier qualified 

component package. The second qualification principle is to perform qualification 

with an internal test board (Rahko & Rönkä 1999). This second qualification is 

more expensive and time consuming, but the user gains experience of the BLR / 

robustness / manufacturability of the tested component package. The third 

qualification principle is to identify the need for testing and start 

qualification/additional testing, either internally or externally. This is the most 

expensive method and results in a prolongation of the component package 

qualification by months which may endanger the launch of the new product.  

Alternative qualification options have been proposed by W.D. van Driel et al. 

who have done research into the reduction of qualification testing based on the 

structural similarity of component packages. Based on their study there are also 

three principles for qualification of an IC package’s design, material or process 

change. The first option is to perform a qualification using existing data. This 

means that existing in-house data of the IC, package design or process are used 

for the qualification. The second option is to do a Bridge Qualification. In bridge 

qualification, one or more IC packages of similar structure are qualified, based on 

the existing data. To be able to perform bridge qualification, certain structural 

similarity criteria need to be met. W.D. van Driel et al. have defined that 

structurally similar packages utilize the same component package technology type, 

such as BGA, QFP, etc.. Structurally similar packages have the same or smaller 

body size, inner/outer lead or solder ball spacing, die pad size and die size. They 

also have the same materials for lead frame, the same die attach and moulding 

compound or the same construction characteristic, such as exposed die pad etc. 

The third option is to start the qualification, which requires new and possibly 

additional testing. If reliability data are not available, additional testing is required 

for qualification of the IC package. (van Driel et al. 2005) 

If there are a number of component packages using the same technology with 

small material changes in, for instance outer dimensions or the number of leads, 

the component manufacturers tend to compile these together and make only one 

set of qualification tests per component package technology type. This may work 

for the surface mount lead component packages such as QFP but not with leadless 
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components such as CLLCC. The CLLCC package’s structure, castellation width, 

number of leads and lead pitches are parameters which typically prevent the 

compilation of these packages under the same qualification tests (Salmela 

2005:78). The CTE mismatch of CP, PWB and solder joint material and structure 

are the primary key factors for initiating reliability testing. Therefore every CP 

needs to be tested separately if different structures are used. 

Any qualification data available from the CP manufacturer needs to be 

utilized to minimize additional testing and to make the qualification more cost-

effective. To enhance co-operation with the manufacturer, the QT result, either 

approval or rejection, should be shared. In this way, the manufacturer is motivated 

and committed to provide more data for future qualifications.  

In cases where a full qualification needs in-house BLR tests, costs may 

increase significantly. As an example, component package manufacturer Lattice 

moved the manufacturing of the Plastic QFP (PQFP) CP family from one country 

to another. Because of this change, Lattice conducted qualification tests. However, 

Lattice tested the PQFPs on one test set i.e. they utilized a structurally similar 

component package qualification method (Lattice 2007, van Driel et al. 2005). 

This case showed that by following the structural similarity rules, the number of 

reliability qualification tests and thereby the associated test costs are possible to 

be greatly reduced.  

The functionality of the QT has been developed so that any of these three 

qualification principles can be utilised. Fig. 14 shows the QT feasibility 

qualification process via qualification sub-areas. All qualification sub-areas are 

quantitative by nature, i.e. in order to fill in the parameters of all sub-areas, 

quantitative data are required.  
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Fig. 14. Qualification principle in the QT. 
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other qualification sub-areas must be collected in order to perform the feasibility 

qualification. This means that the JESD69B qualification package does not give 

enough information for the qualification.  

3.3 Introduction of QT feasibility qualification result calculation 

The primary idea of calculating the QT qualification result from relevant 

qualification sub-areas is based on the author’s experience of qualification. When 

the previously introduced qualification tools were reviewed it was found that 

these tools did not take into account all the required sub-areas. Based on this fact, 

the author created a tool that combines all the relevant qualification sub-areas in 

one. All sub-area parameter values are input to the QT and the values are 

summarised to give a numerical feasibility qualification result. This QT value 

gives a recommendation whether the component package is feasible for use in the 

infrastructure products with the categories of “Approved”, “Approved with 

Concern” or “Rejected”. The qualification result can be communicated with ease 

using the exact numerical value from the QT.  

The QT is built on a Microsoft® Excel spread sheet which is commonly 

available software. The Microsoft® Excel’s in-built macros enable calculations 

and conversion of various parameters for the feasibility qualification result.  

There are eight sub-areas upon which the component package qualification is 

performed (Fig. 14) depending on the available and relevant data for the specific 

qualification. It needs to be noted that for the QT calculation some of the sub-

areas are inter-dependent e.g. PWB thickness has an effect on the calculation of 

the BLR value. The PWB impact is notified with the CFPWB multiplier in the QT 

feasibility qualification equation. The equation describing the QT value 

calculation is shown in Equation 2.  

 QT(R) = RCD1 + RCD2 + RPD + RMS + RB1/2 * CFPWB + RMF + REO, (2) 

where 

QT(R) total result (points) of the feasibility qualification 

RCD1 value of Component Package General properties input 

 RCD2 value of Component Package material properties data input 

 RPD value of PWB material properties data input 

RMS value of Manufacturer / supplier data input 

RB1 value of Board Level Reliability qualification data input 

(RB2) Operating environment data input optional for BLR data)  
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RMF value of Manufacturability qualification data input 

REO value of Package-specific environmental data input 

CFPWB PWB’s thickness flexibility/stiffness factor for the BLR test result. 

During a CP feasibility qualification, analysis of sub-area parameters is based on 

both qualitative and quantitative criteria. The parameters may be either qualitative 

or quantitative by their nature. A qualitative input has been defined for those 

parameters where the user can input both written and numerical data and these 

parameters do not have a direct impact on the QT (R) value. Qualitative data is 

also recorded into the QT history database and this data can be used e.g. for FEA 

modeling in the future. Quantitative input has been defined for those parameters 

where the user-added numerical data do have a direct impact on QT(R). 

“Component package” and PWB material data”, “Manufacturer data”, “BLR 

data”, “Manufacturability data” and “Package-specific environmental and other 

data” qualifications are counted as quantitative sub-areas because they have an 

impact on the final qualification value.  

The risk involved with component package selection needs to be 

unambiguously explained during the communication phase. In order to do so, a 

minimum approval value limit in the QT is set and is expressed as an integer. 

Although some parameters have decimal values, the total value for each 

parameter with the WeCo value is given as an integer. When the impacted 

parameter value is multiplied with the WeCo value the total value of each 

parameter is calculated. The QT result in this thesis has been set for the feasibility 

qualification of the CPs for the infrastructure products.  

The following guidelines should be observed in the setting of the WeCo 

values for feasibility qualification. The setting is done before the tool is 

implemented with the mathematical formulation, depending on the variations of 

the final products (e.g. infrastructure/computer/under the hood) and operating 

environment variations (mild/harsh environment). Any one sub-area should not 

have a higher impact on the total score than another. However, if the user sees that 

the BLR qualification has a determinant position in the component package 

qualification then the WeCo values can be set so that the BLR qualification 

receives a higher value than other sub-areas.  

Table 7 shows, as an example of distribution of QT sub-area parameters, the 

maximum points both for the CP used in the infrastructure product and in the 

fictitious consumer product. For each sub-area is allocated maximum available 

points and the maximum result (points) are calculated with the WeCo multiplier 
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factors. In this comparison the example of the infrastructure product could be a 

Flexi Base Station Controller, while the fictitious consumer product could be for 

example a BD-player (Nokia-Siemens 2011, LG 2011). The main difference with 

these products is that the base station controller product needs to operate 24 hours 

/ 7 days, and this sets high demands for the component package’s properties, 

manufacturability and reliability. Contrary to that the BD-player needs to operate 

only occasionally, thus the requirements are not so high for this kind of consumer 

product. In both cases similar component packages may be utilized but the basis 

for feasibility qualification are different as shown in Table 7. 

 

 

 

 

 

 

 

 

Fig. 15. Example of BGA component package. 

Fig. 15 shows a typical BGA package that will be used in the infrastructure and 

consumer product feasibility qualification comparison. Different types of end 

products define the sub-area and WeCo factor values. For example the values 

from the sub-areas may be kept the same both for the infrastructure and consumer 

products and the difference in the feasibility qualification result is made with the 

WeCo factor value. The sub-area values may also be altered, but in principle it is 

better to keep one type of values stable and alter only one type of parameters. 

Therefore the total value of the sub-area qualification is calculated by multiplying 

the sub-area parameter value with WeCo factor. If CP gets zero points from sub-

area then the value stays as zero. However, if the CP gets one point from the sub-

area, the total value is calculated by multiplying it with the WeCo factor 

depending on the set factor values. 

As seen from Table 7, the CP in the fictitious consumer product is able to 

have maximum result of 50 points from the qualification while the result in the 

case of infrastructure product is 60 points at maximum. The main difference on 

these products result comparison lies with the different setting of WeCo factors in 

each sub-area. The consumer product generally has higher volumes thus the 
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manufacturer/supplier qualification has bigger impact on the result. The BLR 

requirements are not so high for the consumer products, thus less points are 

required from BLR qualification. This fictitious consumer product example shows 

that by altering the WeCo values, the QT can be used for various types of CPs in 

different products. 

Table 7. Examples of feasibility qualification sub-area values for the infrastructure / 

fictitious consumer product. 

Qualification sub-area input values WeCo 

factor 

Point range / Max 

points in 

infrastructure 

product 

WeCo 

factor 

Point range / 

Max points in 

consumer 

product 

PCN/ NPI information 0 0  0 

RCD1, Component package general properties 

input  

0-5 0–1/5 0–5 0–1/5 

RCD2, Component package material data input 0–10 0–1/10 0–5 0–1/5 

RPD, PWB material data input 1–5 1/5 1–5 1/5 

RMS, Manufacturer / supplier data qualification  0–5 0–1/5 0–10 0–1/10 

RB1 (a) Board Level Reliability data input  

RB1 (b) Previously qualified component package 

used (alternative to BLR) 

0–15 a) 0–1/15 

b) (5) 

0–5 a) 0–1/5 

b) (2) 

RB2 (c) Operating environment data input for 

component package (alternative to BLR)  

0–5 c) (5) 0–5 c) (5) 

RMF, Manufacturability data input  0–10 0–1/10 0–10 0–1/10 

REO, Package-specific environmental and other 

data input  

0–10 0–1/10 0–10 0–1/10 

APPROVED MAX RESULT  a/b/c) 60  a/b/c) 50 

APPROVED WITH CONCERN RESULT  35–39  31–35 

REJECTION RESULT  ≤ 34  ≤ 30 

The QT values with WeCo multiplier need to be set so that, if there are not 

enough data available for feasibility qualification, the component package will 

not even score the “Approved with concern result”. Thereby re-qualification will 

be needed or the CP will be rejected.  

3.4 Inter-dependencies of the QT sub-areas 

In order to use the QT efficiently it is important to understand each sub-area’s 

inter-dependency. There are eight qualification sub-areas which relate to each 
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other. The QT qualification result is dependent on these sub-area parameters and 

the assigned WeCo values.  

Fig. 16. Relationship between QT qualification sub-areas. 

As can be seen from Fig. 16, there are many inter-dependencies between the 

qualification sub-areas. However, as shown by Equation 2, the only parameter 

that has a direct impact on other sub-area values is the PWB thickness factor to 

the BLR. When it comes to the CP, the PWB and the solder joint system 

qualification, the BLR plays a central role. Data is required from all sub-areas for 

the feasibility qualification. With the WeCo factors it is possible to balance the 

weighting of sub-areas so that none of them has a more determinant position than 

the others.  

3.5 Theory for the QT feasibility qualification parameters  

In the following will be defined an advanced theory for the parameters that are 

required to support the QT feasibility qualification. Some sub-area specific theory 

needs to be revisited and deepened. The theory is developed to gain an 

understanding of the risks involved in the new, old or redesigned CPs selection, 

and conversion of the TCT results to the reference TCT. Also considered are the 
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definition of the characteristic lifetime for the QT and identification of the failure 

modes in various use environments together with definitions of component 

package and PWB qualification parameters, operating environment and package-

specific, environmental and other data.  

3.5.1 Understanding the risk level of new, old or redesigned CPs  

The definition of a standard electronic component package is used as a starting 

point for the identification of critical component packages from the point of view 

of feasibility qualification. A standard electronic component package can be 

described as a component that is fabricated from well understood and stable 

component technology materials and structures according to an effective quality 

assurance system. There is also a history of continuous or frequent production 

runs and there are well established and available data for its performance, 

reliability and application (ESA 2005). 

Before implementing a new component package into products the customer 

needs to know whether the new package poses a threat to the end product i.e. the 

feasibility of the component package needs to be qualified. When a component 

manufacturer introduces a new component package to the market with a new 

package structure, he needs to provide the customer with a component 

qualification package (JESD No. 69B 2007). For his own internal feasibility 

qualification the customer needs the CP material characterization, structure 

definition, BLR results and possibly field failure analysis of identified actual 

product-specific failure modes and mechanisms.  

This means that the use of the QT requires identification and categorization 

of critical components, e.g. based on field failures, so that the customer is able to 

focus on stricter qualification of those components. In practice, “critical 

component packages” are recognised as packages that require special attention 

because of their complexity, poor reliability, manufacturing risks, or high value in 

relation to the total cost of the equipment and logistics.  

One must also keep in mind that future trends in component technologies will 

have an effect on functionality, cost, structure and environmental friendliness. As 

seen from Figure 17, component package technology has evolved through three 

revolutions. The 1st revolution was the change from through-hole technology 

(THT) to surface mount technology (SMT). The 2nd revolution was the change to 

area array leads (QFN, BGA) and the 3rd revolution, that started ca. 2000, 

involves the change from PBGA to system-in-package (SIP) and multichip 
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module BGA (MCMBGA), etc. MCM component packages have more 

functionality, but they utilize older generation structures. 3D stacked die BGA 

component package technology is a good example of the future solutions. 

Component packaging development in the past decade has been tightly coupled 

with the continuous and rapid development of IC component package technology. 

Moore’s Law i.e., “the number of transistors in an IC doubles every 18 months” is 

an example of this approach. (Moore 1965, Wilson & Guenin 2005) 

Fig. 17. Packaging technology trends. Reprinted, with permission, from 

ElectronicsCooling, Cooling Solutions In The Past Decade, ElectronicsCooling 

publication, November 2005. 

In the future, component packages will become more integrated as shown in Fig. 

18. However, due to the high costs involved in the more integrated ICs, old 

structure component packages will still be utilized. Also multiple chip modules 

utilize the old CP structures such as BGA structures. 
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Fig. 18. cIC technology trends until 2015. 

As shown in Fig. 18, current ceramic and organic packages continue their 

evolutionary improvements i.e. conventional component package technology is 

still required. However, when IC integration is reviewed until 2015 it can be seen 

that 3D stacked chip development takes a more dominant position. These new 

technologies enable higher integration of required functionalities e.g. increased 

memory capacity in smaller component packages. (Lau et al. 2010) 

However, this development brings more challenges into a CP’s 1st level 

reliability rather than in the 2nd, board level reliability. Thus from the CP 

feasibility qualification point of view, the basic qualification principles do not 

change. 

3.5.2 Impact of use environments on CP failure mechanisms 

In Chapter 2.4.2 the failure mechanisms were defined that initiate failures 

depending on the component package technology. The time at which failures 

occur is dependent on the CP and product design, the materials, the operating 

environment and the stresses to which the component packages are subjected. The 
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potential field failure mechanisms experienced by component packages in 

infrastructure products in the operating environment are infant mortality failures 

and wear-out failures (Fig. 6). Infant mortality failures are often instantaneous 

and catastrophic e.g. package moulding compound cracking, die cracking or wire 

bond lifting/wire breaking. These failures are considered as CP design-, 

manufacturing process- and quality-related and they are initiated internally. 

(Puligandla & Singh 1998:136-138, Levin & Kalal 2003:100) Thus they are not 

within the scope of the QT.  

The infant mortality period is followed by the useful life period with a low, 

relatively constant failure rate, in which failures may occur due to random 

overstress conditions, accidents, and mishandling. Design weaknesses, sustained 

high stress levels, or latent defects that escaped the early life stage may initiate an 

increase in the failure rate during the useful life. Within these overstress 

mechanisms, those related to the glass transition temperature (Tg) of different 

materials need to be involved in the component package technology qualification. 

An example of this is the warpage of BGA / QFN components which can 

originate from the choice of the moulding compound and the substrate having too 

high a CTE mismatch. As the two materials have different CTE factors the 

changes in length during temperature variations (e.g. during reflow manufacturing) 

are not equal. Warpage is one of the failure mechanisms which have arisen 

recently as being responsible for test and field failures of BGA and large plastic 

leadless components. Material warpage causes infant mortality failures due to die 

fracture, wire bonding fracture (Rahko et al. 2006).  

The product lifecycle concludes with the wear-out period in which an 

increasing failure rate is exhibited. When the product approaches the wear-out 

stage, it degrades due to repetitive or sustained stress conditions that cause 

damage accumulation. As more and more products fail the failure rate increases 

dramatically during the wear-out stage. The ideal shape of the failure curve is to 

have a very long useful life period and a low number of quality defects. 

(Puligandla & Singh 1998, Levin & Kalal 2003:100) 

In Chapter 2.4.1 the component packages and their interconnection types 

were categorised as high/medium/low level stress types based on the component 

package structure and solder joint form (leadless/solder ball/leaded). In practise 

the effects of the interconnection types on the failure rate can be described as in 

Fig. 19.  
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Fig. 19. Product Hazard Rate versus Time for Different Stress Levels (CALCE 2010, 

published by permission of CALCE). 

If constant stress dominates the useful life region, the “bathtub” form follows the 

low level stress curve. If wear-out starts to occur in the useful life region the form 

follows the high level stress or the ”roller coaster” curve. When component 

package structures are investigated, the structural rigidity i.e. the combination of 

component package moulding compound, lead-frame, substrate etc., and the 

interconnections are key parameters in evaluating the stresses. Fig. 4 showed the 

three basic interconnection types. The most rigid solder joint type is leadless, thus 

the high stress graph best describes the stresses that these solder joints experience. 

The least rigid solder joint type is the leaded solder joint (e.g. gull-wing lead, J-

lead etc.) which experience low stress over their product life time. BGA solder 

ball joints are in between these two extremes and these solder joints experience 

medium stresses during their life time. Thus in principle, they have an estimated 

lifetime between those of the two extreme interconnection types. 

The IPC-SM-785 standard introduced a similar approach to the varying 

“bathtub” forms in relation to solder attachment type. The reliability of Surface 

Mount (SM) solder joints is determined by wear-out (fatigue) failures. Fig. 20 

shows individual “bathtub” reliability plots for SM solder attachments and for a 

“typical” electronic component without the solder attachment. (IPC-SM-785 1992)  
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Fig. 20. Generic reliability “bathtub” curves comparing electronic components and 

surface mount solder attachment per IPC-SM-785 (1992). 

