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Solder Joint Reliability Assessment Springer Science & Business Media
Solder Joint Reliability Prediction for Multiple Environments will provide industry engineers, graduate
students and academic researchers, and reliability experts with insights and useful tools for evaluating
solder joint reliability of ceramic area array electronic packages under multiple environments. The
material presented here is not limited to ceramic area array packages only, it can also be used as a
methodology for relating numerical simulations and experimental data into an easy-to-use equation that
captures the essential information needed to predict solder joint reliability. Such a methodology is often
needed to relate complex information in a simple manner to managers and non-experts in solder joint
who work with computer server applications as well as for harsh environments such as those found in
the defense, space, and automotive industries.
Green Electronics Manufacturing ASM International
The reliability of solders and solder joints is an important factor in the
durability and design of electronic packages. This volume addresses issues of
reliability such as microstructural stability in service, creep, fatigue,
creep/fatigue interactions, and thermomechanical fatigue of bulk solders and
solder joints.
Lead-free Soldering Process Development and Reliability Solder Joint Reliability of Bga, Csp,
Flip Chip, and Fine Pitch Smt Assemblies
Covers various soldering methods and techniques as well as the latest on solder alloys, solder
films, surface preparation, fluxes and cleaning methods, heating methods, inspection techniques,
and quality control and reliability. Geared to scientists, material engineers, designers,
manufacturing engineers, and technologists who need immediate practical guidance rather than
theoretical instruction.

High Sensitivity Moiré Tms
In the past four years we have witnessed rapid development in technology and significant market penetration in many
applications for LED systems. New processes and new materials have been introduced; new standards and new testing
methods have been developed; new driver, control and sensing technologies have been integrated; and new and
unknown failure modes have also been presented. In this book, Solid State Lighting Reliability Part 2, we invited the
experts from industry and academia to present the latest developments and findings in the LED system reliability
arena. Topics in this book cover the early failures and critical steps in LED manufacturing; advances in reliability
testing and standards; quality of colour and colour stability; degradation of optical materials and the associated
chromaticity maintenance; characterization of thermal interfaces; LED solder joint testing and prediction; common
failure modes in LED drivers; root causes for lumen depreciation; corrosion sensitivity of LED packages; reliability
management for automotive LEDs, and lightning effects on LEDs. This book is a continuation of Solid State Lighting
Reliability: Components to Systems (published in 2013), which covers reliability aspects ranging from the LED to the
total luminaire or system of luminaires. Together, these two books are a full set of reference books for Solid State
Lighting reliability from the performance of the (sub-) components to the total system, regardless its complexity.

Proceedings of the Seventh Asia International Symposium on Mechatronics Springer
Science & Business Media
Reliability of Microtechnology discusses the reliability of microtechnology products from
the bottom up, beginning with devices and extending to systems. The book's focus
includes but is not limited to reliability issues of interconnects, the methodology of
reliability concepts and general failure mechanisms. Specific failure modes in solder and
conductive adhesives are discussed at great length. Coverage of accelerated testing,
component and system level reliability, and reliability design for manufacturability are
also described in detail. The book also includes exercises and detailed solutions at the
end of each chapter.
Advanced Reliability Modeling CRC Press
This book focuses on the assembly and reliability of lead-free solder joints. Both the
principles and engineering practice are addressed, with more weight placed on the
latter. This is achieved by providing in-depth studies on a number of major topics such
as solder joints in conventional and advanced packaging components, commonly used
lead-free materials, soldering processes, advanced specialty flux designs,
characterization of lead-free solder joints, reliability testing and data analyses, design for
reliability, and failure analyses for lead-free solder joints. Uniquely, the content not only
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addresses electronic manufacturing services (EMS) on the second-level interconnects,
but also packaging assembly on the first-level interconnects and the semiconductor back-
end on the 3D IC integration interconnects. Thus, the book offers an indispensable
resource for the complete food chain of electronics products.
Solid State Lighting Reliability Part 2 Newnes
A foreword is usually prepared by someone who knows the author or who knows
enough to provide additional insight on the purpose of the work. When asked to write
this foreword, I had no problem with what I wanted to say about the work or the author. I
did, however, wonder why people read a foreword. It is probably of value to know the
background of the writer of a book; it is probably also of value to know the background
of the individual who is commenting on the work. I consider myself a good friend of the
author, and when I was asked to write a few words I felt honored to provide my view of
Ray Prasad, his expertise, and the contribution that he has made to our industry. This
book is about the industry, its technology, and its struggle to learn and compete in a
global market bursting with new ideas to satisfy a voracious appetite for new and
innovative electronic products. I had the good fortune to be there at the beginning (or
almost) and have witnessed the growth and excitement in the opportunities and
challenges afforded the electronic industries' engineering and manufacturing talents. In
a few years my involve ment will span half a century.
Area Array Interconnection Handbook Springer Science & Business Media
This reference provides a complete discussion of the conversion from standard lead-tin
to lead-free solder microelectronic assemblies for low-end and high-end applications.
Written by more than 45 world-class researchers and practitioners, the book discusses
general reliability issues concerning microelectronic assemblies, as well as factors
specif
2019 IEEE 21st Electronics Packaging Technology Conference (EPTC) McGraw-Hill
Professional Publishing
A typical electronic package generally consists of a die (Integrated Circuit chip), die attach,
substrate and moulding compound. The major functions of an electronic package are: to
provide a path for the electrical current that powers the circuits on the Integrated Circuit (IC)
chip, to distribute the signals onto and off of the IC chip, to remove the heat generated by the
circuits and to support and protect the IC chip from environmental hazards. Power distribution
involves the distribution and conditioning of the electrical current necessary for the ICs to
function. Signal distribution involves creating electrical connections between various
components in a module and providing interfaces to the next level of assembly. Thermal
management is necessary to remove heat generated by the electronic components so that
they stay within an allowable temperature range. Circuit protection involves mechanical support
and protection from physical damage as well as protection from environmental hazards such
as moisture, contaminants or ionising radiation.There are many electronic packaging
technologies that have facilitated Printed Circuit Board (PCB) assembly choices that have
advanced packaging developments, e.g. solder-bumped flip-chip technology, solder Ball Grid
Array (BGA)technology and solder Chip-Scale Packaging (CSP) technology. These are
allSurface Mount Technology (SMT) assemblies. There are also many kinds of

BGAsdepending on their substrates. These are ceramic BGA (CBGA), tape-automatedbonding
BGA (TBGA), plastic BGA (PBGA), metal BGA (MBGA), and dimple BGA(DBGA), etc.For these
electronic packaging the solder joint is the only mechanical and electrical way of attaching them
to the PCB. Because of this, solder joint reliability is one of the most important issues in
electronic packaging and interconnect systems.Solder alloys are used to bond dissimilar
materials that have different thermal expansion coefficients. Once the structure is bonded
together, the components are subjected to cyclic thermal stresses due temperature changes
during operation. These stresses arise from mismatch in thermal expansion coefficients.
Because the solder is above half of its melting point at room temperature, it presents a non-
linear creep (viscoplastic) response.The actual mechanism by which a solder joint fails is due to
crack initiation and propagation through a joint. The location and nature of the cracks depend
on the joint configuration, intermetallic structure, strain, strain rate and thermal loading. Based
on extensive testing in electronics industry, the number of cycles to solder joint is usually
predicted based on the volume weighted average plastic work density in conjunction with
empirical constants as part of a life prediction model.This study concerns the determination of
design parameters with the largest impact on the solder joint life. The design parameters
consist of the amount of the solder volume, die thickness, die size, pad thickness, pad size,
mould compound, mould size and substrate thickness. Functional relationships between the
average plastic work and these design parameters are established.This is achieved by
considering three different package types provided by the companies in the electronics industry
.The material properties, methodology andboundary conditions are consistent in each package
analysis. The analysis isconducted by constructing three dimensional non-linear finite element
models of the package assemblies. The solder material is modelled as a viscoplastic solid, the
printed circuit board as orthotropic linear elastic solid and the rest of the materials as linear
elastic solids. In each calculation, thermal cycles are simulated in order to establish a stable
stress-strain hysteresis loop. These packages are subjected to a specified temperature cycle.