MSL induced delamination and warpage induced internal failures of 

PBGA/PQFN component packages are typical examples of failures from the 

“infant mortality” or “steady state” regions of the bathtub curve (Rahko et al. 

2006). In the “steady-state” region a component’s failure rate depends to a large 

extent on the complexity of the component. Leadless components may fail at rates 

well below the level indicated by the curve while very complex, high I/O ICs may 

fail at higher rates. The reliability of the SM solder joints is established by the 

“wear-out” failure region. Fig. 20 validates the high/medium/low level stress 

dependency based on the interconnection type. It shows that, for leaded 

component packages, longer operating hours and a slowly growing failure rate 

may be expected. This theory will be reviewed in Chapter 5 with reference to 

actual rates observed in practice.  

Component package failures in infrastructure products are most typically the 

result of wear-our failures. Consequently the QT focuses on them. Infant 

mortality and steady state regions failures are not tracked because their 

occurrence is hard to predict and they are thus considered to be out of scope.  
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3.5.3 Definition of component package parameters 

There are literally dozens of component packages parameters that could be 

included in the QT, e.g. die size, die thickness, moulding compound thickness, die 

to substrate ratio, etc. However, in order to make it more user-friendly and faster 

to use as a preliminary qualification tool, simplifications have been made to the 

required input parameters. As QT concentrates on CP qualification, the 

component package input parameters have been divided into two sub-areas, 

“Component package general properties data” and “Component package material 

data”. The impact of the component package parameters will be reviewed in 

Chapter 5. 

When the material selections for the component packages are considered the 

emphasis is multidimensional. CP materials need to be selected such that the CTE 

mismatch or MSL level do not cause infant mortality failures. MSL needs to be at 

such a level that components do not need to be dried before use in the 

manufacturing line. A good level for the component packages should be level 3, 

which means that components should last for 168 hours open on the shop floor (J-

STD-20D.1 2008). As a conclusion, it is the component manufacturers’ 

responsibility to supply a component package which fulfils the customer’s needs. 

Therefore the selection of CP materials is not discussed in this thesis; instead the 

factors which are needed in the QT are defined.  

Component packages under qualification need to resemble as closely as 

possible the final production-capable CP in order to maximise the validity of the 

qualification result. If the prototype component package differs from the final 

production package then another qualification round is required when the final CP 

is available for testing. 

In this thesis, component packages are divided into three categories based on 

their interconnection types. Table 8 shows (with reference to Fig. 19) the stress 

level values associated with different component package types. Some of the 

component packages are defined as critical. Criticality comes either from the 

stresses associated with the interconnection type or from a high CTE mismatch 

risk. 
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Table 8. Criticality and stress level of the component package. 

Component package Interconnection type Criticality 

Yes/No  

Stress level  

(Fig. 19) 

Value in the 

QT 

Ball Grid Array 

(PBGA, CSP) 

Solder ball No Medium 2 

Ball Grid Array 

(CBGA) 

Solder ball Yes Medium 2 

QFP (PQFP) Leaded (gull-wing) No Low 3 

SO (TSOP) Leaded (gull-wing) No Low 3 

QFN (MLF) Leadless  Yes High 1 

CLLCC  Leadless Yes High 1 

Connector Leaded, solder ball No Medium 2 

Connector Leaded (gull-wing) No Low 3 

Power Module other 

PWBA 

Leaded (gull-wing), leadless, 

solder ball 

Depends on the 

lead type 

Low to high  1–3 

Component package interconnection plating materials need to be selected so that 

the solder joint’s plating attaches reliably to the solder joint frame, covers the 

main body of the solder joint, solders properly to the PWB according to the IPC-

A-610E-2010 “Acceptability of electronic assemblies” standard and minimises 

the risk of tin whiskering (IPC-A-610E-2010, JESD201 2006).  

3.5.4 PWB qualification parameters definition 

Andersson et al., Syed & Kang, Vandevelde et al. have researched the effect of 

PWB thickness on the BLR result. Based on their studies, a PWB thickness 

conversion tool has been built into the QT. If a thickness other than the nominal 

thickness (2.35 mm IPC-9701) has been used, the thickness effect on the BLR test 

results needs to be calculated. The PWB thickness conversion calculation gives a 

Conversion Factor (CFPWB) which is multiplied with the BLR test result. The 

conversion graph in the QT is based on the Andersson et al. FEA simulations with 

variations from 1.8 mm to 2.4 mm. (Andersson et al. 2003, Syed & Kang 2003, 

Vandevelde et al. 2004) Based on these values an equation to calculate the effect 

of PWB thickness has been created.  
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where 

CFPWB PWB thickness flexibility/stiffness conversion factor for the BLR 

calculation  

ttest_PWB thickness of test PWB 

tref_PWB thickness of reference PWB. 

Other parameters such as PWB plating and CTE values should be recorded for 

future use, but they are not mandatory in the qualification. IPC-7351A 

standardized solder land geometries should be used in the PWB design so that the 

results are comparable between new and old component packages (IPC-7351A 

2007). However, the solder lands can also be varied to enable the most reliable 

solder land geometry to be found in the qualification phase. 

Product manufacturing requires that the PWBs do not experience bowing or 

twisting during the assembly process. Therefore the PWB manufacturer needs to 

select materials such that the MSL level does not cause these failures. They need 

also to work with the customer to balance the copper/laminate layers, so that there 

is no imbalance in the PWB to cause bowing.  

3.5.5 Manufacturer qualification parameters definition 

There are only a few parameters used for the manufacturer’s qualification in the 

QT. This is because the suppliers should already have been assessed in advance, 

e.g. by the sourcing department. The manufacturers are typically assessed with 

regard to their Quality and Environmental management systems as evidence of 

their capability to manufacture good products. The focus of the QT 

“Manufacturer” qualification sub-area concentrates on the risk that the selected 

manufacturer and its actions may pose to the selected component package. 

Therefore, because the information of the manufacturer’s capabilities comes from 

other resources, the actual qualification in the QT is rather straightforward.  

Syrus et al. employ a more thorough approach to manufacturer assessment by 

examining the manufacturer’s policies and procedures. They propose the 

following categories: process control, corrective and preventive actions, product 

traceability, and change notification. (Syrus 2001b)  

The principle of component manufacturer categorization has been presented 

by Rahko et al. in tin whisker risk management. Some manufacturers perform 

design, manufacturing and 1st level testing of the component package, while chip 

packaging companies such as AMKOR perform the component package assembly 
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and 1st and 2nd level qualification tests according to their customer’s specification. 

(Rahko et al. 2005)  

The author’s approach to component manufacturer categorization is to 

examine the risks involved in the use of a specific manufacturer /supplier. The 

assessment criteria should include the manufacturer’s size, ability to supply 

components with high volume in time, reputation and established and assessed 

management of the Quality system ISO 9001 and the Environmental system ISO 

14001. The assessment should also include the overall manufacturing facility, its 

organization and management and the manufacturer’s system for inspection and 

control. Syrus et al. have created assessment categories which consist of process 

control, handling, storage and shipping, corrective and preventive actions, product 

traceability and handling the notification of changes. (Syrus 2001b) Ray Franklin 

has established a similar type of categorization for RoHS-compatible products of 

component manufacturers. Manufacturers have been categorized in five 

categories based on their activities in proving RoHS compatibility. (Franklin 2004) 

The qualification criteria above are taken into account when the QT user 

qualifies the manufacturer/supplier. Table 9 defines the actions that the 

manufacturer/supplier needs to take to inform the QT user of the 

(low/medium/high) risk level associated in their selection. 

Table 9. Component manufacturer categorisation. 

Level Risk level Required actions from manufacturer/supplier under qualification – basis for risk 

level categorization  

1 Low risk history for supplying components is excellent 

ISO 9001/14001 systems in place and audits have been done 

All data provided, all qualification tests done and test results provided 

Has follow-up plan for manufacturing quality lot by lot 

2 Medium risk History for supplying components is good  

Has ISO 9001/14001 systems in place and audits are on-going 

Has provided all data, planned qualification tests and proposes time for delivering 

final test results and  

Is defining a plan to follow up the manufacturing quality lot by lot 

3 High risk History for supplying components does not exist  

Does not have ISO 9001/14001 systems in place and audits are not done 

Has not provided data and has not done any qualification tests 
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Supplier recommendation should be based on categorisation. Level 1 should be 

used as a primary supplier, level 2 as a secondary and level 3 categorized supplier 

should not be approved.  

3.5.6 Alternative TCT results conversion for BLR input 

In Chapter 2.4.4 the Board Level Reliability qualification principles that are 

relevant for the standard approach were defined. However, for the QT feasibility 

qualification it is necessary to be able to do the conversion from various BLR test 

variants. Thus a theoretical approach is required to create an understanding of the 

analytical conversion of TCT variants to the reference TCT used in the QT. 

Analytical equations utilise the Acceleration Factors (AF) related to the 

accelerated test cycle results to enable their extrapolation to conditions of use. 

Analytical and computational models have been further developed and new 

models have been established to replace empirical solder joint reliability 

evaluation (Salmela et al. 2004, Salmela 2006, Dauksher 2008). Customers 

leverage both empirical and computational solder joint reliability studies to 

estimate actual operating environment lifetimes. In the QT this functionality is 

used for converting the alternative TCT results to match with reference test results. 

The acceleration factor that needs to be considered in this thesis is AFcycles, 

which relates the cyclic fatigue life of solder joints obtained in a test to the life of 

a product in a given use environment. (IPC-9701 2002, HDPUG 1999) This 

AFcycles is used for comparison between two temperature cycle tests i.e. from 

alternative test cycle to reference test cycle.  

The acceleration factor in terms of cycles to failure is defined in the following 

equation: 

 ( )

( )

f product
cycles

f test

N
AF

N
 , (4) 

where 

AFcycles the acceleration factor  

Nf(product) the characteristic fatigue life of the product in service  

Nf(test) the characteristic fatigue life of the test vehicles simulating the 

product in testing or accelerated test environment.  

To obtain an estimate of the component package lifetime in the operating 

environment the Norris-Landzberg (N-L) equation, i.e. modified Coffin-Manson 
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(C-M) equation, is used. With the N-L equation it is possible to calculate the 

acceleration factor between test and product environments. (Norris&Landzberg 

1969, Dauksher 2008, Salmela et al. 2004) 
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where 

AFcycles the acceleration factor 

Nf the number of cycles to a specified cumulative failure, 

 subscripts 1 and 2 indicate separate environments; 

 1 – the accelerated test environment 

 2 – the product service environment 

c1 1.9–2.0, values of empirical material constant for SnPb and Pb-free 

compound  

c2 0.33, value used to extrapolate the laboratory accelerated thermal 

cycles to failure data 

f the temperature cycling frequency 

ΔT the range of temperature change 

Tmax the maximum temperature in product/test environment 

The Norris-Landzberg equation was selected because it is perhaps the most 

commonly used acceleration model for relating the temperature cycle test results 

to the product environment. Also it fits well into the QT requirement for a quick 

conversion estimation of test results. Pan et al., Chung et al. Dauksher and 

Salmela have researched this field and have established new factors for Pb-free 

solder joints. (Pan et al. 2005, Chung et al. 2010, Dauksher (2008), Salmela 2007) 

However, as the difference in c1 and c2 factors is small there has been a 

simplification in the tool when the N-L equation is utilized for SnPb and Pb-free 

solder joints. For c1 the used factor is 1.9 and for c2 the used factor is 0.33. There 

are also other models that could be used for calculating the AF’s. Engelmaier has 

proposed an analytical calculation form of the Coffin-Manson equation, which 

derives the plastic strain range analytically. The Engelmaier form consists of two 

parts, one physical and one statistical. Engelmaier’s established statistical part 

based on a 2-parameter Weibull distribution will be used for the conversion 

between different failure levels in the QT. (Engelmaier 1990).  
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Andersson et al. and Clech J-P have studied the AF’s mutual comparison 

factor that has been gained from testing similar component packages in various 

TCTs. This relates the AF’s test conditions to real conditions in thermal cycling 

loads. Based on this study, the AF experiments give an indication that the AF 

between the tests −40 °C…+125 °C and +30 °C…+80 °C is approximately 

around 10–13. By having a comparison factor defined between the acceleration 

factors of different reliability tests it is possible to give an estimation of the 

product life time in the operating environment. Based on the Andersson et al. 

research, a tool for the Norris-Landzberg Modification of the C-M equation has 

been included in the QT. (Andersson et al. 2005) Fig. 21 shows the schematical 

illustration of thermal cycling tests carried out at different temperatures. (Clech 

2005) 

Fig. 21. An example of cumulative failures in the test conditions and in use condition 

(Clech 2005) X AFs describe the acceleration factors between the test and usage 

conditions. 

When AFs are utilised correctly a comparison of AFs between different product 

test and use categories can be made, as shown in Fig. 21 (Clech 2005). In order to 

estimate the characteristic life of the component package in the “Use” 

environment (+30 °C…+80 °C), the TCT results need to be multiplied by the 

corresponding acceleration factors. A mathematical presentation for the method is 

shown in following equation: 
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 Nf(product) = Nf(test_50) * AF(cycles), (6) 

where 

Nf(product) the product life time in the use environment 

Nf(test_50) the failure level of 50% 

AF(Cycles) the Acceleration Factor.  

 

In the QT the Norris-Landzberg equation used for the calculation is defined 

for the 50% failure level. In order to convert the 50% failure level to the 63.2% 

failure level, the Engelmaier conversion formula is required to be added into the 

equation. In order to use the characteristic lifetime value the calculation result is 

multiplied by the following conversion, Equation 7. 
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where 

Nf(50%) failure level of 50% 

Nf(63.2%) failure level of 63.2% i.e. characteristic lifetime value 

C% the characteristic level of failures (63.2%) of the test data 

(B) β value of the Weibull graph in the test data (Engelmaier 2004). 

Further, the proper choice of the Weibull slope, β, has to be made. Typical values 

for leadless and stiff lead devices have been observed experimentally in the range 

from 3 < β < 6 and for more compliant leaded devices in the range from 

1.8 < β < 3 (Clech et al. 1989). IPC-SM-785 proposes that for leadless 

components, values of β = 4 and for leaded components β = 2 should be used. 

These will be utilized in the QT. (IPC-SM-785 1992, Engelmaier 1993) 

With equation 7 the test results may be transferred to the operating 

environment of a component package. The PBGA 256 component package is used 

as a calculation example. TCT has been done to it and test result is 3,500 cycles in 

0 °C…+100 °C with 30 minutes per cycle. When this data is input into the N-L 

conversion tool in the QT it gives the following result. AF equals to 0.24 and the 

result against the reference TCT (−40 °C…+125 °C) equals to 847 cycles at 50% 

failure level and 928 cycles at 63.2% failure level i.e. the characteristic lifetime. 

In practice this result of less than 1000 cycles reduces the BLR results and 

thereby the overall feasibility qualification of this component package. 
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3.5.7 Expected characteristic lifetimes of categorized component 
package technologies 

Fig. 22 shows the characteristic lifetimes of some leadless and leaded component 

packages. The red dotted line defines the 1000 cycle’s limit of the reference test 

(IPC-9701 NTC-C TC3). This 1000 cycle limit is a guiding factor in the BLR 

qualification of a component package for the infrastructure products. One might 

query why these are so defined, but from the qualification point of view it is 

important to know which component packages will exceed this limit and which 

packages have trouble in reaching it. (IPC-9701 2002)  

The data in Fig. 22 is based on extensive reliability tests of various 

component package technologies (Salmela 2005:7). As a reference, the CP 

material properties have been defined in Chapter 2.4.2. For comparison purposes 

a few CP technologies have been added which exceed the reference test limit of 

1000 cycles (Noctor et al. 1993). This is to create the definition of the 

characteristic lifetime of different component package technologies. These data 

will be used as a reference database. The reliability test results in this database are 

based on the IPC-9701 standard test results.  

Fig. 22. Temperature cycle test results (for −40 °C …+125 °C, 60 minute cycle) 

reference test. (Salmela 2005:7 published by permission of Salmela O). 

As seen from Fig. 22, the worst performers in the BLR thermal cycling tests are 

the leadless ceramic components, mainly due to the high CTE mismatch between 

the ceramic component package and the PWB. Also CBGAs and micro BGAs, i.e. 
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CSP from the BGA component package family, may not reach the proposed 

reference TCT level of 1000 cycles (IPC-9701 2002). However, it should be noted 

that there are multiple factors affecting the result. Thus there are, of course, 

CBGAs and CSPs that fulfill the requirement. FCBGA and TBGA component 

packages show an acceptable BLR thermal cycling performance due to their 

structure and material supremacy over ceramic packages. The QFP and SO 

component package gull-wing leads do not experience high stresses and strains 

during temperature cycles and consequently give far better results. Inevitably, 

there are also anomalies with these packages. Those component package 

technologies which do not reach the level of the infrastructure 

(telecommunication) applications 1000 cycles limit can still fulfil the criteria for 

other product applications (Munroe 2000). The medium and low stress 

component packages (BGA, gull-wing leaded QFP, SO) pass the IPC-9701 NTC 

TC-3 reference test limit of 1000 cycles.  

Preferred reference should be given to temperature cycle condition TC1 

(0 °C … 100 °C) and test duration NTC-E (6,000 cycles) (Table 3) for acceptance 

of test results by a wider industry sector. However, the 1000 cycles result from the 

IPC-9701 TC3 NTC-C (−40 °C … +125 °C) temperature cycling test is a valid 

test to approximate the required lifetime in the operating environment of 

infrastructure products. (IPC-9701 2002) 

In many cases there is no BLR data available in product-specific PCNs and 

therefore it is important to understand which components may be qualified with a 

little risk as acceptable even though BLR TCT results do not exist. In these cases 

the reliability qualification is based either on the historical data from previous 

tests, on the user’s tacit data or on previous studies made in this field (Frisk et al. 

2002).  

In Table 10, details are presented of the characteristic lifetime expectancy i.e. 

component package acceptability against the reference test requirement IPC-9701 

TC3 NTC-C (1000 cycles); component package technology; materials and 

interconnection type. The proposed QT acceptance rules for qualification success 

will be reviewed in Chapter 5.  
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Table 10. Expected BLR results. 

Component 

package 

Characteristic lifetime  

expectancy in TCT /cycles*,** 

QT BLR acceptance rules 

QFP, TSOP 

(Leaded) 

500–1000 500–1000 cycles level acceptable, 

> 1000 Acceptable 

BGA, CSP 

(Solder ball) 

500–1000 Concern, Acceptable in mild operating environments  

> 1000 Acceptable 

CLLCC, 

(leadless) 

ceramic package 

0–500 Not acceptable 

500–1000 Acceptable in mild operating environments 

> 1000 Acceptable 

LPCC, (leadless) 

plastic package 

0–500 Not acceptable 

500–1000 Acceptable in mild operating environments 

> 1000 Acceptable 

* Salmela 2005:7, ** Wu et al. 2002 

The QT acceptance rules in Table 10 have been defined by the author. The 

“Acceptable” rate is based on the reference test limit of 1000 cycles, but other 

limits are based on the author’s extensive testing of various component package 

technologies. In the CLLCC category, solder joints formed between CP and PWB 

pose such a high risk that, if the BLR test result is less than 500 cycles, that 

component cannot be approved because the estimated lifetime is not adequate for 

the infrastructure product. 

3.5.8 Operating environment definition (optional to BLR qualification) 

If there are no BLR test results available for the CP BLR qualification, the 

“Operating environment” sub-area can be used for the preliminary qualification. 

In this sub-area the actual use environment is used to categorise the stresses that 

the component package experiences in the operating environment. For the QT the 

operational use environment conditions, i.e. office, cabinet indoor, cabinet 

outdoor, are defined as possible operating environments for the infrastructure 

product. Also defined in this sub-area is the product lifetime impact i.e. the 

component package experience of field fatigue/ stress in the range of 

high/medium/low, which also has an effect on the reliability qualification. 

Fig 23 shows an example of average daily thermal cycle (ΔTO) experienced 

by the component package interconnections i.e. solder joints (interconnection 

temperature is assumed to be the board temperature, TB), in relation to the daily 

thermal cycle and temperature fluctuation range of the environment ΔTE of the 
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package. The package temperature is assumed to be the junction temperature TJ. 

(HDPUG 1999).  

Fig. 23. An example of daily thermal cycle (∆To) experienced by the component 

package solder joints. 

Table 3 described several different application categories and for each category 

the characteristic temperature deltas in the interconnections of the component 

package were defined. [HDPUG 1999] ΔTO,Interconnect characterises the temperature 

delta which the component package interconnections experience under field 

conditions while ΔTO,Package characterises the package level thermal cycle under 

field conditions. A component package experiences one low temperature cycle in 

a day in the telecommunication product based on the graph in Figure 23. However, 

the temperature delta is high and thus it requires a reliable component package 

which is possible to assemble, inspect and if required rework with good quality to 

ensure long operating times in this environment.  

3.5.9 Package-specific environmental and other data definition 

Environmental legislation and regulations are two of the factors driving 

component package material changes. However, cost of the materials is another 

factor which is driving forward the changes in CP materials. When the EU RoHS 

introduced a restriction on the use of six substances in EEE products, compliance 

required the introduction of new component package materials and Pb-free 
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ΔT JB



 81

manufacturing processes (RoHS 2002, RoHS 2011). The change into Pb-free 

manufacturing process has probably had the largest impact to the EEE 

manufacturing during last years. SnPb based manufacturing process has been in 

active use already over half a century, therefore the change into Pb-free 

manufacturing caused a lot of new research in this field and enabled also 

development of new soldering systems and materials. However, for example 

counterfeit products may still utilize old technology process and component 

packages, because while component packages have become obsolescent to other 

products, they can still be used in other products. Therefore during the 

qualification it is essential to recognise the compliance of the CP’s under 

qualification.  

EU RoHS has been copied worldwide as a “copy-cat” legislation in other 

countries and continents e.g. China, India, Turkey, Ukraine, Vietnam, Kenya etc. 

Thus those component packages that are EU RoHS compliant are now also 

compliant with the legislations of many other countries. (Rahko & Sivonen 2008) 

Registration, Evaluation, Authorisation and Restriction of Chemical substances 

(REACH) regulation will bring additional restrictions on the use of substances in 

component packages and so the component package, PWB and process 

consumable materials will need to be redesigned and re-qualified. (REACH 2007) 

These compliance factors are monitored in the QT and have an effect on the 

qualification result.  

Norway has been developing their own Prohibition of Hazardous Substances 

(PoHS) material legislation. Within the PoHS Norway proposed several 

substances to be restricted from use in EEE and one of them were arsenide. 

Gallium arsenide is the base material used in the integrated circuits and as this 

was raised up by the global IC manufacturers, Norway had to back-down with 

their restrictions. This is a valid example of the material legislations impact on the 

component package manufacturing requirements. (SFT 2008) 

Restrictions on the use of flame retardant halogens in the PWBs and 

components have been set because products containing halogens can produce 

toxic dioxins and furans following incomplete combustion. This can occur if 

products are not recycled properly in recycling facilities. (Ren et al. 2010) For 

brominated and chlorinated flame retardants (BFR, CFR) and Polyvinyl chloride 

(PVC)-free products the maximum allowed amount of bromine or chlorine is 900 

ppm at homogeneous material level. (J-STD-709 2008) In the QT, component 

packages are qualified also against halogen-free compliance.  
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Amongst package-specific environmental data input, it is possible to add 

other package-specific data to the QT. This data could consist of warpage 

measurement results, ESD results and other concerns with manufacturer etc. 

which are not recorded to the history database elsewhere. 
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4 Input parameters used in the QT 

Qualification requires information both from the component package and the 

PWB. This data includes component package structure, size and materials, 

material properties, internal bonding technology, daisy chain wiring, 

interconnection type, solder joint plating / solder ball material and PWB thickness 

and size. In the CP qualification it is also important to give weight to the proper 

selection of materials because in many competing qualification tools the CP and 

PWB material properties are just part of the reliability qualification. Standard 

reliability testing (e.g. IPC-9701 2002) proposes a standard thickness of PWB to 

be used during qualification. (IPC-9701 2002) This makes possible the 

comparison between a new and a previous generation component package.  

Manufacturer qualification requires information of the risks associated with 

the manufacturer. This information can be tacit data based on the user’s 

knowledge of the manufacturer’s reputation as a certificated manufacturer. 

Alternatively, information can be based on the manufacturer assessments in which 

all manufacturing processes, quality management systems policies and procedures 

are assessed. If the user does not have this data then the manufacturer needs to be 

categorised according to the new classification method proposed in Chapter 3.5.5. 

It is mandatory for the reliability qualification to have information of the 

component package 1st and 2nd level, i.e. board level reliability (BLR), test 

methods and results. In the QT there is a quantitative parameter of the 1st level 

qualification package availability. There is also a drop-down list provided by the 

CP manufacturer from which a suitable BLR test method can be selected. These 

methods and results may be received from the CP manufacturer on request. The 

QT makes it easier for the user to understand exactly what information is required 

for feasibility qualification. This can also be communicated to the CP 

manufacturer as a customer requirement. The CP reliability qualification data 

should include test cycle temperature range, cycle time and total accelerated test 

time. Also added into the QT is a conversion tool to convert the CP 

manufacturer’s used reliability test and results to the reference reliability test and 

results. If the reliability test results do not fulfil the requirement, the QT user may 

still consider using the component package in milder operating environments. If 

the BLR test method or the results are not known then the results of previously 

tested similar packages can be used for the preliminary qualification. If even that 

information is not available, then the “Operating environment data input” can be 

used for the preliminary component package reliability qualification.  



 84

In the “Manufacturability” qualification, knowledge of the user’s/company’s 

manufacturing capabilities, i.e. knowledge of assembly, Pb-free reflow soldering, 

rework and inspection processes, is required. Those companies which are using 

contract manufacturer services need to request this information from their 

subcontractors. With the QT, users can estimate the feasibility of the selected 

component before the first components are assembled onto the boards. This also 

gives significant benefits to those companies who are using contract 

manufacturers. The information gained from the CP and PWB properties can be 

used in the manufacturability qualification.  

The use of the Package-specific environmental and other data sub-area 

qualification depends on the customer requirements. However, it needs to be 

noted that the component package environmental compliance qualification 

requires more focus as material legislations develop continually. As mentioned in 

Chapter 3.5.9, since 1st July 2006 the EU RoHS Directive has set restrictions on 

the use of six substances in EEE products (RoHS 2002, RoHS 2011). The new 

REACH regulation, which came into force on 1st June 2007, now sets new 

restrictions on the use of substances in all products manufactured or imported to 

the EU (REACH 2007). There are altogether 15 substance restrictions in REACH 

on component packages (Turnbull 2008).  

The QT sub-areas are thus briefly introduced. In every sub-area there are 

multiple parameters and some of the parameters are both Basic Data (BD) and 

Advanced Data (AD). BD is data that is mainly available from the component 

package data sheets and other public/history data and this is mandatory to input 

for the QT. For the AD, more thorough data collection and co-operation with the 

manufacturer/supplier is required. The AD input is not mandatory, but with it the 

user is able to make a more thorough and confident feasibility qualification. As an 

example of the BD parameter from the Component package’s general properties 

sub-area (RCD1), the lead pitch of the component package can be considered and 

as the AD parameter, the CP’s solder joint form impact on the BLR test stress 

levels. Basic data should be easily available to the user but the advanced data 

requires more detailed knowledge of the component package and may be more 

difficult to acquire.  

In the QT the WeCo factor defines the total value of each parameter. The 

reason for the introduction of the WeCo factor is that it balances the weight 

between all eight sub-areas. Thus, no sub-area has a higher impact on the total 

score than another. However, before the QT is taken into use, the WeCo factors 
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need to be adjusted for the company specific QT in order to ensure trustworthy 

results.  

4.1 Qualification type selection PCN / NPI 

In Fig. 24 is shown an example of PBGA type component package. Similar type 

of CP will be used as a case study example in the presentation of QT sub-areas. 

With an example figure it is easier to see what information is required to input 

into QT. 

 

 

 

 

 

 

 

 

Fig. 24. Example of BGA component package. 

Table 11 defines the parameters which are required for the “Qualification type 

selection” data input. This is a qualitative sub-area having no numerical values 

but collects basic data (BD) for history and tracking purposes. Therefore WeCo 

values are not included. 

Substrate                        Solder balls 

 
Gold wire bond IC chip/Die  Plastic moulded 

encapsulation 
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Table 11. Table Generic PCN information. 

Data BD / AD Description: PCN/ NPI type 

selection 

Data input Case: PBGA 644 

1 BD Identification code /  

component package + I/O 

 123456 

2 BD PCN / NPI number / code  11111 

3 BD PCN qualification type, PCN / 

NPI 

Change types BLR tests done 

4 BD Detailed Description, 

Manufacturing package type 

 PBGA 644 

5 BD Date / Year  DD/MM/YY 01/07/10 

6 BD Qualifier Name/initials  MR 

7 BD Company internal component 

code 

 C123456 

8 BD Component package technology 

type 

Ball Grid Array, QFP, 

SO, PQFN, Connector, 

CLLCC,  

Power Module, 

Connector gull-wing 

terminal, Connector 

BGA terminal 

Ball Grid Array 

The 1st – 7th parameters include BD about the component package that is under 

qualification, PCN / NPI type selection and also the QT user initials for tracking 

purposes. There is also a space reserved for detailed information of the 

component package for further identification. Choices include nine PCN 

qualification types – eight preset and one blank. The preset change types are 

moulding compound, lead-frame material, other material, package dimension 

change, package die, manufacturing, new package introduction, and board 

level/2nd level reliability. In all of these cases it is recommended that the user fills 

in the maximum available data to enable as complete a qualification as possible 

and to provide for future correct identification of the component package. Finally, 

the 8th parameter provides a drop-down list to select the appropriate CP. Selection 

is based on the CP material type and interconnection type based on Table 1. When 

completed, this qualification type selection includes generic information about the 

component package under evaluation. 
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4.2 Component package general properties data input 

Table 12 defines the parameters which are required for the “Component package’s 

general properties data” input. This is a partly qualitative and partly quantitative 

sub-area requiring both BD and AD input. This sub-area has an impact on the 

“Board Level Reliability” (solder joint geometry), “Manufacturability” and the 

“Package-specific environmental and other data” input sub-areas. 

Table 12. Component package General properties data. 

RCD 

Data 

BD / AD Description: General 

properties 

Data input Case : PBGA 

44 

WeCo 

cumulative 

value : 0–6 

1 BD Pin count I/O Number of I/O 644  

2 BD Net Weight (g) g 12  

3 BD Size (mm) (W x L x H) mm 31 × 31 × 2.5  

4 BD Pitch (mm) ≤ 0.5 = 1, ≥0.5 = 2, Not 

known = 0 

Pitch 1 mm,  

score = 2 

0–2 

5 BD CP status, maturity level 

of the package 

Prototype = 0, 

production = 1 

Production,  

score = 1 

0–1 

6 AD Daisy chain DC, production chip   

7 AD Internal solder joints 

(Wirebonding / flip chip) 

Wirebonding, 

Flip Chip 

WB  

8 BD Component package 

solder joint form impact to 

BLR test stress levels 

Not known = 0 

High stress = 1, medium 

stress = 2, low stress = 3 

Medium stress, 

Score = 2 

0–3 

The five parameters (1, 2, 3, 6, 7) represent the qualitative data of a component 

package. These include data related to pin count I/O, net weight and size of the 

package, daisy chain structure and internal solder joint parameters. From a 

general properties point of view, the dimensions from the package data sheets 

must be entered in this area of the tool for identification of the CP.  

The 1st, 2nd and 3rd parameters are qualitative BD data input because they do 

not have a direct impact on the qualification result in this setup, and these 

parameters are taken into account later on, for example in the “Manufacturability” 

sub-area. The 6th and 7th parameters are qualitative AD data input and if these 

parameters are known they should be recorded as they might act as an indicator 

for the qualification success or failure. 

The three parameters (4, 5, 8) represent the quantitative data of a component 

package and have WeCo values defined for them. These include data related to 
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pitch, CP status maturity level, and CP solder joint geometry impact on BLR test 

stress levels parameters.  

The 4th parameter contains the CP’s lead pitch data input value. Current 

infrastructure products contain a wide variety of CP technologies, i.e. a large 

number of different CPs in the PWBAs. The impact of a pitch less than 0.5 mm 

was introduced in Chapter 2.4.6. When the pitch of the component package solder 

joints is ≥ 0.5 mm, it scores higher because these components are easier to 

manufacture and use in the current infrastructure product component mix. The 

WeCo value for the 4th parameter is two (2) points if the pitch is ≥ 0.5 mm and 

one (1) point if the pitch is < 0.5 mm.  

The 5th parameter contains the “CP Status, maturity level of the component 

package”. As mentioned, it is preferred in qualification to use a production-ready 

component package so that the structure and materials are as close to the final 

component package as possible. This gives, both for the user and manufacturer, a 

certainty that the component packages are ready for production. If the package is 

in the “prototype” status, the status/qualification needs to be updated once the 

component package is final and ready for production. IC manufacturer Altera 

states that the information gained from the series of JEDEC tests is useful and 

aids users to match their stress and environment requirements. It also helps to 

establish guidelines for handling, soldering, classifying and storing a component 

package (Altera 1999). The WeCo value for the 5th parameter is one (1) point for a 

production ready package and zero (0) for a prototype package. 

The 8th parameter contains the data input value “Component package solder 

joint geometry impact on BLR test stress levels”. In this thesis component 

package solder joint geometries are divided into three categories based on the 

component package technologies and solder joint types (Table 8). From the 

impact of the component package type on the BLR test stress level and on the 

lead geometry, it is possible to assess the WeCo values from zero to three (0–3). 

As the CP lead types are leaded/gull-wing interconnection for QFP/SO, leadless 

interconnection for PQFN/CLLCC or solder ball interconnection for BGA, the 

hazard rating for different stress levels has an effect on the component package 

product lifetime. The WeCo value range for the 8th parameter is from high stress, 

three (3) points to unknown, zero (0) points. 

The maximum points from this sub-area, “Component package general 

properties” (RCD1) data input, are six (6) points and the minimum points are zero 

(0).  
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4.3 Component package material data input 

Table 13 defines the parameters which are required for the “Component package 

material properties” data input. This is a partly qualitative and partly quantitative 

sub-area requiring both BD and AD input. This sub-area has an impact on “Board 

Level Reliability” (e.g. due to CTE mismatch between component package, 

solder joint and PWB), on “Manufacturability” and on the “Package-specific 

environmental and other data” input sub-areas.  
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Table 13. Material data of component package. 

RCD 

Data 

BD / AD Description: Component 

package material data 

input 

Data input Case : 

PBGA 644 

WeCo 

cumulative 

value:  

0–6/8 

1 BD Moulding compound 

thickness 

mm –  

2 BD Substrate thickness 

(BGA) 

mm –  

3 BD Solder joint plating / Ball 

material composition 

Matte Tin / Gold / SnPb / 

SnAgCu / SnAg 

SnAgCu  

4 BD Risk control of tin 

whiskers 

low = 2,  

medium = 1,  

high = 0 

Not known = 0 

Low risk,  

score = 2 

0–2 

5 BD MSL class Level 1 = 2;  

Level 2,2a = 2; 

Level 3 = 1, Level 4 = 0, 

Level 5 = 0 

Not known = 0 

MSL 3, 

Score = 1 

0–2 

6 AD Substrate CTE value 

(BGA) 

ppm/°C –  

7 AD Moulding compound (MC) 

material supplier 

Sumitomo, Nikko etc. –  

8 AD MC Material code / type  –  

9 AD MC CTE,  

 1 < Tg (QFN) 

ppm/10−6/C° 

> 12 ppm/°C = 1 

< 12 ppm/°C = 0 

Not known = 0 

– 0–1 

10 AD MC CTE  

 2 > Tg (QFN) 

ppm/10−6/C° 

> 40 ppm/°C =1  

< 40 ppm/°C = 0  

Not known = 0 

– 0–1 

11 AD Lead frame material,  

(Not CLLCC (ceramic 

CPs) / BGA) 

Copper = 1,  

Alloy42 = 0 

Not known = 0 

– 0–1 

12 AD PBGA/QFN warpage 

measurement  

Warpage measurements  

OK = 1, Not OK = 0 

Not known = 0 

Not known, 

score = 0 

0–1 

The six parameters (1, 2, 3, 6, 7, 8) represent the qualitative data of a component 

package. These include data related to moulding compound thickness, substrate 

thickness, solder joint plating/ball material composition, substrate CTE value, 
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moulding compound material, and moulding compound material code/type. The 

1st, 2nd and 3rd parameters are qualitative BD data input, while 6th, 7th and 8th are 

AD data input. These parameters are considered as qualitative because they are 

focused on certain component package technology types and cannot be 

generalised to all technologies. As in the case of the 2nd parameter, a thicker 

substrate only slightly improves the fatigue life by increasing the overall package 

CTE and reducing global CTE mismatch with the PWB (Ng et al. 2005). Thus the 

impact of this parameter is qualified in the BLR qualification sub-area. The 3rd 

parameter of solder joint plating data is required for characterizing the tin whisker 

risk. The 6th, 7th and 8th parameters are AD inputs and for future requirements, e.g. 

for FEA it is useful to record this data into the history database. 

The six parameters (4, 5, 9, 10, 11, 12) represent the quantitative data of a 

component package and have associated WeCo values defined for them.  

The 4th parameter contains the “risk control of tin whiskers” data input value. 

SnPb, Au, SnAgCu and SnAg platings do not experience whiskers because the 

composition and purity of metals prevents their formation (Boguslavsky 2003). 

However, tin platings are proven to pose a risk after soldering. iNEMI and 

JEDEC have defined test methods for evaluating tin whisker growth on plated 

surfaces. These iNEMI proposed tests need to be done by every supplier to 

guarantee that their products do not pose a risk of whisker growth and they need 

to be available in the qualification package from the supplier (Boguslavsky 2003, 

JESD69B 2007). The WeCo values are from two (2) points for low risk, one (1) 

point for medium risk and zero (0) for high risk/not known. 