In the finite element analysis of each package, a non-linear global model with a relatively
coarse mesh for the substrate, printed circuit board and the solder balls provides the critical
joint for the subsequent non-linear sub modelling of the critical solder joint. The critical joint for
sub modelling is identified based on the amount of inelastic (plastic) work density at the end of
the last cycle. The sub modelling permits refinement of the mesh. The displacement boundary
conditions are determined from the solution of the global analysis through the use of cut
boundary interpolation method. The number of cycles to crack initiation and the crack growth
rate per cycle are both correlated with plastic work density. Using the crack initiation, growth
constants and characteristic crack length, the number of cycles to solder joint failure is
calculated. The empirical constants used in the life prediction model are well accepted in
industry.
Reflow Soldering Processes Springer Science & Business Media
The proposed book will offer comprehensive and versatile methodologies and recommendations on
how to determine dynamic characteristics of typical micro- and opto-electronic structural elements
(printed circuit boards, solder joints, heavy devices, etc.) and how to design a viable and reliable
structure that would be able to withstand high-level dynamic loading. Particular attention will be given
to portable devices and systems designed for operation in harsh environments (such as automotive,
aerospace, military, etc.) In-depth discussion from a mechanical engineer's viewpoint will be conducted
to the key components’ level as well as the whole device level. Both theoretical (analytical and
computer-aided) and experimental methods of analysis will be addressed. The authors will identify how
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the failure control parameters (e.g. displacement, strain and stress) of the vulnerable components may
be affected by the external vibration or shock loading, as well as by the internal parameters of the
infrastructure of the device. Guidelines for material selection, effective protection and test methods will
be developed for engineering practice.
Modeling, Analysis, Design, and Tests for Electronics Packaging beyond Moore Springer Science &
Business Media
Avoiding Inelastic Strains in Solder Joint Interconnections of IC Devices addresses analytical
(mathematical) modeling approaches aimed at understanding the underlying physics and mechanics of
the behavior and performance of solder materials and solder joint interconnections of IC devices. The
emphasis is on design for reliability, including probabilistic predictions of the solder lifetime. Describes
how to use the developed methods of analytical predictive modeling to minimize thermal stresses and
strains in solder joint of IC devices Shows how to build the preprocessing models in finite-element
analyses (FEA) by comparing the FEA and analytical data Covers how to design the most effective test
vehicles for testing solder joints Details how to design and organize, in addition to or sometimes even
instead of highly accelerated life tests (HALT), highly focused and highly cost-effective failure oriented
accelerated testing (FOAT) to understand the physic of failure of solder joint interconnections Outlines
how to convert the low cycle fatigue conditions into elastic fatigue conditions and to assess the fatigue
lifetime in such cases Illustrates ways to replace time- and labor-consuming, expensive, and possibly
misleading temperature cycling tests with simpler and physically meaningful accelerated tests This
book is aimed towards professionals in electronic and photonic packaging, electronic and optical
materials, materials engineering, and mechanical design.
Reliability Assessment of Solder Joint Interconnectis of BGA Package-megtron Series
Under Power Cycling ASM International
This handbook provides the most comprehensive, up-to-date and easy-to-apply information on
the physics, mechanics, reliability and packaging of micro- and opto-electronic materials. It
details their assemblies, structures and systems, and each chapter contains a summary of the
state-of-the-art in a particular field. The book provides practical recommendations on how to
apply current knowledge and technology to design and manufacture. It further describes how to
operate a viable, reliable and cost-effective electronic component or photonic device, and how
to make such a device into a successful commercial product.