The 5th parameter contains the “MSL class” data input value. The minimum 

acceptable MSL level of the component package should be level three (3) or 

better (MSL 2, MSL 2a, MSL 1) which guarantees a better controlled 

manufacturing process and reduces the number of latent, i.e. infant mortality, 

failures. The recent changes in moulding compound materials have caused 

component manufacturers to use more expensive materials and processes to meet 

the MSL expectations. (iNEMI 2007, J-STD-020D 2008) The WeCo value for the 

5th parameter is based on the data input value and the range is from two (2) to 

zero (0) points. 

The 9th and 10th parameters contain the “Moulding compound CTE” data 

input values. This is again focused on certain component package technologies, 

but the CTE value plays an important role in the reliability qualification of the 

QFN and similar leadless types of components. Syed & Kang have set two trigger 

values of α > 12 ppm/ °C and α > 40 ppm/ °C for qualification in relation to BLR. 
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As the CTE value has a direct impact on the BLR, the weighting is set so that 

QFN component packages gain benefit if the CTE data for the moulding 

compound is known. Especially the CTE above and below the moulding 

compound (MC) Tg temperature is vital for QFN components as they may 

experience warpage in the reflow process. When the MC CTE value is closer to 

the CTE value of the PWB, it increases the fatigue life of the package by 

increasing the mean package CTE and reducing the CTE mismatch with the PWB. 

(Syed & Kang 2003). The WeCo values for the 9th and 10th parameters are based 

on the data input value and the range is from one (1) to zero (0) points. 

The 11th parameter contains the “Lead frame material” data input value. 

Component package technologies with a lead frame structure may experience 

early field failures because of the effect of an Alloy-42 lead frame. Therefore it is 

important that component packages with this lead frame are checked in the 

qualification. If a component package has an Alloy-42 lead frame, its impact is 

also seen in the BLR testing (Noctor et al. 1993). The WeCo value for the 11th 

parameter is based on the data input value and the range is from one (1) to zero (0) 

points. QFN/MLF, SO and QFP packages have either a copper or an Alloy-42 

lead frame as an internal structure.  

The 12th parameter contains the PBGA/QFN warpage measurements data 

input value. Warpage is one of the failure modes which may initiate latent, i.e. 

infant mortality, failures. The stresses that are built-in during the assembly 

process release and break the package internally and externally by disconnecting 

wire bonding, die cracking or open solder joints (Vaccaro et al. 2004). The WeCo 

value for the 12th parameter is based on the data input value and the range is from 

one (1) to zero (0) points. 

Maximum points from this sub-area, “Component package material 

properties”, (RCD2) data, are six (6) points if the CTE values are not known and 

eight (8) points with known CTE values.  

4.4 PWB material data input 

Table 14 defines the parameters required for the “PWB material” data input. This 

is a partly qualitative and partly quantitative sub-area requiring both BD and AD 

input. This sub-area has an impact on the “BLR reliability” qualification (PWB 

thickness effect) and “Manufacturability” qualification sub-areas.  
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Table 14. PWB material data. 

RPD 

Data 

BD / AD Description: PWB 

material input 

Data input Case: PBGA 644 WeCo 

cumulative 

value: 1–3 

1 BD PWB thickness (mm) x > 2.35 > y 2.35  

2 BD PWB thickness 

conversion factor for 

BLR, PWB thickness 

effect on BLR, conversion 

calculation from “PWB 

converter” in QT 

 2.35 mm = 

conversion factor 1, 

score = 2 

 

1–3 

3 AD PWB CTE ppm/°C –  

4 AD PWB Plating OSP, SnPb HASL, 

immersion Tin, 

immersion silver, 

ENIG 

OSP  

5 AD PWB Size (mm)  

(W x L) 

mm –  

The four parameters (1, 3, 4, 5) represent the qualitative data of a PWB material 

data input. These include data related to the PWB thickness, PWB CTE value, 

PWB plating and PWB size. The 1st parameter is qualitative numerical BD input, 

which is used in the calculation of the 2nd BD parameter “PWB thickness 

conversion factor”. The 3rd, 4th and 5th parameters are qualitative AD input 

because they do not have a direct impact on the qualification result. The 3rd 

parameter “PWB CTE” is always a combination of the laminate and copper layers 

within it. The average PWB CTE ranges from 14–18 ppm/ °C and the CTE of the 

component package should be aligned with the average values of the PWB to 

minimize the CTE mismatch (Andersson 2005). The 4th parameter contains the 

“PWB plating” data input. It does not have WeCo values assigned to it because it 

does not have an impact on the qualification. Han et al. have studied the effect of 

PWB plating on the chip resistor failures in TCT (Han 2003). The test results for 

different platings all exceeded the limit of 1000 cycles, thus plating is not 

expected have a profound effect on the BLR. The 5th parameter contains the “Size 

of the board” data input and has no WeCo values as it has little effect on fatigue 

life. However, if the size of the PWB exceeds the capability of the production line, 

then the impact will be notified in the “Manufacturability” qualification. The 3rd, 

4th and 5th parameters are useful to record to the history database for future use e.g. 

in finite element analysis.  
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This sub-area has one parameter that requires quantitative data input and thus 

an associated WeCo value. This is the 2nd parameter containing the “PWB 

thickness conversion factor for BLR” data input. As stated in Chapter 2.4.3, PWB 

parameters should either be close to the final end product thickness or use the 

nominal IPC-9701 recommended PWB thickness of 2.35 mm. (IPC-9701 2002) 

Consistent board size and thickness in the BLR tests minimize the variations 

between similar types of package qualification. (Ng et al. 2005) The PWB 

similarity enables the comparison between new and previous generations of 

component packages i.e. new similar technology type component packages may 

use data from the history database for their feasibility qualification (Chapter 1.1). 

If the PWB is not as defined in the standard, then there needs to be a conversion 

for the reliability test results for different PWB thicknesses. Chapter 3.5 presented 

the principle of the PWB thickness converter. This converter is built into the QT. 

Once the thickness conversion factor is calculated, the WeCo value will be 

defined based upon it. For conversion values of < 1, 1 (equal to 2.35 mm) or 2, 

the corresponding WeCo values are one (1) point, two (2) points or three (3) 

points, respectively. 

Maximum points from this sub-area, “PWB material”, (RPD) data input, are 

three (3) points and minimum one (1) point. 

4.5 Manufacturer / supplier data input  

Table 15 defines the parameters required for the “Manufacturer / supplier” data 

input. This is a partly qualitative and partly quantitative sub-area requiring both 

BD and AD input. 

Table 15. Manufacturer / supplier data input to QT. 

RMS 

Data 

BD / AD Description: Manufacturer / 

supplier data input 

Data input Case: PBGA 644 WeCo 

cumulative 

value: 0–3 

1 BD Manufacturer  Xxx  

2 BD Manufacturer / supplier risk 

(high/medium / low) 

Low risk = 3, 

medium risk = 2, 

high risk = 1,  

Not known = 0 

medium risk,  

score = 2 

0–3 

3 AD Assembly site  –  
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The two parameters (1, 3) represent the qualitative data of a 

manufacturer/supplier data input. These include data related to manufacturer 

name and assembly site. These 1st and 3rd parameters are qualitative because they 

do not have a direct impact on the qualification result. The 1st parameter is BD 

input and 3rd parameter is AD input. The 3rd parameter is valid for future 

requirements, e.g. for tracking unsatisfactory component batches it is useful to 

record this data into the history database.  

This sub-area has one parameter that requires quantitative data input and thus 

an associated WeCo value. This is the 2nd parameter containing the 

“Manufacturer/supplier risk” data input. This parameter qualifies the risk that a 

component manufacturer may pose. It is based on the Table 9 component 

manufacturer categorisation. Chapter 3.5.5 defined the basic parameters of how 

the manufacturer/supplier is categorized. The data input value and WeCo value 

follow this categorization. Additionally, the justification for the qualification of 

the manufacturer/supplier is based on the QT user’s knowledge and on the history 

data that the company may have available in advance. Depending on the risk 

involved with the manufacturer/supplier, the WeCo value is at maximum three (3) 

points for low risk and a minimum one (1) point for high risk. If the 

manufacturer/supplier is not known then it scores zero (0) points. 

Maximum points from this sub-area, “Manufacturer/supplier”, (RMS) data 

input, are three (3) points and minimum zero (0) points.  

4.6 BLR qualification data input 

Table 16 defines the parameters which are required for the “Board level reliability” 

data input. This is a partly qualitative and partly quantitative sub-area requiring 

both BD and AD input. This area has no direct impact on other sub-areas.  
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Table 16. Board level Reliability data input. 

RB1 

Data 

BD/AD Description: BLR data 

input 

Data input Case : PBGA 

644 

WeCo 

cumulative 

value: 0–9 

1  Use of similar previously 

qualified component 

package data. 

YES = 1, 

BLR qualification data 

not available; NO = 0 

NO,  

score = 0 

0 / 6 

2 BD Qualification principle Manufacturers tests = 2, 

internal tests = 1, 

tests needed = 0 

2 0–2 

3 BD 1st level package tests 

completed 

JEDEC 69B qualification 

package complete  

OK = 1, 

Not OK = 0 

1 0–1 

4 BD BLR, 2nd level test results 

available from 

manufacturer / supplier 

Not available = 0, 

Available = 1 

1 0–1 

5 BD BLR test result per IPC-

9701 TC3  

Value / Characteristic 

lifetime (63.2%) 

1200  

6 AD Reference test result with 

PWB AF  

 1200  

7 AD Other test type (e.g. 0–

100) / cycle frequency 

Drop-down list –  

8 AD Test result of other TC 

testing 

Characteristic lifetime 

(63.2%) of other test 

–  

9 AD N-L Conversion of other 

test methods to reference 

test, PWB AF included 

 –  

10 BD Board level test results 

(IPC-9701 TC3 NTC-C / or 

other test) 

BLR test, 2nd level test 

result > 1000 = 5,  

500–1000 = 2,  

< 500 = rejectable = 0 

5 0–5 

The five parameters (5, 6, 7, 8, 9) represent the qualitative data of a board level 

reliability data input. These include data related to BLR test result per reference 

test, test results multiplied with PWB AF factor, other test type definitions, test 

result of other test types and N-L conversion of other test method results. (Norris-

Landzberg 1969, Engelmaier 1990, 2004) The 5th, 6th, 7th, 8th and 9th parameters 

do not have WeCo values because they do not have a direct impact on the 

qualification result. However, these parameters are a source for other parameter 

calculations. The 5th parameter is BD input. The 6th, 7th, 8th and 9th parameters are 
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AD input, but for BLR qualification (if a reference test is not used) it is vital to 

have this information. For future requirements it is also useful to record this data 

into the history database. The 5th parameter contains the BLR test result data input. 

The BLR test result is based on the IPC-9701 reference test value (IPC-9701 

2002). This value is then used for the calculation of the 6th parameter, reference 

test result with PWB AF. In the 6th parameter the PWB conversion calculation 

factor is used and this is multiplied by the BLR reference test result. Based on this 

calculation the total BLR test result is input into the 10th parameter.  

The five parameters (1, 2, 3, 4, 10) represent the quantitative data of a 

component package and have associated WeCo values defined for them.  

The 1st parameter contains the definition of “Use of similar previously 

qualified component package data”. If a similar type of package has been 

qualified earlier and the history data is in the database, it can be used for the 

qualification of a new component package. If that is used then no other data is 

entered into the “Board level reliability” data input sub-area. In this case the 

WeCo value is six (6) points as the BLR sub-area total value. If the history data 

from the database is not used, then this parameter is given the value of zero (0) 

and other parameters need to be entered for the BLR sub-area qualification.  

The 2nd parameter contains the “Qualification principle” data input. Within 

this parameter it is validated whether the tests are done by the component 

manufacturer/supplier or they are done internally or they are yet to be done. As 

stated in Chapter 3.7, it is most beneficial to all that the component manufacturer 

makes the tests for component package reliability both for the first level and 

second level. In JESD No. 69B, component suppliers have qualified the package 

as a separate component (1st level reliability) (JESD 69B 2007). However, they 

should also test the BLR (2nd level reliability) when the component is soldered to 

the PWB. The WeCo values have a range from two (2) to zero (0) i.e. if the BLR 

tests are done by the component manufacturer gives two (2) points, if the user has 

made internal BLR tests gives one (1) point or if BLR tests are yet to be 

completed gives zero (0) points. 

The 3rd parameter contains the “1st level package tests completed” data input. 

From the overall component qualification point of view it is important that the 1st 

level tests are done, because those tests show that the component package level 

reliability is at the required level. The WeCo values have a range from one (1) 

point for data available to zero (0) for data not available, thus forming a trigger. 

The 4th parameter contains “BLR 2nd level test results available from the 

“Manufacturer/supplier” data input. As stated earlier, the target is that the 
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component manufacturer does the testing of the package so that results are 

consistent and can be utilised by several customers. The WeCo value for the 4th 

parameter is one (1) point for data available and zero (0) for data not available. 

The 7th, 8th and 9th parameters are for the definition of alternative component 

package BLR TC test result analysis. If the BLR TC tests have been done with 

test methods other than the reference test, the test result needs to be converted to 

match with the reference test in order to see that the BLR is in the confident level. 

If there are no BLR TC test results given in a chart and instead there is given the 

2-point Weibull graph, it is important to be able to find the Characteristic Lifetime 

(63.2%) point, , and shape parameter, β, which are the key points in the analysis 

of the reliability, as defined in Chapter 3.4.3 In the 7th parameter other test types 

are entered by selecting from the drop-down list. In the 8th parameter the test 

result of other tests are entered into N-L conversion calculation tool, i.e. the  

value. The 9th parameter result comes directly after 8th parameter is input.  

The 10th parameter contains the “Board level test results” data input. The 

reference test is the IPC 9701 NTC-C TC3, as shown in Table 4. This parameter 

has the highest value in the BLR qualification sub-area as it has the highest 

impact on the qualification of the component package. An IC can potentially 

undergo a number of thermal, humidity, and electrical stresses during its life, so 

accelerated reliability stress tests have been designed to evaluate the effects of 

these stresses over time. A device needs to be assembled onto a PWB using 

normal manufacturing processes and put into a reliability/environmental test 

chamber that will encompass the types of reliability stresses the device will 

experience in the operating environment in order for the test to be meaningful and 

to evaluate the product’s ability to resist such stresses. This implies that the 

function of accelerated reliability stress testing is to evaluate how the product will 

perform when used in the systems and in those environments for which it is 

manufactured. The way to identify BLR test results from the PCN/NPI data sheets 

is to check whether the tests have been defined as Board Level Reliability or as 

PCB Interconnect Reliability tests. Also the test ranges, either from 0 °C…100 °C 

or from −40 °C…+125 °C, are those that are used for BLR testing (IPC 9701 

2002). If the TCT cycle range is from −55 °C…+125 °C or from 

−65 °C…+150 °C then these tests have been done for the 1st level reliability tests, 

as there is a need to test the component package’s internal structure. The duration 

of these tests is at maximum 500 cycles. (JESD47G.01 2010)  

The 6th and 9th parameters give the numerical value of the actual BLR result 

to the 10th parameter. In the board level test results parameter (either reference test 
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or other test) the user selects which of the reliability test results is fulfilled. This 

clarifies if the test result is Acceptable (> 1000 cycles), Acceptable with concern 

(500–1000 cycles) or a Rejectable (< 500 cycles). Based on this selection the 

WeCo values are five (5) points for acceptable, two (2) points for under concern 

and “Rejectable” gives zero (0) points. If the BLR test data are missing, in 

principle the component package qualification cannot be finalized unless the 

package has already been previously approved or if there are data available for 

the “Operating environment for component package” (RB2) qualification.  

Maximum points from this sub-area, “Board level reliability” information 

input, are nine (9) points but alternatively if previously tested component package 

data is used, then the maximum points are six (6).  

4.7 Operating environment for component package data input  

Table 17 defines the parameters which are required for the “Operating 

environment for component package” input that is to be used as an alternative 

reliability qualification if BLR data is not available. This is a partly qualitative 

and partly quantitative sub-area requiring AD input. This area has not direct 

impact on the other sub-areas. 

Table 17. Operating environment data input for component package. 

RB2 Data BD/AD Description: Operating 

environment data input for 

component package 

Data input Case: 

PBGA 644 

WeCo 

cumulative 

value: 0–7 

1 AD Product type in which 

component is used 

Telecom, Commercial, 

Automotive product 

NA  

2 AD Product life time impact (field 

fatigue/ stress) 

High/medium/low 

Leadless (high) = 1 / 

BGA (medium) = 2 / 

Leaded (low) = 3 / 

Not known = 0 

NA 0–3 

3 AD Type of component package 

(Commercial / industrial) 

Commercial =1,  

Industrial = 2,  

Not known = 0 

NA 0–2 

4 AD Operational use environment 

conditions (office, cabinet 

indoor / outdoor) 

Office = 2, 

cabinet indoor = 1 

cabinet outdoor = 0, 

Not known = 0 

NA 0–2 
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This sub-area of the BLR test results is filled only if there are no BLR test data 

available for the QT value calculation being thus an alternative sub-area 

parameter. With this sub-area it is possible to define the end-product’s effect on 

the required reliability level of the component package.  

There is one parameter in this sub-area that requires qualitative data input. 

The 1st parameter is qualitative because it is used only for the selection of the end 

product type. It is a guiding parameter, but it does not have a direct impact on the 

qualification result.  

The three parameters (2, 3, 4) represent the quantitative data and have 

associated WeCo values defined for them. As these parameters are to be used as 

substitutes for the reliability qualification they have almost the same amount of 

points to contribute to the total result. 

The 2nd parameter contains the “Product life time impact (field fatigue/ stress)” 

high/medium/low data input. This is a similar parameter to the component 

package solder joint form impact on BLR test stress levels in the general 

properties. However, the QT user needs to think of how the component package 

solder joints experience stresses in the field. This parameter requires an 

understanding of the component’s stress risk level, as defined in Fig. 19. This is 

mainly required if the qualification cannot be completed with the primary 

information from the manufacturer. In principle the same rules as in the case of 

the BLR test stress level parameter, because the BLR test is an accelerated test for 

the component package field use lifetime. QT user should consider creating a 

“Response Surface Graph” as with it the effect of different stress levels on the 

expected lifetime of component interconnection can be visualized. This enables 

identification whether a component package is suitable for the product in the 

actual operating environment (Sarkka 2008).  

However, for this option the user needs to use similar component package 

reliability qualification data. The WeCo value is at maximum three (3) points 

because, depending on the future field stress, the component package may 

experience either mild or harsh environmental cycles.  

 The 3rd parameter contains “Type of component package (Commercial / 

industrial)”. In practice this means that, based on the component package type, 

the QT user can classify the component depending on the final product use 

environment. Commercial / consumer products are usually low cost products and 

do not require such highly reliable and expensive components as industrial CPs 

for infrastructure products. Also the reliability test requirements are not as 

demanding for commercial products as they are for industrial products (Philips 
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2005). The WeCo value is at maximum two (2) points, as there are different 

requirements for commercial and industrial components.  

The 4th parameter contains the “Operational use environment conditions” and 

the points given depend on whether the product containing the component 

package will be operational as an office, cabinet indoor (air-conditioning) or 

outdoor application. The use location has a significant impact on the daily thermal 

cycle, as shown in Fig. 23. Daily temperature fluctuations in outdoor applications 

causes fatigue in the component package solder joints, thus causing the product to 

fail earlier than similar products in a controlled office environment. The WeCo 

value is at maximum two (2) points, because there are differences in the stability 

of the environment and location where the products are located.  

Maximum points from this sub-area, “Operating environment for component 

package”, (RB2), are seven (7) points. If the result of both this sub-area and the 

(BLR) sub-area is zero (0), the component package reliability is not qualified as 

this is the alternative value to the BLR result.  

4.8 Manufacturability data input 

Table 18 defines the parameters which are required for the “Manufacturability” 

data input. This is a quantitative sub-area requiring BD input as all the parameters 

have numerical values. This area has no impact on other sub-areas but other sub-

areas have an impact on it. Other sub-areas that have impact on the 

“Manufacturability” qualification data input are the “Component package, PWB 

materials” and the “Package-specific environmental and other” data input sub-

areas.  

Table 18. Manufacturability qualification data input. 

RM Data BD/AD Description: Manufacturability 

qualification 

Data input Case: 

PBGA 644

WeCo 

cumulative 

value: 0–4 

1 BD Assembly capability in std SMD 

line, CP size (> 40 mm) 

OK=1, Not OK = 0 

> 40 mm = 0 

1 0–1 

2 BD Reflow soldering profile capability 

(J-STD-020) 

OK=1, Not OK = 0 1 0–1 

3 BD Rework capability OK=1, Not OK = 0 1 0–1 

4 BD Visual / AOI / x-ray Inspection 

capability 

OK=1, Not OK = 0 1 0–1 
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There are four parameters in the “Manufacturability” qualification data input sub-

area that require quantitative data input and that have associated WeCo values. 

Only quantitative values are input because of the importance of assembly, solder, 

rework and inspection of the component package on the PWB. Good quality 

assembly and good quality of the solder joints ensure that there are reliable 

connections between solder joints and PWB. If it is found that the selected 

component packages and PWBs exceed the manufacturer’s present process 

capabilities then there is still time to build up competences to the production line, 

e.g. by introducing new placement machinery, reflow ovens etc. 

Manufacturability input requires information from the QT user’s knowledge of 

the manufacturing process. Within this sub-area, information is requested 

regarding component package assembly capability, reflow soldering compliance 

against the J-STD-020D.1 standardized soldering profile, J-STD-033B.1, MSL 

class of component package, rework ability and inspection capability. (J-STD-

020D.01 2008, J-STD-033B.1 2007) 

The 1st parameter contains “Assembly capability in standard SMD line” 

taking into account whether the component package can be assembled in a 

standard manufacturing line or requires specific arrangements for the component 

placement. The component package size is another factor that challenges the 

assembly capability. If the package size exceeds 40 mm and the I/O count exceeds 

over 1000 I/O’s with 1.0 mm pitch or less, the CP will score less from the 

assembly capability parameter because that size of component package might 

require the introduction of new SMT placement machines. The size also limits the 

equipment capable of placing the component on the PWB during rework of the 

PWBA. 

The 2nd parameter contains the “Reflow soldering profile capability” of the 

component package. If the component cannot be soldered in the normal Pb-free 

soldering process according to JEDEC J-STD-020D then this needs to be notified 

in the qualification phase. (J-STD-020D.01 2008) 

The 3rd parameter to be entered is the “Rework capability” of the package and 

refers to the case where the component package cannot be repaired in the normal 

repair process and requires either new tools or rework stations. (J-STD-020D.01 

2008) 

The 4th parameter is the “Visual / AOI / X-ray inspections capability”. If the 

component package can be inspected properly and reliably with normal inspection 

equipment in the line, e.g. visual / AOI equipment, it gives an acceptable result. 
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However, if inspection cannot be done and there is a need to use X-ray inspection 

as an additional inspection process then there are no points allocated.  

The WeCo values for the 1st, 2nd, 3rd and 4th parameters are at maximum one 

(1) point because if there is no capability to assemble, reflow, rework or inspect 

the component package then the PWBAs cannot be manufactured. If there are 

manufacturability competences then the minimum points are zero (0) for each 

parameter. Thus the maximum points from this sub-area, “Manufacturability”, 

(RMF) qualification, are four (4) points and minimum zero (0) points.  

4.9 Package-specific environmental and other data input 

Table 19 defines the parameters which are required for the “Package-specific 

environmental and other” data input. This is a partly qualitative and partly 

quantitative sub-area requiring both BD and AD input. This area has an impact on 

various other sub-areas from “Component package data” and “PWB materials 

data” input to “Manufacturability” and “Board level reliability”.  

Table 19. Package specific environmental and other data input  

REO 

Data 

BD/AD Description: Package 

specific environmental and 

other data input 

Data input Case. PBGA  

644 

WeCo 

cumulative 

value: 0–4 

1 BD Pb-free compliance:  

Pb-free / SnPb process 

Pb-free process = 1,  

SnPb process = 0 

1 0–1 

2 BD RoHS compliant package OK = 1, Not OK = 0 1 0–1 

3 AD Halogen-free compliance OK = 1, Not OK = 0 1 0–1 

4 AD REACH compliant Package OK = 1, Not OK = 0 0 0–1 

5 BD Other information, e.g. 

ESD, warpage, other 

concerns etc. 

 Warpage 

measurements 

NA 

 

6 BD Not enough data, 

REQUALIFICATION 

needed 

Ok = 0,  

Requalification = 1 

0 0 / −20 

The four parameters (1, 2, 3, 4) represent the quantitative data of a component 

package and have associated WeCo values defined for them. 

The 1st – 4th parameters qualify the component package’s environmental 

legislation compliance. From the environmental management point of view the 

main requirement currently is that products use a Pb-free manufacturing process, 
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the 1st parameter, and that the components are RoHS compliant, the 2nd parameter 

(RoHS 2002, RoHS 2011). These are classified as BD. Fulfilling the requirement 

of a Pb-free manufacturing process and the RoHS directive gives to the 1st and 2nd 

parameter the WeCo value of one (1) point. However one must keep in mind that 

there is the possibility that some products are military or space applications where 

the use of lead is still allowed (RoHS 2002, RoHS 2011). In these cases the 

minimum WeCo value is zero (0) points.  

The 3rd and 4th parameters need AD input. A halogen-free solution refers to 

electrical or electronic assemblies and components in which the total halogen 

level in any of the raw materials and the end product is less than or equal to  

0.09% by homogeneous material weight. (NSL 2011) Recently, the REACH 

regulation has been defined that restricts substances and also has an impact on the 

material and substance phase-outs of the component package (REACH 2007). 

Many countries globally have adopted “copy-cat” versions of the EU RoHS 

because all EEE part manufacturers already need to be compliant to EU RoHS. 

There are also other legislations with different demands for the package. These 

material changes are one source of, for example, lead-frame or moulding material 

change initiators. The phase-out of environmentally hazardous materials and 

substances is a key competence in the currently changing world. In practice, 

environmentally compliant components mean that component packages are in 

compliance with the various environmental material legislations.  

The WeCo value is at maximum one (1) point for both the 3rd and 4th 

parameters for component packages that are RoHS and REACH material 

legislation compliant and from which the halogen substances are phased-out. In 

these cases the minimum is zero (0) points. 

The 5th parameter requires qualitative data input. It is qualitative because the 

data input do not have numerical values. However this data input should be 

recorded into the QT history database for future use. The 5th parameter is an open 

field to record other information like component packages ESD risk estimation, 

warpage of the CP etc. For example, the passage of a static charge through an 

ESD sensitive device can result in catastrophic failure or premature degradation 

of the device. For this reason, ESD precautionary measures must be employed 

whenever handling, processing or testing ESD sensitive components. The specific 

ESD sensitivity of each device has been determined by utilizing industry standard 

test methods, as detailed in JEDEC’s JESD22-A114 (HBM) and JESD22-C101 

(CDM) and is included in the product’s data sheet. (Agere 2006) 
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The 6th parameter is defined as the re-qualification parameter. This parameter 

can be used to force a component package to be returned back to re-qualification. 

If there is a risk that a component package is about to be qualified which does not 

fulfill the qualification criteria, it can be rejected with this parameter. When this 

parameter is used, its WeCo value gives a negative value of twenty (-20) points, 

thus the component will not be qualified. When the qualification result is stored 

into the history database, the component package is rejected and either a re-

qualification is required or another component must be selected to replace it.  

Maximum points from this sub-area, “Package-specific environmental and 

other”, (REO), are four (4) points and the minimum is minus twenty (−20) points if 

the component package is targeted for re-qualification.  

4.10 Summary of QT sub-area data input 

Table 20 shows the cumulative QT max points result of the QT feasibility 

qualification. The result is based on the maximum points that the optimum 

component package can have from all sub-area parameters with WeCo factor 

multipliers. Additionally the cumulative QT results were calculated for the 

infrastructure and fictitious consumer product PBGA 644 component. The 

comparison of how the infrastructure and consumer product gain points in the 

qualification is visible in Table 20. 

Table 20. Optimum component package QT qualification result. 

No. Qualification sub-areas QT 

Max 

points 

Case : 

Infra product 

PBGA 644 

Case : 

Consumer 

product  

PBGA 644 

1 PCN/ NPI information  0 0 

2 Component package general properties input (RCD1) 6 5 6 

3 Component package material data input (RCD2) 8 / 6 3 3 

4 PWB material data input (RPD) 3 2 3 

5 Manufacturer / supplier data qualification (RMS) 3 2 3 

6 a) Board Level Reliability (BLR) data input (RB1) 

b) Previously qualified component package used (RB1) 

a) 9 

b) 6 

9 3 

7 Operating environment data input for component package (RB2) (7) 0 0 

8 Manufacturability data input (RMS) 4 4 3 

9 Package-specific environmental and other data input (REO) 4 3 2 

 APPROVAL LIMITS  34/37 28 / PASS 23 / FAIL 

 REJECTION LIMIT ≤ 25  REJECTED 
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The PBGA 644 has been assessed for use in the infrastructure product. Thus for 

the “Approved” qualification, it needs to qualify with a high score, especially on 

the “BLR” and “Manufacturability” sub-areas as they are typically critical sub-

areas for infrastructure products qualification.  

As seen from the results above, the PBGA 644 does not achieve high score in 

the “Component package material data” input area. The qualification result from 

Table 13 shows that this package does not have the highest class of MSL, copper 

lead frame and warpage measurements have not been provided. These parameters 

account for the difference between this PBGA 644 result and the maximum result. 

However, when the Table 16 BLR data input is reviewed, it can be seen that this 

CP scores maximum points. As this CP has a score from other sub-areas near to a 

maximum value, then it is approved for use in the infrastructure product.  

As seen from the Table 20 results, when the QT has been set for the 

infrastructure product CP qualification, the fictitious consumer product’s CP 

qualification does not qualify as well as the infrastructure product. When the 

fictitious consumer product’s CP is assessed the impact of “BLR data” and 

“Package-specific environmental and other data” input might not have such an 

important effect on the qualification. The “BLR data” sub-area typically requires 

additional BLR level testing because the JESD69B qualification package does not 

provide those test results. Thus BLR data might not be available for consumer 

product’s CP users. In order to have better qualification results for the “Package-

specific environmental and other data” requirements, more expensive materials 

are typically required. However, higher price may slow down the implementation 

of new materials to the consumer products. Unfortunate issue in the rising CP 

costs is that the counterfeit products manufacturers tend to use previous 

generation, so-called “obsolescent” CP’s which still function properly but do not 

fulfil the newest legislative requirements and can be hazardous to the 

environment and humans. 

 In the “Manufacturability data” input the Consumer CP might not get as high 

a value because the product is low-priced and hence the need for rework is lower 

than in infrastructure products. Therefore there is not such a high demand for the 

rework capabilities to be as good as in the case of the infrastructure products.  

When these two component packages, infrastructure and consumer product, 

feasibility qualification results are compared side by side, it can be seen that the 

consumer product will not reach “Approved” level if the QT is set for the 

infrastructure product CP feasibility qualification. This means that the sub-area 

parameters with WeCo values need to be set separately in every use case.  
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5 Functionality of the QT 

This experimental chapter reviews the functionality of the QT in the feasibility 

qualification. Following the creation of the QT sub-areas and parameters, 44 

commercial component packages were used to calibrate the QT for infrastructure 

products. Typically qualification is done against the manufacturer’s supplied 

information and/or internally tested component packages (Salmela 2005, 

Paulasto-Kröckel & Hauck 2001). Component packages feasibility qualification 

process with the QT follows these principles. Chapter 4 reviewed the qualification 

sub-area input parameters as primary requirements for component package 

qualification. From the feasibility qualification point of view it is important that 

none of the sub-areas is more dominant than the others. In the following chapters 

this will be demonstrated. By ensuring this the qualification results are 

uncorrelated as the QT is performed in a similar way for every component 

package. There is always a possibility for the users to manipulate the results. To 

prevent this, QT users need to agree on common rules.  

In Chapter 3.5.7 a question was raised whether component packages would 

become “Approved” even though they would not reach the reference TCT limit of 

1000 cycles. The probability whether this will happen is proved in this chapter. 

Fig. 22 shows that some component package technologies do not reach the 

reference TCT limit of 1000 cycles (IPC-9701) i.e. they are not suitable for 

infrastructure products. However, these component package technologies may 

fulfill the criteria for other uses such as in commercial product applications. The 

medium and low stress component packages (BGA, Gull-wing-leaded QFP, SO) 

in general pass the IPC-9701 NTC TC-3 reference test limit of 1000 cycles but 

these packages may become critical component package if a ceramic material / 

structure is used. (IPC-9701 2002, Wu et al. 2002) It is quite obvious that for the 

infrastructure products the BLR qualification is an important sub-area, but results 

from the feasibility qualification of 44 component packages show that good BLR 

qualification result is not enough for component package approval. 
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5.1 Case study of component package reliability qualification with 
CalcePWA 

As a comparison to the QT functionality, a reliability qualification modelling tool, 

CalcePWA, was tested. This modelling tool test with one CP was already done on 

2005, but it shows what kind of output user receives after modelling in 

comparison to the result from QT feasibility qualification.  

When the CalcePWA tool is used, there is a need to input all data from the CP 

and the PWB. The PWB, PWB layout data, assembly data, and Bill of Material 

(BOM) data are required together with the PWB structure and materials (layer 

thicknesses, dimensions, thickness, etc.). From the component package, specific 

data of materials used in the component structure, die size, termination/solder 

land size, number of terminations, materials, etc. are required. From the process 

point of view, data on the solder paste consumable is required.  

In the case study the PBGA 456 reliability testing was modelled. All CP, 

PWB and process data were input before the accelerated test modelling was 

started. After the reliability modelling tests were run in CalcePWA, it gave a 

result of CP failure after 1962 cycles on the IPC-9701 NTC-C TC3 

−40 °C …+125 °C temperature cycle. 

This trial showed that the CalcePWA is rather complex software (many 

manual steps on data import), but the overall results from its failure analysis were 

quite realistic. The trial showed that CalcePWA can be used to make an estimation 

of the lifetime expectancy of certain CP in the PWBA. However, this result shows 

only that the component package under reliability qualification fulfils the board 

level reliability requirements, but it does not give any other information on the 

component package’s feasibility. 

5.2 QT functionality case study results  

44 component packages were used for setting up the QT “Approved”, “Approved 

with Concern”, “Reject” range and limits for the feasibility qualification of 

component packages for infrastructure products. For practical reasons 17 

component packages QT results are shown in Table 21. Once the qualification has 

been done, the overall result shows with colour codes whether the CP is approved 

or not. Colour codes are similar to those of Table 21 i.e. red for the “Rejected”, 

yellow for the “Approved with Concern” and green for the “Approved”. As the 
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data is recorded into the history database, the colour coding remains the same, 

thus the feasibility qualification result is easy to check. 

Within the QT the “Approved” score could be set to 100 points, but in this 

thesis it was set to be from 27 points upwards as the values between all sub-areas 

are in balance with each other and in practice this means that every sub-area is 

critical from the qualification result point of view. The “Approved with Concern” 

result has been set at exact 26 points. This level is an indicator that there are 

concerns with the package and that it may need additional testing and 

requalification.  

Component packages used in the development of the QT included some 

packages with a high stress level, i.e. leadless component packages both plastic-

moulded (LPCC, QFN) and ceramic (CLLCC); some with a medium stress level, 

i.e. BGA components, and some with a low stress level, i.e. leaded component 

package (QFP, SO). For comparison, other cases were also reviewed to verify the 

sensitivity of the defined weighting coefficient values.  

As seen from Table 21, there is a rational split between those component 

packages that failed in qualification (< 26 points), component packages that were 

qualified (= 26 points), but have some concerns in their approval and those 

component package which were fully qualified (> 26 points). These findings 

follow closely the results of Salmela and Wu et al. regarding the criticality of 

certain ceramic component package technologies. (Salmela 2005, Wu et al. 2002) 
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Table 21. Component Package used for WeCo values appreciation. 

Component 

package 

Size Tech 

type 

Plating 

material 

Additional 

data 

Process 

Material 

Approval  

value 

TSOP 32 20 × 8 × 1.2 SO Sn Alloy42 LF SAC 18 

LPCC48 7 × 7 × 0.8 QFN SAC Quad SAC 19 

CBGA552 25 × 25 BGA SAC  SAC 22 

CLLCC10 9 × 5 CLLCC Au Quad type SAC 20 

BGA 400 

connector  

57 × 18 × 6.5 Connector 

BGA lead 

SAC  SAC 19 

FBGA 1704 42.5 × 42.5 × 5 BGA SnPb  SnPb 21 

QFN 6 2.1 × 2.1 × 0.75 QFN SAC  SAC 26 

CLLCC10 13 × 6.5 CLLCC Au Dual SAC 26 

CBGA360 25 × 25 BGA SnPb  SnPb 26 

PBGA644 31 × 31 × 2.5 BGA SAC  SAC 27 

LPCC58 12 × 10 × 1.1 QFN SAC  SAC 27 

CBGA69 8 × 8 BGA SAC  SAC 27 

CLLCC8 5 × 5 × 1.52 CLLCC Au Quad SAC 28 

TQFP100 14 × 14 × 1.2 QFP Sn  SAC 28 

GW 30 connector 12 × 23 × 13.3 Connector GW 

lead 

Sn  SAC 28 

FBGA 1704 42.5 × 42.5 × 5 BGA SAC  SAC 29 

TSOP66 10 × 22 × 1.2 SO Sn  SAC 30 

In the following chapters the feasibility qualification results of these 17 

component packages are reviewed with focus on some QT sub-areas. There are 

common markings in all figures regarding the approval limits. The approval limit 

of the QT result (26 points) is marked with a dashed horizontal line / (1), the BLR 

TCT approval limit (≥ 1000 cycles) with a dash dot line / (2) and the BLR 

rejection limit (< 500 cycles) with a round dot / (3). 