Solder Joint Reliability of Bga, Csp, Flip Chip, and Fine Pitch Smt Assemblies John Wiley &
Sons
When it comes to the mechanical and electrical seam of the Printed Circuit Board (PCB) and
package, reliability of the board plays a major impact on PCB. As the frequency increases,
losses in signals increase. This necessitates the use of new materials for such applications.
Nelco 4000-13EPSI, Rogers 4350B, Panasonic Megtron 6 are few high-speed materials used.
Studies have shown that Megtron 6 has the least dielectric losses so far, low transmission loss,
high heat resistance and has low weight loss than the FR-4 boards. With an increasing
demand for high performance, reliability and lower costs, the field of electronic packaging has a
vast area to research on. Ball Grid Array (BGA), a type of Surface Mount Technology package
has and continues to be used due to its robust design, improved performance, reduced
package thickness and large number of pins on an efficient board area. As such, in this paper,
we study reliability of BGA package on various boards. In this work, we use Megtron 6 and
FR4 circuit boards with BGA packages. A Dynamic Mechanical Analyzer (DMA) is used to
obtain the time and temperature dependent viscoelastic properties of the boards while the
Coefficient of Thermal Expansion (CTE) and glass transition temperatures are obtained from
the Thermo-Mechanical Analyzer (TMA). The results obtained from characterization of both the

boards are used to simulate Finite Element Analysis (FEA) model. ANSYS Workbench 18 is
leveraged to study the life to failure of the package and its effect on the solder ball reliability
using both the boards under different thermal loadings. We also compare the plastic work for
these boards which play a significant role in the reliability of a package assembly.
Solder Joint Reliability Prediction for Multiple Environments Springer Science & Business Media
Solder joints serve as both mechanical and electrical connections between elements in a package.
They are subjected to shear strains generated as a result of the different behaviors of the elements in
the package (tension and compression) due to the differences in coefficients of thermal expansion
during service conditions. Some of the causes of solder joint failures are due to vibration, humidity,
thermal aging, mechanical shock, and thermo-mechanical fatigue. The most prevalent long-term
reliability issues that can cause interconnect failure are thermal aging and thermo-mechanical fatigue.
This study aims to evaluate the reliability of solder joints using finite element method, considering
solder joint failure due to thermo-mechanical fatigue. Three variations of the BGA (Ball Grid Array)
package are evaluated using the finite element analysis. The SAC305 series lead (pb) free alloy of
96.5% tin, 3% silver, and 0.5% copper is employed for this study.
Measurement of Change in CTE of PCBS Due to Single Phase Immersion Cooling and Impact of
Changed Properties of PCBS on Solder Joint Reliability of BGA Package Springer Nature
Lead-free solders are used extensively as interconnection materials in electronic assemblies and play
a critical role in the global semiconductor packaging and electronics manufacturing industry. Electronic
products such as smart phones, notebooks and high performance computers rely on lead-free solder
joints to connect IC chip components to printed circuit boards. Lead Free Solder: Mechanics and
Reliability provides in-depth design knowledge on lead-free solder elastic-plastic-creep and strain-rate
dependent deformation behavior and its application in failure assessment of solder joint reliability. It
includes coverage of advanced mechanics of materials theory and experiments, mechanical properties
of solder and solder joint specimens, constitutive models for solder deformation behavior; numerical
modeling and simulation of solder joint failure subject to thermal cycling, mechanical bending fatigue,
vibration fatigue and board-level drop impact tests.