5.2.1 Component package BLR impact on the QT results 

In Fig. 25 the QT qualification results of various component packages are 

compared against BLR TCT results. As seen from the figure, there are component 

packages that do not reach the limit of 1000 cycles in the BLR TC tests, and in 

general those packages do not reach the QT acceptance level. Those component 

packages that reach the BLR TCT limit have in most cases been approved. Thus 

this means that those component packages materials are up-to-date; the CTE 

mismatches are not too high and manufacturability competences are at a good 
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level. Even the ceramic leadless component package CLLCC8 has been accepted. 

The probable reason is that the size of this component package (5 × 5 × 1.52) is 

so small that the CTE mismatch does not affect the BLR TCT result. This 

package also scores well in other sub-areas as it has been approved with 28 points.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 25. Component package QT qualification result vs. BLR test data. 

Component packages that reach the BLR limit of 1000 cycles (IPC-9701), e.g. 

CBGA360 SnPb, may normally be considered to be valid for use in infrastructure 

products. (IPC-9701 2002) However, in this case CBGA360 SnPb does not meet 

the “Package-specific environmental and other data” qualification, thus it cannot 

be used in infrastructure products because the RoHS directive restricts its use in 

EU. The EU RoHS requirement of the Pb-free process is one of those boundary 

conditions that the user needs to know about when qualifying a component 

package. However, this CP can still be used in some other countries which do not 

have RoHS directive material restrictions. On 6th July 2006 Palm withdrew its 

new Palm Treo phone from the EU market area because it was not RoHS 

compliant. Palm had developed the product, but it was not compliant for the EU 
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RoHS directive. Therefore they had to withdraw product and redesign it. This 

shows the importance of the observance of material legislations. (Computerworld 

2006)  

Another example is the TSOP 32 component package result with an Alloy-42 

lead frame. When all the data has been input into the QT, the lead frame material 

in “Component package material data” sub-area and the BLR result reduce the 

QT total value, and thus the component is not approved.  

The examples shown above demonstrate that if BLR is the only sub-area used 

for qualification, component packages which are not compliant to Pb-free 

manufacturing may still be mistakenly selected for new products. The non-

compliant component package needs to be identified during qualification and the 

approval decision must be based on all findings. Using QT, all relevant 

qualification information is gathered into one tool and stored into a history 

database. With this stored data the compliance can be validated whenever it is 

required. 

Those component packages that just reach the minimum acceptable level, e.g. 

QFN 6 with 26 points, may have problematic materials/structures and this gives 

an indication that additional tests need be done or additional information 

requested before the package can be accepted into use. The packages that have 

been qualified closely follow the characteristic lifetime expectancy values defined 

in Table 10. There are of course statistical differences as component packages are 

re-developed to achieve and exceed the nominal BLR TCT limits, thus enabling 

the package to be approved.  

5.2.2 Component package solder joint form impact on the QT results 

Fig. 26 shows the impact of the component package solder joint on the BLR TCT 

and QT results. It can be seen that the lead geometry has no direct impact on the 

QT result. However, the highest scores (TQFP100 SAC, Gull-wing connector, 

FBGA 1704 SAC, TSOP66 SAC) have been gained on low and medium stress 

level component packages because with these component packages the materials 

and structure are already industry standards. Similarly, there is no direct linkage 

to the 1000 cycles BLR limit. Among those components that have a poor BLR 

TCT result, there is only one component package, TSOP32, with low stress level 

gull-wing type leads. The BLR TCT result is so low for this package that in 

consequence, and also due to its Alloy-42 lead frame, it fails the qualification. 

When FBGA 1740 SnPb QT results are reviewed it can be seen that the solder 
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joint form (2) does have impact on the BLR result, but SnPb solder ball material 

causes more impact on the poor performance in qualification.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 26. Component package solder joint form impact on the QT result. 

For comparison purposes Dittes has performed temperature cycling tests with 

−40 °C … + 125 °C 1 hour cycles for the TQFP 100 package with a Cu and 

Alloy-42 lead frame, and also for VQFN 48 component packages. The TQFP 100 

with an Alloy-42 lead frame and gull-wing leads passes over 1500 cycles while 

the TQFP 100 with a Cu lead frame passes over 4000 cycles. In comparison to the 

gull-wing leaded component packages, the leadless VQFN 48 (7 × 7 mm) passes 

only over 2000 cycles. (Dittes 2003) Thus the component package lead geometry 

has a clear effect on the BLR qualification of the component package.  

In practise this means that in order for geometry to have a higher impact, the 

WeCo values need to be redefined to differentiate between critical and non-

critical lead geometry types. This approach of using the CP interconnections 

experienced stress level affecting on the component package qualification is a 
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novel idea and therefore its impact could be studied in further development of the 

QT. 

5.2.3 Component package data impact on QT results  

In Fig. 27, total component package data (includes CP general properties and CP 

material input) qualification results are compared against BLR TCT and QT 

approval results. Those component packages which score 10 points in the 

“Component package” data input sub-areas (both general and material sub-areas) 

have good scores in common, for example on the tin whisker risk management, 

component package lead geometry impact, MSL class, etc.  

Fig. 27. Component package data impact on QT result. 

However, when the “Component package data” results for the first six CP’s are 

calculated, the QT shows that these component packages are “Rejected”. Within 
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this group of component packages there is only CBGA552 that scores well (10 

points), but it has a poor BLR result which causes its rejection. 

CBGA360 SnPb scores well in “Component package” qualification but it 

scores poorly with the other parameters from the “Manufacturability” and 

“Package-specific environmental and other data” input sub-areas. Thus it is only 

“Approved with concern”, i.e. the compliance should be reviewed before final 

selection. 

5.2.4 BLR qualification value’s impact on the QT results 

In Table 10 it was stated that there are expected failure rates for leaded (QFP), 

solder ball (BGA) and leadless (CLLCC, QFN) component packages. Fig. 28 

shows now that when the specific parameter “BLR TCT” qualification has been 

plotted in the chart in the range of (0–5 points), its impact is clear. In principle, 

those CPs which have scored over/equal to 1000 cycles have been 

“Approved/Approved with concern”. Those that have failed to reach the 1000 

cycle limit have been “Rejected”.  

There are still component packages which have good result from the BLR 

qualification, but their QT results are still at the “Approved with concern” limit. 

These packages (QFN6 SAC, CLLCC10 SAC and CBGA360 SnPb) are affected 

by the solder joint form, missing CP material data, and of non-compliance to 

current requirements issues with their materials. 
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Fig. 28. Comparison of BLR result vs. approval of the component package. 

These results show that even though the BLR TCT value impact is clear for the 

approval, CP needs to gain good results also on other sub-areas to be approved.  

5.2.5 Manufacturing process impact on the QT results 

As seen from Fig. 29, component packages in general with SnPb platings/process 

do not reach the QT qualification limit of 26 points. At a maximum they reach the 

lowest “Approved with concern” limit. The approval limit of the QT result (26 

points) is marked with a dashed line (1).  
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Fig. 29. Pb-free component package vs. SnPb manufactured package. 

The low scores of these SnPb component packages are primarily caused by their 

poor qualification in the “Package specific environmental and other data” sub-

area. As the component packages are using SnPb plating they do not fulfil the 

requirements set by Pb-free manufacturing and RoHS/REACH material 

legislations. These parameters have quite a determining impact on the final 

qualification result when combined with other area qualification results. 

When comparing a package incorporating the SnPb plating/process against a 

similar one with a Pb-Free plating/process it can be seen that the Pb-free 

component package qualifies better: FBGA 1704 with SnPb and Pb-free (SAC) 

solder balls as an example. The Pb-free component package qualifies with a top 

score as it benefits from the “Package specific environmental and other data” 

qualification. However, that component package also requires a good 

qualification result from e.g. the BLR TCT qualification. Another example 

reviewed is the BGA64 component package. It is not able to reach the minimum 
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level of approval even with its Pb-free construction because the BLR TCT result 

(720 cycles) is not at an acceptable level and this package also loses points on the 

MSL level and missing warpage data. One might consider why it is advisable to 

test non-RoHS compliant component packages in the QT, but there are still some 

applications e.g. military applications, where SnPb based CP technology and 

processes are allowed. 

Ye et al. and Rodgers et al. have also researched the board level reliability 

comparison of SnPb and Pb-free PBGA packages. In their study they have come 

to a similar conclusion, that the Pb-free PBGA package with Pb-free (SnAgCu) 

solder balls is more reliable than PBGA with SnPb solder balls. (Ye et al. 2007, 

Rodgers et al. 2004) 

5.2.6 Package specific environmental and other data impact on the 
QT results 

Fig. 30 shows the “Package specific environmental and other data” sub-area result 

in comparison to the QT approval result. The “Approved with concern” limit of 

the QT result (26 points) is marked with a dashed line (1). 

The results that are gained from the “Package specific environmental and 

other data” qualification show that even though a CP gets good result in this sub-

area, a poor qualification in some other area leads to a rejection. An example is 

the LPCC48 SAC, which has scored three points, but the poor BLR qualification 

result of 330 cycles (Fig. 27) prevents it from reaching the minimum approved 

level of 26 points. The FBGA 1704 SnPb component package does not score 

points from this sub-area as its solder balls contain Pb and so it is not compliant 

with RoHS or REACH legislations. Also the use of a Pb-free manufacturing 

process is not possible and the package is not halogen-free. This leads to an 

FBGA 1704 SnPb result of 0 points from this sub-area. When this score is 

combined with the poor BLR TCT result it leads to rejection. Another CP, 

CBGA360 SnPb, has 0 points as a result from this sub-area, but as its BLR result 

reached 1000 cycles it gained enough points to be “Approved with concern”. 

However, the fact that this CP is not compliant to EU environmental legislations 

prevents its use in products used in EU and other countries that have taken EU 

RoHS type legislations into use. 
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Fig. 30. Component package environmental sub-area impact on QT result. 

However, in contrast, the Pb-free FBGA 1704 SAC component package achieves 

a top score in the “Package specific environmental and other data” result. When 

the good score from this sub-area is combined with a good BLR TCT result (Fig. 

28), the overall qualification result is high as the manufacturability of this 

component package is also on good level. 

5.3 Summary of the QT functionality case study results 

This experimental part has reviewed the functionality of the QT. The levels of 

“Approved”, “Approved with concern”, “Rejected” in the QT were created with a 

database of 44 component packages containing a wide range of packages from 

CLLCC to PBGA. However, these packages formed quite a homogeneous group 

because most of them had the qualification data available for the QT functionality 

testing.  
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The functionality of the qualification sub-areas input parameters was 

reviewed within the QT and data from the QT results were recorded into the QT 

history database. Based on this history database, graphs of the parameters of the 

QT sub-areas and the mutual inter-dependency of their functionalities were 

studied and compared. As this history database was created by the author, all 

qualification of the component packages in it have been performed in a similar 

way. Thus the possibility of manipulating the results did not occur. 

The graphs that were made from the history database showed that there are 

inter-dependencies within all areas. However, they are not so strongly connected 

to each other that success in one sub-area leads to immediate approval of the CP. 

As seen from Chapter 5.2.1, the BLR QT result has a strong impact on the total 

feasibility qualification. However, it should be noted that if a component package 

gets poor result in the “Package-specific environmental and other” data sub-area, 

it either does not get approved or it is on the “Approved with concern” level. 

Chapter 5.2.2 validated the component package lead geometry impact on the total 

QT result. This did not have such a high impact, so its WeCo multiplier might 

need to be re-configured. The impact on the QT result of the two sub-areas of the 

“Component package” data was not so comprehensive. However, parameters in 

these two sub-areas, “Component package general properties” and “Component 

package materials”, are data sources to qualification in other areas. Not all the 

parameters that are input into the QT are used for current CP qualification. 

However, as this additional CP and PWB data is stored into QT it may be used in 

the future for example to finite element analysis purposes. 

The impact of the BLR value (Fig. 28) on the QT shows that the first six 

component packages that are not approved have low result in the BLR total value. 

Those that are on the “Approved with concern” level (26 points) score maximum 

points in the BLR total value, but they do not score as well from other sub-area 

parameters and therefore they may need additional redesign and testing to 

improve their score. When the impact on the QT of the RoHS and Pb-free 

manufacturing compliance is reviewed it can be seen that those component 

packages having SnPb plating are not generally fulfilling the requirements set for 

Pb-free manufacturing and RoHS/REACH legislations. These parameters have a 

determining impact on the final qualification result when combined with other 

area qualification results. 

The usability of the QT for feasibility analysis has been tested and the impact 

and inter-dependency of the QT sub-areas with each other have been validated. 

Those component packages that were thought of as not passing the qualification 
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according to Table 10 did not pass due to poor reliability or non-compliant 

material choices from the “Package-specific environmental and other data” 

qualification point of view. The main principle of involving altogether eight sub-

areas in the qualification process brought out the expected result i.e. component 

packages must qualify well in all areas to be qualified into use in infrastructure 

products.  

The QT has been tested with commercial type component packages which 

have been qualified into use in infrastructure products. Obviously those CPs 

which failed testing were either rejected or redesigned to meet the requirements of 

the customers. The success of the feasibility qualification with the QT on these 

component packages shows the usefulness of this tool for any company 

requirements.  

As a final conclusion, the results show that when the distribution of 17 

examples of “Approved”, “Approved with concern”, “Rejected” component 

package was calculated, it was found that 43% of the component packages were 

“Approved”, 14% were “Approved with concern” and 43% were “Rejected”. 

These results show that qualification is required in all of the eight sub-areas, as 

even though some CPs reached the 1000 cycles in the BLR qualification they 

failed in the Package-specific environmental and other data input sub-area. Also, 

one of the packages scored well in the total “Component package data” sub-area, 

but as the “BLR qualification” score was unsatisfactory it was rejected. Another 

example was the FBGA 1704 component package with SnPb and Pb-free solder 

ball material. The SnPb component package endured for 820 cycles in TCT and 

the Pb-free version endured 1210 cycles. This example shows what the effect is if 

the CP does not score well in the “Package-specific environmental and other data” 

qualification score when the BLR TCT score is calculated into the overall 

qualification. Also while doing the feasibility qualification it needs to be 

remembered, regardless of the pressure to approve component packages into use, 

that if there is not enough data available, the component package should not be 

approved. 

  



 122

 



 123

6 Discussion 

The proposed QT has been targeted for the HW design engineers, component 

engineers and reliability or qualification specialists as a preliminary/assisting 

feasibility qualification tool. For the reliability specialists, it could even be used 

as a full-scale feasibility qualification tool. Question to be discussed of is: “Is the 

width of the user group too large for a qualification tool?” Author has approached 

this question from the fact that the internal component selection process should be 

transparent and QT usability should be rather easy to all users. Therefore QT has 

been built in such a way that it can be used by a wider user group. Otherwise the 

component package selection might ignore some critical factors thus providing an 

opportunity for a selection of high risk component package into use. Therefore it 

is important to have a tool that everyone is able to use and which makes the 

feasibility qualification process understandable for the users.  

In general, the feasibility qualification should be done in as early phase of the 

component package selection and as thoroughly as possible. In order to achieve 

these targets several new approaches were required in the feasibility qualification 

of a single component package or component package families.  

There were several novel ideas that the author created over the years during 

the development of the QT. The first was the creation of eight sub-areas and their 

main parameters with weighting coefficients (WeCo) in one tool for the 

infrastructure products component packages feasibility qualification. The main 

principle is that the component package’s feasibility needs to be qualified as a 

whole entity, not just concentrating on the specific parts of the qualification. As 

seen from Figures 1 and 14, the Jedec 69B qualification package does provide 

information only to two sub-areas of the QT. All the other information that is vital 

for the feasibility qualification need to be collected from other sources. 

If CP does not qualify with “Approved” level in these sub-areas, it may be 

implemented into a product that will endanger the product’s manufacturability, 

reliability or functionality. Thus, e.g. from a warranty cost management point of 

view, it is no more important to know whether a CP is reliable than it is to know 

whether it is possible to manufacture with the current equipment or whether it 

fulfils all the required environmental/material and other legislation requirements. 

If for example the component packages have a low MSL classification (MSL 4/5) 

they might experience delamination or warpage during manufacturing. This might 

cause infant mortality failures for the products, thus increasing the warranty costs.  
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In Chapter 2 it was found that some competitor tools concentrate on the 

reliability simulation/analytical calculation or the manufacturability qualification 

leaving out other factors of the qualification. Other tools rely more on the basis of 

validating only the reliability of the component package and assuming that 

manufacturability problems will be solved eventually when the assembly tests are 

started. However, at the present there is no open source tool that combines all of 

these sub-areas together. Competitor tools, such as the 217Plus™ tool from the 

RIAC, contains an extensive failure rate database, into which has been collected 

failure data from various component packages. This tool can only be used for 

performing reliability analysis at a given system level. It takes into account 

changes in environmental stresses and operating profile characteristics but it 

leaves other areas out of the qualification. This tool has gained a position in 

replacing the prediction methodology for MIL-HDBK-217 ”Reliability Prediction 

of Electronic Equipment,” which was abandoned by the US Government in 1995. 

The CALCE consortium in the University of Maryland has developed its own 

tool for reliability qualification simulation, CalceFast, for failure and engineering 

analysis related to component packages. Also this software has a rather extensive 

failure database. All these competitor software rely on their built-in databases, 

and there are benefits in using the built-in databases as utilization of the tools can 

be started without additional setting-up of them.  

As other reliability analysis tools have gained position as replacements for 

the prediction methodology of obsolescent military standards, a similar approach 

should also be the target for the QT. The aim, if not to replace the standards, 

should be to define the standard tests for the qualification, at least at the company 

– manufacturer/supplier level. These requirements could be shared with 

component package manufacturers to define at an early phase exactly what is 

needed for the qualification, thus to use the same methods with every supplier. 

This would bring the testing costs down. Even though the testing of a component 

package is thorough and it incurs extra costs, the component manufacturers still 

see the extensive tests as a necessity. An IC manufacturer, Altera, has stated that 

the information they gain from the series of qualification tests is required as it 

aids its end-users to match their stress and environment requirements in designs. 

It also helps in establishing guidelines for handling and classifying component 

packages. 

The second idea was to involve three different feasibility qualification 

principles into one tool. First principle is to perform a virtual qualification, second 

is to perform qualification with an internal test board and third is to identify the 
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needs for testing and start qualification/additional testing, either internally or 

externally. As the required information is not always available, the qualification 

needs to be completed either with new information or with information from a 

history database. It should be remembered that if there is not enough data, the 

qualification must be rejected. Question to be discussed of is: “Is there other 

principles that should be involved in qualification that are involved now? As there 

are eight sub-areas, there are many parameters that need to be input. However, the 

results showed that verification of the manufacturability, board level reliability 

and legal compliance are all necessary in order to have the CP approved for use. 

There was a doubt that the inter-dependencies between various sub-areas might 

have an impact on the feasibility qualification result. In this case it would be 

necessary to evaluate whether some areas become too dominant in the QT. 

However, during the set-up of the QT it was found that success in one area was 

not enough to have the component package approved. This showed that each area 

is in principle independent of each other; excluding the “PWB data” input area in 

this case.  

The third idea was to highlight the approach of using the experienced stress 

level of the end product’s interconnections to affect the component package 

qualification result. In principle there are three different type of interconnection 

geometries used in the component packages: leadless, leaded and solder ball. 

Additional to these are the connector leads, which are either pressed or soldered 

through the PWB or or surface mounted on the PWB. Of course these contain 

multiple variations of the lead form, material and plating, but the idea to include 

in the qualification tool knowledge of how these three types react on the surface 

of the PWBA is a novel idea. This has already been addressed in the IPC-SM-785, 

but it has not been utilized earlier on in the qualification tools.  

The fourth idea was to create the QT as an open source tool. This enables to 

publish the QT in a common format and a commonly used software solution. 

Thus the cost of implementing a new tool into use is low. However, there is a cost 

of setting up the tool to fulfill the requirements of the users. With the open source 

tool any of the users can take it into use, and this is not dependent on the size of 

the company or the line of business. The QT is an open source tool based on the 

Microsoft® Excel format so the threshold condition to start using the QT is low. 

In the present format QT usage is manual as the data input is done one step at a 

time. If there is a need for say, conversion of the alternative BLR qualification 

into reference BLR TCT, values must be input manually. This may bring some 

uncertainty in use but one of the benefits of using the Microsoft® Excel based 
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tool is to create automatic macros, thus enabling the automation of the tool. As 

there is no similar tool available, it will benefit a range of electronic products 

manufacturers, from small companies to large. For this thesis the QT was adjusted 

for the feasibility qualification of infrastructure products CPs, therefore testing of 

commercial products component packages might not benefit the end result of the 

QT functionality testing. As it had been said, with changes in sub-area parameters 

and WeCo factors QT can be adjusted to match the needs of other, for example, 

commercial product manufacturers CP qualification.  

The fifth idea was to create the QT to use standards, standardized methods 

and thereby fulfilling legislation requirements. In this way both the user and 

component package manufacturer benefit from the clear indication of the CP 

approval / rejection. This approach enables common testing requirements 

establishment between customer and manufacturer. This might reduce the testing 

costs because CP manufacturers know the customer’s specific testing 

requirements before a new component selection is initiated. In practice the QT 

sub-area definitions are now based on the approach of various standards of 

manufacturability checks, reliability testing, environmental material legislation 

requirements, etc. This means that, as standard approaches are used and updated 

for the data input, the feasibility qualification result is always based on the latest 

legislation/standard requirements. There is, however, a risk in updating the QT 

with the latest legislation and standard updates. If the change of the standard for 

example in reliability qualification is large, the new packages after update might 

get different results than before the updates. Thereafter the correlation of previous 

CP feasibility qualifications would require conversion table to validate their data 

to new CPs. 

As it has been said, the QT user group has been targeted to be wide. In order 

to enable the use of QT for all personnel with various knowledge bases, some 

simplifications have been made, as discussed earlier. One simplification that the 

author made in the QT was on setting the same factors c1 and c2 for both SnPb 

and Pb-free solders joint materials in the Norris-Landzberg Equation 5. These 

simplifications may pose minor risk for the exact qualification, so it is the 

company specific user’s obligation to make required modifications to the QT 

before it is put into use. However, as this is a preliminary feasibility qualification 

tool, some inaccuracy is allowed. More serious problem that may surface during 

QT usage is the data manipulation. If the required component package does not 

reach the approval limit, the user might be tempted to manipulate the data, thus 

enabling the non-compliant, unreliable, poorly assembled component package to 
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be approved. This can be avoided by protecting the Microsoft® Excel sheets once 

the company- specific sub-area parameter values and WeCo multipliers have been 

set. Mandatory company-wide common guidelines also restrain the misuse of the 

tool.  

The setting up of the QT needs the participation of the company’s internal 

reliability specialists or external experts. This could introduce possibilities for the 

QT developers to start company for setting up the QT for the customers. Thus the 

introduction of implementation set-up would then act as a driving factor for QT’s 

further development. QT set-up is started from the “tabula rasa” approach 

because every company has its own way of qualifying component packages. This 

approach makes it possible to set up the QT to do the feasibility qualification of 

the component packages in the most suitable manner. In the QT, history data is 

recorded in its own blank database as the QT does not have an in-built component 

package database of material / failure data. The data of the PWB and the qualified 

component packages materials, the reliability test results, the package-specific 

environmental data, the manufacturer and the manufacturability data are recorded 

after all the data is input to the QT. This brings challenges and additional work 

costs during the implementation of the QT. However, as the QT is an open 

software tool, the tool itself does not cause additional costs to the users.  

From the product design point of view, HW design engineers can pre-qualify 

CPs with QT at the outset of a new design thus avoiding expensive redesign 

iteration rounds. In this way the risk of selecting a CP with properties below the 

required levels of reliability, assembly capability etc., could be avoided. Thus the 

QT could be used as a design trade-off tool to show immediately to HW design 

engineers and CP manufacturer the feasibility consequences of their choices. In 

this use, QT could be used to estimate design risks before the actual products are 

manufactured. As QT result is a clear indicator whether CP is “Approved”, 

“Approved with concern” or “Rejected”, the component engineers can utilize this 

result to communicate any needs for the CP redesign, manufacturability 

improvements or material changes due to environmental legislation restrictions. 

For the internal manufacturing or contract manufacturers, the QT could be used as 

a tool to inform of new production line requirements at an early stage. 

Consequently the manufacturability challenges would not be encountered in the 

starting phase of product manufacturing. Reliability / qualification specialists 

could use the QT to assist feasibility qualification or, if it is developed to meet all 

the requirements of the company, it could be used as a full-scale CP feasibility 

qualification tool. This early approach may highlight the inadequacy of some 
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feasibility qualification data. However, as more information is received and 

collected, the earlier qualified component package can be re-qualified to give 

assurance that the CP fulfils the internal and external requirements.  

As companies have different principles to qualify, the tool needs to be 

adaptable to various situations. Therefore the QT was trialed with three different 

qualification principles. This shows that QT can be adjusted to match the needs of 

users of various sizes and line of business. 

As a prospect for the future use of the QT, several new component 

technology types have been introduced to the market e.g. MEMS, 3D stacked die 

MCM, PoP, etc. However, most of these new technology component packages are 

based on the old technology structure. This means that, even though internal 

structures are changing, the 1st level reliability testing must qualify them, and the 

2nd level, board level, reliability testing is still required for testing of the solder 

joint reliability. In practice this means that, for example, with the MEMS 

packages a new CP technology category is not required in the QT. 

If new reliability test methods, e.g. power cycling, TCT with vibration, drop 

testing, were to be introduced then other parameters such as PWB plating would 

require more thorough focus. Response surface graphs could be introduced to 

present the component package’s reliability in the operating environments in 

cases where the use environment is not known or where components do not fulfill 

the reliability requirement. With response surface graphs the usage of the 

component package in different stress levels may also be visualized. Calculation 

of the component package lifetime in the operating environment could also be 

added into the tool to present the estimated lifetime. Another issue to consider is 

the actual calculation method being used to calculate the QT result. In this version, 

calculation is done by summing the cumulative value of all sub-areas. However, 

the question may arise, “can an unsatisfactory component package gain approval 

by this calculation method?” Therefore perhaps a geometric mean value 

calculation could be used instead of arithmetical summing. In that way the 

minimum level would need to be reached in all areas to gain approval of the 

component package. The current setup using arithmetic calculation does prevent 

the selection of unsatisfactory CP. For the future needs, the tolerance analysis 

could be used to estimate the most important parameters in the QT. After 

adjustments of the QT parameters have been done, it needs to be remembered that 

the rules and guidelines on how the QT is used need to be updated and agreed for 

the future results to be trustworthy. 
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According to the author’s best knowledge, there is no open source tool 

available that would qualify a component package in all similar type of 

qualification sub-areas. However, conclusion is that when the results are reviewed, 

the wide scale feasibility qualification is required for the infrastructure products. 

Additional to the other features, there is one fundamental difference between the 

QT and other competing tools and that is the linkage of the experienced stress of 

the component package lead geometry to the operating environment.  

As it has now been presented, the feasibility qualification result from the QT 

cannot be gained from any other competitor tool. The QT, as an open source tool, 

opens up possibilities even to a small electronics manufacturing company to 

qualify new component packages based on their requirements. There are still 

many development areas for the next evolutionary QT version and as the QT is an 

open-source tool it is beneficial to all users to participate in the development of it. 
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7 Summary 

The purpose of this thesis was to introduce a novel feasibility qualification tool 

enabling more reliable and trustworthy conclusions than achieved with the current 

ones. The tool is especially targeted to be used for new, old or redesigned 

component package feasibility qualifications in the infrastructure products. The 

most important fundamental idea in development of the QT was the qualification 

of component package’s feasibility as a whole entity, not just concentrating on the 

specific areas. This means of eight sub-areas taking into account parameters of 

component and PWB material properties, manufacturer, reliability, 

manufacturability and package specific environmental and other compliance risks. 

All the essential sub-areas are qualified together in the QT having also weighting 

coefficients (WeCo). Additionally the tool has several built-in advanced features. 

The tool links the experienced stress of the component package lead geometry to 

the operating environment, not involved earlier in the virtual qualification tools. 

Additionally it utilizes three different feasibility qualification principles, and 

standards / standard methods and legislation requirements. The QT has also open 

source approach thus available by small and medium size enterprises, providing 

also communication tool between e.g. the end user and the manufacturer/supplier. 

Furthermore the tool transfers qualification data to the history database enabling 

the future review of the feasibility qualification results. 

The QT’s sub-areas and functionality were developed, and the functionality 

and approval limits were set-up with 44 different widely used commercial CPs. 

Finally the distribution of 17 examples of “Approved”, “Approved with concern”, 

“Rejected” component package was calculated. The results showed that 

verification of the manufacturability, board level reliability and legal compliance 

are all necessary in order to have the CP approved for use. There was a doubt that 

the inter-dependencies between various sub-areas might have an impact on the 

feasibility qualification result. In this case it would be necessary to evaluate 

whether some areas become too dominant in the QT. However, during the set-up 

of the QT it was found that success in one area was not enough to have the 

component package approved. This showed that each sub-area is in principle 

independent of each other, and this kind of wide scale qualification tool with all 

eight sub-areas is required for the feasibility qualification of the infrastructure 

products’ component packages. 
  



 132

 



 133

References 

Albrecht H, Petzold G, Schwarz B & Teichmann H (1999) CSP Board Level Reliability – 
Results, Proc. Chip Scale Packaging Symposium, SMTA International, San Jose, CA.  

Agere (2006) Board Assembly Application Notes for Pb-free and Sn-Pb Plastic Ball Grid 
Array Packages (PBGA), Agere Systems 3: 1–49.  

Altera (1999) Plastic Package Reliability & Testing, Application Note 113: 1–9. 
Andersson K, Salmela O, Särkkä J & Tammenmaa M (2003) The Effect of Material and 

Dimension Related Parameters on the FIT-Figures of Interconnections in Reliability 
Calculations, Proc. of the International Symposium on Microelectronics, Boston MA. 

Andersson K, Salmela O, Perttula A, Särkkä J & Tammenmaa M (2005) Measurement of 
acceleration factor for lead-free solder (SnAg3.8Cu0.7) in thermal cycling test of 
BGA components and calibration of lead-free solder joint model for life prediction by 
finite element analyses, 6th Int. Conf. on Thermal, Mechanical and Multi-physics 
Simulation and Experiments in Micro-Electronics and Micro-System: 448–453.  

Banks D, Bunette T, Gerke R, Mammo E & Mattay S (1995) Reliability Comparison of 
Two Metallurgies for Ceramic Ball Grid Array, Proc. IEEE Transactions on 
Components, Packaging, and Manufacturing technology 18(1): 53–57. 

Boguslavsky I, Bush P, Kam-Lum E, Kwoka M, McCullen J, Spalding K, Vo N & 
Williams M (2003) Nemi Tin Whisker Test Method Standards, Proc. SMTA 
International Conference, Chicago, Illinois: 1–6. 

BNA (2011) International legal news and insight from BNA. URI: http://www.globallaw 
watch.com/tag/toxic-substances/. Cited 2011/06/21. 

Briggs E & Lasky R (2009) Best Practices Reflow Profiling For Lead-Free SMT Assembly, 
Proc. SMTA International Conference. Shanghai, China.  

Calce (2010) Product Hazard Rate versus Time for Different Stress Levels. URI: 
http://www.calce.umd.edu. Cited 2010/05/15.  

Chen C, Laye F, Mohanty R, Runsheng M, Chuan X & Teoh D (2010) iNEMI solder  paste  
 deposition project report — Optimizing solder paste printing for large and small 

components, Proc. 5th International Microsystems Packaging Assembly and Circuits 
Technology Conference (IMPACT). Taipei, China: 1–6. 

Chung KJ, Yang L, Wang BY & Wu CC (2010) The investigation of modified Norris- 
 Landzberg acceleration models for reliability assessment of Ball Grid Array packages. 

Proc 5th International Microsystems Packaging Assembly and Circuits Technology 
Conference (IMPACT). Taipei, China. 

Clech JP, Engelmaier W, Kotlowitz R & Augis JA (1989) Reliability Figures of Merit for 
Surface-Soldered Leadless Chip Carriers Compared to Leaded Packages, Proc. IEEE 
Transactions on Components, Hybrids, And Manufacturing Technology 12(4): 449–
458. 

Clech JP, Langerman FM & Augis JA (1990) Local CTE mismatch in SM leaded packages: 
a potential reliability concern. Proc 40th Electronic Components and Technology 
Conference. Las Vegas, NV: 368 – 376. 



 134

Clech JP, Manock J, Noctor D, Bader F & Augis JA (1993) A Comprehensive Surface 
Mount Reliability Model (CSMR) Covering Several Generations of Packaging and 
Assembly Technology. Proc 43rd Electronic Components and Technology Conference. 
Orlando, FL: 62–70.  

Clech JP (1997) Tools to assess the attachment reliability of modern soldered assemblies 
(BGA, CSP...). Proc Nepcon West’97: 35–45. 

Clech JP (2005) Acceleration factors and thermal cycling test efficiency for lead-Free Sn-
Ag-Cu assemblies, Proc. SMTA International Conference, Chicago, IL: 1–17. 

Computerworld (2006) Palm's Treo falls foul of European pollution law 6. July 2006. URI: 
http://www.computerworld.com.au/article/94942/palm_treo_falls_foul_european_poll
ution_law. Cited 2011/05/30. 

Darveaux R & Reichman C (2007) Mechanical properties of lead-free solders. Proc. 57th 
Electronic Components and Technology Conference ECTC ’07: 695–706. 

Dauksher W (2008) A second-level SAC Solder-Joint Fatigue-Life Prediction 
Methodology. Proc. IEEE Transactions on Device and Materials Reliability 8(1): 168 
– 173. 

Dimitrijev S (2000) Understanding Semiconductor Devices. Oxford University press: 462. 
Dittes M (2003) Infineon green product, 2nd level reliability of tin plated components, 

Infineon technologies. Milpitas, CA. 
van Driel W.D, Zhang G.Q, Ernst L.J (2005) Structural Similarity as a Method to Reduce 

Qualification Tests, Proc. IEEE 6th International Conference on Electronic Packaging 
Technology: 1–6.  

Dylis DD & Priore MG (2001) A comprehensive reliability assessment tool for electronic 
systems, Proc. Reliability and Maintainability Symposium. Philadelphia, PA: 308–313. 

Eaton DH, Durrant N, Lycoudes N, Blish R & Huber SJ (2000) Sematech: Knowledge-
Based Reliability Qualification Testing of Silicon. International SEMATECH 
Technology Transfer. Austin, TX. 

Engelmaier W (2004) PTH/PTV reliability tutorial, W-03 Reliability issues for lead-free 
solders. IPC 7th International conference on Lead-free Components and Assemblies. 
Frankfurt, Germany. 

Engelmaier W (1990) The Use Environments of Electronic Assemblies and their Impact of 
Surface Mount Solder Attachment Reliability. Proc. IEEE Transactions of 
Components, Hybrids, and Manufacturing Technology 13: 903–908. 

Engelmaier W (1993) Generic Reliability Figures of Merit Design Tools for Surface 
Mount Solder Attachments. Proc. IEEE Transactions on Components, Hybrids, and 
Manufacturing Technology 16(1): 103–112. 

Engelmaier W (1997) Solder joints in electronics: Design for Reliability. 126th TMS 
Annual Meeting & Exhibition. FL, USA. 

EPSMA (2005) Reliability, Guidelines to understanding reliability prediction. European 
Power Supply Manufacturers Association. EPSMA - Secretariat Address, 
Wellingborough, Northants. 



 135

ESA (2005) Requirements for qualification of standard electronic components for space 
application, ESCC Basic Specification No. 20100. The ESCC Secretariat, The 
Netherlands. 

 Franklin R (2004) Green Supliers. URI: http://www.rohswell.com/Suppliers.php. Big Leaf, 
LLC Fort Collins, CO. Cited 2010/05/14.  

Frisk P, Lindgren M, Isaksson B, Sneitz P & Hagelin K (2002) Novel Packages and 
Packaging Technologies for Use in Harsh Environments. Proc. IMAPS Nordic, 2002. 
Stockholm, SE. 

Garfinkel G, Hu J, Frimenko J, Harris R, Murray R & Abrahamsson J (2001) Method for 
specifying accelerated thermal cycling tests for electronic solder joint durability. US 
Patent 6260998.  

van Gils MAJ, van Driel WD, Zhang GQ, Bressers HJL, van Silfhout RBR, Fan XJ & 
Janssen JHJ (2004) Virtual Qualification of Moisture Induced Failures of Advanced 
Packages. 5th. International Conference on Thermal and Mechanical Simulation and 
Experiments in Micro-electronics and Micro-Systems. EuroSimE2004: 157–162 

Han B (2003) Calibration of Virtual Qualification Model for Leaded Packages with Pb-
free Solder CP03-04. CALCE Electronic Products and Systems Center, University of 
Maryland. MD, USA. 

HDPUG (1999) Application Specific Semiconductor Device Qualification Methodology 
03: 1–21 

Hwang JS (2001) Environment-friendly electronics: lead-free technology. Electrochemical 
publications Ltd 2001: 16. 

Intel (1999) Knowledge Based Reliability Evaluation of New Package Technologies 
Utilizing Use Conditions. Santa Clara, CA. 

IPC-A-610E-2010 (2010) Acceptability of Electronic Assemblies. Standard by IPC, 
Bannockburn, IL.  

IPC-7351A (2007) Generic Requirements for Surface Mount Design and Land Pattern 
Standard. Standard by IPC, Bannockburn, IL 

IPC-9701 (2002) Performance Test Methods and Qualification Requirements for Surface 
Mount Solder Attachments. Standard by IPC, Northbrook IL. 