Handbook of Lead-Free Solder Technology for Microelectronic Assemblies CRC Press
Solders have given the designer of modern consumer, commercial, and military electronic systems a
remarkable flexibility to interconnect electronic components. The properties of solder have facilitated
broad assembly choices that have fueled creative applications to advance technology. Solder is the
electrical and me chanical "glue" of electronic assemblies. This pervasive dependency on solder has
stimulated new interest in applica tions as well as a more concerted effort to better understand
materials properties. We need not look far to see solder being used to interconnect ever finer geo
metries. Assembly of micropassive discrete devices that are hardly visible to the unaided eye, of silicon
chips directly to ceramic and plastic substrates, and of very fine peripheral leaded packages constitute
a few of solder's uses. There has been a marked increase in university research related to solder. New
electronic packaging centers stimulate applications, and materials engineering and science
departments have demonstrated a new vigor to improve both the materials and our understanding of
them. Industrial research and development continues to stimulate new application, and refreshing new
packaging ideas are emerging. New handbooks have been published to help both the neophyte and
seasoned packaging engineer.
BGA Solder Joint Reliability Study Woodhead Publishing
Lead-free Electronics provides guidance on the design and use of lead-free electronics as well as
technical and legislative perspectives. All the complex challenges confronting the elec-tronics industry
are skillfully addressed: * Complying with state legislation * Implementing the transition to lead-free
electronics, including anticipating associated costs and potential supply chain issues * Understanding
intellectual property issues in lead-free alloys and their applications, including licensing and
infringement * Implementing cost effective manufacturing and testing * Reducing risks due to tin
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whiskers * Finding lead-free solutions in harsh environments such as in the automotive and
telecommunications industries * Understanding the capabilities and limitations of conductive adhesives
in lead-free interconnects * Devising solutions for lead-free, flip-chip interconnects in high-performance
integrated circuit products Each chapter is written by leading experts in the field and carefully edited to
ensure a consistent approach. Readers will find all the latest information, including the most recent data
on cyclic thermomechanical deformation properties of lead-free SnAgCu alloys and a comparison of the
properties of standard Sn-Pb versus lead-free alloys, using the energy partitioning approach. With
legislative and market pressure to eliminate the use of lead in electronics manufacturing, this timely
publication is essential reading for all engineers and professionals in the electronics industry.
Assembly and Reliability of Lead-Free Solder Joints Springer Science & Business Media
The book presents high-quality papers from the Eighth Asia International Symposium on
Mechatronics (AISM 2021). It discusses the latest technological trends and advances in
electromechanical coupling and environmental adaptability design of electronic equipment,
sensing and measurement, mechatronics in manufacturing and automations, energy
harvesting & storage, robotics, automation and control systems. It includes papers based on
original theoretical, practical and experimental simulations, development, applications,
measurements, and testing. The applications and solutions discussed in the book provide
excellent reference material for future product development.
Lead-Free Soldering McGraw-Hill Professional Publishing
The worldwide trend toward lead-free components and soldering is especially urgent in
the European Union with the implementation strict new standards in July 2006, and with
pending implementation of laws in China and California. This book provides a standard
reference guide for engineers who must meet the new regulations, including a broad
collection of techniques for lead-free soldering design and manufacture, which up to
now have been scattered in difficult-to-find scholarly sources.
Soldering Springer Nature
Oil immersion cooling in high-density data centers is emerging as an alternative for
traditional air cooling because of the less power consumption, capacity to handle high
power density and less space requirement. To adopt this technique extensively, effect of
immersion on reliability of server components in dielectric coolant needs to be
evaluated. One of the major reliability concerns in BGA package is 2nd level solder joint
failure. The primary reason of solder joint failure is CTE mismatch between the PCB and
the package. Also, difference in stiffness of the PCB and the package affects the solder
joint reliability. As properties of the PCB change after immersion of PCB in dielectric
coolant, it affects the reliability of solder joint. In this thesis, samples of PCBs
185HR/370HR are immersed in dielectric fluid EC100 for the period of 720hours. The
changes in CTE are calculated using Thermo- Mechanical Analyzer (TMA). Solder joint
reliability is studied for after and before immersion of PCB in dielectric coolant for BGA
package using FE Analysis under thermal cycling.
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