IPC/JEDEC J-STD-020D.1 (2008) Moisture/Reflow Sensitivity Classification for 
Nonhermetic Solid State Surface Mount Devices. Standard by JEDEC Solid State 
Technology Association Arlington, VA / IPC, Bannockburn, IL. 

IPC/JEDEC J-STD-033B.1 (2007) Handling, Packing, Shipping and Use of 
Moisture/Reflow Sensitive Surface Mount Devices. Standard by JEDEC Solid State 
Technology Association Arlington, VA / IPC, Bannockburn, IL. 

IPC/JEDEC J-STD-709 (2008) Definition of Maximum Limits on the Low-Halogens 
Bromine & Chlorine Used in Materials for Certain Electronic Components and 
Assemblies. Standard by JEDEC Solid State Technology Association Arlington, VA / 
IPC, Bannockburn, IL. 

IPC-SM-785 (1992) Guidelines for Accelerated Reliability Testing of Surface Mount 
Solder Attachments. Standard by IPC, Lincolnwood, IL. 



 136

JESD201 (2006) Environmental Acceptance Requirements for Tin Whisker Susceptibility 
of Tin and Tin Alloy Surface Finishes. Standard by JEDEC Solid State Technology 
Association Arlington, VA. 

JESD47G.01 (2010) Stress-Test-Driven Qualification of Integrated Circuits. Standard by 
JEDEC Solid State Technology Association Arlington, VA. 

JESD69B (2007), Information Requirements for the Qualification of Silicon Devices. 
Standard by JEDEC Solid State Technology Association Arlington, VA. 

JEP 150 (2005) Stress-Test-Driven Qualification of and Failure Mechanisms Associated 
with Assembled Solid State Surface-Mount Components, May 2005. Standard by 
JEDEC Solid State Technology Association Arlington, VA. 

JESD22-A104-D (2009) Temperature Cycling. Standard by JEDEC Solid State 
Technology Association Arlington, VA. 

Lau JH, Lee CK, Premachandran CS & Aibin Y (2010) Part 1 of 3: Trends in advanced IC 
packaging. URI: http://www.electronicsadvocate.com/2010/02/16/part-1-of-3-trends-
in-advanced-ic-packaging/. Cited 2011/05/14. 

Lattice (2007) PCN Lattice # 12A-07, 90-Day Notification of Intent to Utilize an Alternate 
Qualified Assembly Site and an Alternate Qualified Material Set for Select Plastic 
Quad Flat Pack and Shrink Quad Flat Pack Devices, Lattice Semiconductor 
Corporation. Hillsboro, OR. 

Levin M & Kalal A (2003) Improving product reliability Strategies and implementation. 
John Wiley & sons 2003, West Sussex, England: xxii, 27, 100, 200, 216. 

LG (2011) Network Blu-ray Disc™ Player with wireless connectivity. URI: 
http://www.lg.com/us/tv-audio-video/video/LG-blu-ray-dvd-player-BD390.jsp. Cited 
2011/09/28. 

Mattila TT & Paulasto-Kröckel M (2010) Toward Comprehensive Reliability Testing of 
Electronic Component Boards, 11th Int. Conf. on Thermal, Mechanical and 
Multiphysics Simulation and Experiments in Micro-Electronics and Micro-Systems, 
EuroSimE 2010: 1–13. 

McCluskey P & Pecht M (1999) Rapid Reliability Assessment Using CADMP-II. MSM 99, 
Technical Proceedings of the 1999 International Conference on Modeling and 
Simulation of Microsystems, Chapter 14: Yield and Reliability: 495–497. 

Mefas (2011) Reliability Qualifications Testing Services. URI: http://www.mefas.com/ 
reliab_detail.html/. Cited 2011/01/11. 

Munroe RA (2000) Qualification and Reliability Tests: What are we doing and why? Proc. 
of 50th Electronic Components and Technology Conference 2000: 1576–1581.  

Moore G (1965) Cramming More Components onto Integrated Circuits. Electronics 38(8): 
114–117. 

Ngo BE, Law P, Martin L & Sparks A (2008) Use of JTAG Boundary-Scan for Testing 
Electronic Circuit Boards and Systems. Proc. IEEE Autotestcon 2008: 17–22. 

Ng HS, Tee YT, Goh KY, Luan J, Reinikainen T, Hussa E & Kujala A (2005) Absolute 
and Relative Fatigue Life Prediction Methodology for Virtual Qualification and 
Design Enhancement of Lead-free BGA. Proc. 55th Electronic Components and 
Technology Conference 2: 1282–1291. 



 137

Noctor D, Bader F, Viera A, Boysan P, Golwalkar S & Foehringer R (1993) Attachment 
Reliability Evaluation and Failure Analysis of Thin Small Outline Packages (TSOP’s) 
with Alloy 42 Leadframes. Proc. IEEE Transactions on Components, Hybrids and 
Manufacturing Technology 16(8): 961–971. 

Nokia-Siemens Networks (2011) Nokia Siemens Networks launches GSM evolution for 
Motorola Solutions’ Networks business customers. URI: 
http://www.nokiasiemensnetworks.com/news-events/press-room/press-releases/nokia-
siemens-networks-launches-gsm-evolution-for-motorola-solutions-networks-business-
cus. Cited 2011/09/28. 

NSL (2011) Nokia Substance List. Rahko M. URI: http://www.nokia.com/environment/ 
strategy-and-reports/substance-and-material-management. Cited 2011/01/15. 

Norris K & Landzberg A (1969) Reliability of Controlled Collapse Interconnections. IBM 
Components Division Laboratory, New York, USA. 

O’Connor PD (2005) Practical Reliability Engineering, 4th Edition Revised. John Wiley & 
Sons, West Sussex, England: 2. 

Osterman M & Stadterman T (1999) Failure Assessment Software for Circuit Card 
Assemblies. Proc. Annual Reliability and Maintainability Symposium: 269–276. 

Osterman M (2008) CALCE Failure Assessment Software Tools (CALCEFAST). Calce 
Center for Advanced Life Cycle Engineering, University of Maryland. MD, USA. 

Electronic Products and Systems Center, University of Maryland College Park, MD,USA. 
Pan N, Henshall GA, Billaut F, Dai S, Strum MJ, Lewis R, Benedetto E & Rayner J (2005) 

An Acceleration Model for Sn-Ag-Cu Solder Joint Reliability under Various Thermal 
Cycle Conditions, Proc. SMTA international 2005: 876–883.  

Paulasto-Kröckel M & Hauck T (2001) Flip Chip Die Attach Development for Multichip 
Mechatronics Power Packages. Proc. IEEE Transactions on Electronics Packaging 
Manufacturing 24(4): 300–306. 

Pecht M & Das D (2000) Editorial Electronic Part Life Cycle. Proc. IEEE Transactions on 
Components and Packaging Technologies 23(1): 190–193. 

Philips (2005) General Quality Specification for Integrated Circuits, Philips 
Semiconductors, SNW-FQ-611: 25, 51. 

Preussger CA, Lycoudes N, Blish R, Huber S & Dellin T (2004) SEMATECH: 
Understanding and Developing Knowledge-based Qualifications of Silicon Devices, 
International SEMATECH Technology Transfer #04024492A-TR. Austin, TX. 

Puligandla V & Singh P (1998) Failure modes and mechanisms in electronic packages. 
Chapman & Hall. New York, NY: 66, 73, 81, 82,136–138, 253–256, 285.  

Qi H, Vichare N, Azarian M & Pecht M (2008) Analysis of Solder Joint Failure Criteria 
and Measurement Techniques in the Qualification of Electronic Products. Proc. IEEE 
Transactions On Components And Packaging Technologies 31(2): 469–477. 

Rahn A & Diem R (2005) Consideration of verification procedures. EPP Europe 
July/August 2005: 20–23. 

Rahko M & Ronka KJ (1999) Systematic Test Board Scheme for the Manufacturability 
Testing of New Component and Packaging Technologies, Future Circuits 
International. Technology Publishing Ltd.  



 138

Rahko M, Särkkä J, Niskala P & Tammenmaa M (2005) Tin Whiskering – Risk In Lead-
Free Electronics, Electronics Production and Packaging Technology, Eltupak. Pori, 
Finland. 

Rahko M, Särkkä J, Nieminen T & Tammenmaa M (2006) Warpage of Area array 
components in lead-free reflow process. NEXT conference. Salo, Finland. 

Rahko M & Sivonen T (2008) Environmental requirements in electronics manufacturing, 
The 5th annual International New Exploratory Technologies Conference.Turku, 
Finland 

Ramesham R (2004) Extreme Temperature Thermal Cycling Tests and Results to Assess 
Reliability for Mars Rover Flight Qualification, California Institute of Technology. 
Pasadena, CA. 

REACH Regulation (EC 1907/2006) of the European Parliament and of the Council of 18th 
December 2006 concerning the Registration, Evaluation, Authorisation and 
Restriction of Chemicals (REACH). Official Journal of the European Union: L 
136/281. 

Reichelt G & Clech JP (1999) Comparison of CBGA and LCCC Failure Data and Life 
Predictions, part of a paper: Life expectancy of solder joints SMD-PCB: comparing 
test data to an improved life prediction equation. Proceedings, Nepcon West '99. 
Anaheim, CA. III: 1269–1285. 

Reliateck (2009) IC and Product Testing. URI: http://reliateck.com/new/index.php? 
option=com_content&task=view&id=20&Itemid=97. Cited 2009/08/14. 

Ren M, Zhang S, Liu X, Feng G, Xu Z & Fang J (2010) Concentrations and Profiles of 
Polychlorinated Dioxins and Furans in a Discarded Electronic Waste Open Burning 
Site. Bioinformatics and Biomedical Engineering (iCBBE) Proc. 4th International 
Conference: 1–4. 

Rodgers B, Punch J, Ryan C, Waldron F & Floyd L (2004) Experimental and numerical 
evaluation of SnAgCu and SnPb solders using a microBGA under accelerated 
temperature cycling conditions. ASME 2004 International Mechanical Engineering 
Congress and Exposition: 153–159. 

Roesch W & Brockett S (2007) Field returns, a source of natural failure mechanisms. 
Microelectronics Reliability 47: 1156–1165. 

RoHS Directive (2002/95/EC) On the restriction of the use of certain hazardous substances 
in electrical and electronic equipment, Directive 2002/95/EC of the European 
Parliament and of the Council. Official Journal of the European Union: L 37/19–
L37/23. 

RoHS Directive (2011/65/EU) of the European Parliament and of the Council of 8th June 
2011 on the Restriction Of the use of certain Hazardous Substances in Electrical and 
Electronic equipment (Recast). Official Journal of the European Union: L 174/88. 

Salmela O, Andersson K, Särkkä J & Tammenmaa M (2004) Lead-Free Solder Attachment 
Reliability Assessment - From Test Results to Reliability Estimates, NEXT 
conference. Salo, Finland. 

Salmela O (2005) Reliability Assessment of Telecommunications Equipment. HUT-EPT-
12: 7, 23, 48, 51, 54, 71, 75–83.  



 139

Salmela O (2006) Application of the Mixed-field-environments Concept in Lifetime 
Prediction of some Ceramic Components. Quality and Reliability Engineering 
International. John Wiley & Sons, Ltd. West Sussex, England 23(8): 961–971. 

Salmela O (2007) Acceleration factors for lead-free Solder materials. Proc. IEEE 
Transactions on Components and Packaging Technologies 30(4): 700–707. 

Sarkka J (2008) A novel method for hazard rate estimates of the second level 
interconnections in infrastructure electronics. Acta Univ Oul C 300: 51. 

Syed A & Kang W (2003) Board Level Assembly and Reliability Considerations for QFN 
Type Packages. Proc SMTA International. 

Settur S, Kumar A & Lakshmi Y (1998) Evolution of Component-Qualification Methods 
for Local Component-Manufacturers for Telecom Applications. Proc. IEEE 
Transactions On Reliability 47(3): 346–354.  

SFT (2008) Proposing stricter requirements for hazardous substances in consumer products. 
URI: http://www.klif.no/artikkel____42883.aspx. Cited 2011/07/01. 

Syrus T, Pecht M & Humphrey D (2001a) Part assessment guidelines and criteria for parts 
selection and management. Proc. IEEE Transactions on Electronics Packaging 
Manufacturing, 24(4). 

Syrus T, Pecht M & Uppalapati R (2001b) Manufacturer assessment procedure and criteria 
for parts selection and management. Proc. IEEE Transactions on Electronics 
Packaging Manufacturing 24(4).  

Turnbull A (2008) REACH requirements for component suppliers and equipment 
manufacturers. URI: http://www.BOMcheck.net/. Cited 2011/01/15.  

Vaccaro BT, Shook RL, Thomas E, Gilbert JJ, Horvath C, Dairo A & Libricz GJ (2004) 
Plastic Ball Grid Array Package Warpage and Impact on traditional MSL 
Classification for Pb-Free Assembly. SMTA International 2004. Rosemont, IL. 

Vandevelde B, Gonzalez M, Beyne E, Vandepitte D & Baelmans M (2004) Influence of 
Printed Circuit Board Properties on Solder Joint Fatigue Life of Assembled IC 
Packages. European Microelectronics and Packaging Symposium Prague, Czech 
Republic. 

Wilmshurst N (2003) Critical Component Identification Process – Licensee Examples, 
Scoping and Identification of Critical Components in Support of INPO AP913 
1007935. Palo Alto, CA. 

Wilson J & Guenin B (2005) Cooling Solutions in the Past Decade. URI: 
http://www.electronics-cooling.com/2005/11/cooling-solutions-in-the-past-decade. 
Cited 2010/05/15. 

Woodrow T & Starkovich V (2008) JCAA/JG-PP Lead-Free Solder Project: −20°C to 
+80°C Thermal Cycle Test, Boeing Electronics Materials and Processes Report – 600 
(EM/P-600). Seattle, WA. 

Wu JS, Shan-Pu Y, I-Hsuan P, Wang JL & Chung B (2002) Board-Level Reliability of 
Lead-free SnAgCu Solder Joint. Proc. of the 4th International Symposium on 
Electronic Materials and Packaging: 282–286. 



 140

Yang L, Bernstein JB & Koschmieder T (2009) Assessment of acceleration models used 
for BGA solder joint reliability studies. Microelectronics Reliability 49(12): 1546–
1554. 

Xia Y & Xie X (2007) A Comparative Study of Failure Mechanisms of Sn-Ag-Cu 
Assemblies under Temperature Cycling and Board Level Drop Test. International 
Symposium on High Density packaging and Microsystem Integration. Shanghai, 
China: 1–5. 

Ye Y, Liu S, Tu Y, Chen L, Zhang J & Song Z (2007) Assessment on Reliability of BGA 
Package Double-Sided Assembled High Density packaging and Microsystem 
Integration. International Symposium on High Density packaging and Microsystem 
Integration. Shanghai, China: 1–4. 

  



 141

Appendix 1 Comparison of qualification 
methodologies JEDEC Publication No. 150 

The table below shows a comparison between the tests and conditions used to 

evaluate and qualify 1st level i.e. free-standing components versus the tests and 

conditions used to evaluate and qualify 2nd level i.e. components assembled to 

PWB, or the like. 

Table 22 Typical JEDEC Stress Tests For Component & Assembly Level Testing. 

Test # Test Component level testing Board Assembly Level testing 

1a Preconditioning JESD22A113, Appropriate MSL 

Level(including moisture soak) prior to 

TC, THB, HAST, HTS 

Not Done 

1b Assembly of 

components 

on PWBs inc. 

Preconditioning 

Not Done JESD22A113 for the specific MSL 

level, with a minimum of three 

reflow cycles, dependent on the 

assembly time schedule. 

2 Unbiased HAST JESD22-A118: Conditions A (130 °C/ 

85%RH) or B (110 °C / 85%RH) 

Typically Not Done, but Optional for 

Readout Ease. PWB materials 

must be compatible with HAST test 

conditions. JESD22A110: 

Conditions A (130 °C/85%RH) or B 

(110 °C/85%RH) 

3 High Temp 

Storage 

JESD 22-A103: Typically Conditions A 

(125 °C) or B (150 °C 

Optional for Readout Ease Only If 

performed JESD22A103 Conditions 

A (125 °C) or B (150 °C) 

4a Temp Humidity 

Bias 

JESD22A101 (85 °C/ 85%RH) with 

Bias 

Typically 50 °C to 85 °C & 80% to 

85% RH with Bias 

4b Temp Humidity no 

Bias 

JESD22A101 (85 °C/ 85%RH) without 

Bias 

Typically 50 °C to 85 °C & 80% to 

85% RH without Bias 

5 HAST with Bias JESD22A110: Conditions 

A (130 °C/ 85%RH) or B (110 °C/ 

85%RH) 

Typically Not Done, but Optional for 

Readout Ease. PWB materials 

must be compatible with HAST test 

conditions. 

JESD22A110: Conditions A 

(130 °C/85%RH) or B (110 °C/ 

85%RH) 
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Test # Test Component level testing Board Assembly Level testing 

6 Temp Cycling JESD22A104: Typical Test Conditions 

B ( −55 °C to 125 °C) or (−65 °C to 

125 °C) or (−65 °C to 150 °C) 

JESD22A104: Recommended Test 

Condition J (0 °C to 100 °C) 

Application specific alternatives. 

Care should be taken if these 

alternative test 

conditions are used. Conditions 

are: G (−40 °C to 125 °C), K (0 °C 

to 125 °C) or L (−55 °C to 110 °C). 

Soak mode options: 

2, 3 or 4 

IPC SM-785, IPC-9701 

7 Power 

Temperature 

Cycling 

JESD22A105: Condition A (−40 °C to 

85 °C) or B (−40 °C to 125 °C) 

(Typically on high power devices) 

JESD22A105: Conditions 

A (−40 °C to 85 °C) or B (−40 °C to 

125 °C) (Typically on high power 

devices) 

8 Mechanical Shock 

(Drop Test) 

JESD22B104: Condition A 

(Peak acceleration 500G) 

JESD22B110: Condition A (Peak 

acceleration 500G) & JESD22-

B111 

9 Vibration, Variable 

Frequency 

JESD22B103: Condition 1 

(Peak acceleration 20G) 

JESD22B103: Condition 1 

(Peak acceleration 20G) 

10 Bending: 

Monotonic & 

Cyclic 

Not done See IPC/JEDEC 9702 

11 Solder Creep 

Rupture 

Not done Done 

12 Autoclave (SPP) JESD22A102, (121 °C) Not done 

13 Thermal Shock JESD22A106, Condition C (−40 °C to 

125 °C) (Recommended for 

characterization & not generally used 

for qualification. Use only with 

technical justification) 

Not done 

14 Low Temperature 

Storage 

JESD22A119 Not done 

Notes: 

This is a compilation of typical stress tests. It is not intended to be used as a list of required stresses. 

Stress tests selected should be based on potential failure mechanisms. Dependent on the failure 

mechanism of interest, a combination of tests, such as HALT, may be an applicable test strategy. 
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