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Scope of Industry Workshop on Applied Surface Engin eering

Surface Engineering is a well established technolga@rea in scientific and industrial
landscape. The technologies encompass a set of nfigdtion processes, at surface
level, in order to provide components and materialswith new functionalities,
enhanced performance, or new and unique appearancesSurface modification
techniqgues gather a group of experimental approaclse from conventional
protective plating up to complex deposition or funtionalization procedures in fields
as diverse as automotive, aerospace, microelectranj Nuclear, biomedicine and
households. Surface engineering, the primary enalolg technology has a fair share
in semiconductor process and package development &nAsia-Pacific region
continues to play a major role in new product develpment.

This comprehensive one day workshop enables the pmipants to understand and
appreciate the advantages and limitations of variosl surface engineering
methodologies and a real world applications from pactitioner’'s perspective.

About the Presentations

Global Innovations on Industries by Advanced Plasm&cience and Technology

Masaru HORI
Plasma nanotechnology research center, Graduatelsafrengineering, Nagoya
University, Japan

Plasma processes have been providing a backbalkindustries from viewpoints of the developmeht
functional materials and the fabrication of nanalsed device. It is not the exaggeration, thereftresay
that the evolution of science and technology ofipla will lead to the expansion of industries anctbg
contribute greatly on the sustainability of humautki

In the case of development of ultra large scalegrated circuits (ULSIs), there have been many
innovations in processes by plasma technologiesekample, the first one is the development of tieac
ion etching, followed by the introduction of higlertsity plasma source to the processing and the high
aspect ratio contact etching and so on. Furtherniothe development of solar cell device with 8ighin
film, the plasma processing over the large area key technology. Recently, the liquid crystal thyp
device requested us to get the high through-painahg process over the meter scale size with aclost.
As a result, the non-equilibrium atmospheric presspiasma source has been developed. The plasma
source has enabled to develop the new applicafiptasma to the medical field.

However, such dynamics of development of plasmlarntelogies in industries have been performed by try
and error methods. In order to meet the demanddafstries with relentless development, it is comsd
to make the paradigm shift from the try and errethod to the development on the basis of scientieein
plasma processing. In my presentation, | will idtroe advanced plasma technologies for the global
innovation in many industries and stress on theoitamce of plasma manufacturing on the basis ehse
to spur technological innovations.



Unique Experiences on Surface Engineering for Nucée Applications

U. KAMACHI Mudali and BALDEV Raj
Indira Gandhi Centre for Atomic Research
Kalpakkam 603 102, India

In nuclear industry surface engineering plays aomajle in providing improved surfaces with attraet
properties for various applications. Also, nucleaactor and reprocessing plant components demand
surface modification processes and technologies tiam enhance the performance of engineering
components to meet the conditions of temperatussspre, corrosive fluids, radiation etc. in sexvidigh
temperature, liquid sodium, cyclic loading, intemadiation, mating components, etc. present irr¢aetor
system, and nitric acid of varying concentrationd gemperature, and molten chloride salts, in rardigel
reprocessing plants demand coatings and surfacéficabidn that can ensure the required life of the
components. At IGCAR, Kalpakkam, a comprehensiveDRgrogramme is pursued for developing
materials and coating technologies relevant toieggbns in fast breeder reactor (FBR) and asseditel
cycle. Hard facing of reactor components with 8t Colmonoy and Triballoy type of claddings are
practiced in order to improve their wear charasters in liquid sodium environment. Chromium nigid
coatings based on plasma and CVD processes have dexeloped for reactor components requiring
improved hardness and wear resistance. Depositiotutilayer and nanocomposite hard coatings thihoug
CVD and PVD processes are also being exploreditard applications.

In the nuclear fuel reprocessing plants, corrogiootection coatings and noble metal based catalytic
electrode coatings over titanium have been devdldmeextreme corrosive conditions of hot conceetia
nitric acid environment. A double oxide coating ttanium for reconditioning (DOCTOR) process has
been developed for corrosion protection of higmimontent titanium in nitric acid medium. Plasma
sprayed zirconia (PSZ) coatings are applied ovainlsiss steels and Ni-base alloys for applications
molten chloride environments with adequate theroyaling capability. Laser remelting of the ceramic
PSZ coating has been performed to seal the micrespand defects present in the coating. Functipnall
graded, ceramic composite and carbon based coatiregslso developed for high temperature molten
chloride applications. The presentation highlighte unique experience of surface modification
technologies developed and their applications st lfaeeder reactor programme.

A Review of new developments in IlI-V device techriogy enabled by modern
advances in material deposition techniques

PETER Kember
Kember Associates
265 Stowey Road, Yatton, Bristol, BS49 4QX, UK

In recent years there have been considerable adsvanaleposition techniques that enable a widegean
of materials to be used in semiconductor manufarueind indeed allows some materials to be depbsite
in a realistic way for the first time. The adveffittioese new materials has opened up new possbiliti
electronic device design, not least in the aredl-&f devices and circuits. Given our current crayifor all
things mobile and wireless, these new opportuniies not insignificant. An example is atomic layer
deposition (ALD) that now allows some previouslystable or complex materials to be deposited
reproducibly in an industrial environment. Othervaces in CVD techniques have yielded parallel
advances. This review will examine the way in whitdw material possibilities open up I1I-V device
design and identifies areas of growth and technologertion these developments can be expectedrtg.b



Copper Electroplating on Mg Alloys in an Eco-friendy Plating Bath

Ching An HUANG
Mechanical Engineering, Chang Gung University, Baiw

Owing to having low density and high strength/weigdtio, Mg and Mg alloys have being attractive in
light-weight engineering applications, such as sgage, electronic, and automobile engineering. Newe
Mg and Mg alloys are easily corroded in an aquaswgronment and even oxidized in air, because eif th
high chemical activity. Therefore, it is a veryfiifilt work to electroplate a protective metal dsppon Mg

or Mg alloy in an aqueous eco-friendly plating batfe have proposed an alkaline Cu electroplatirth ba
in which a pretreatment by using anodic etching wasd to activate Mg or Mg alloy surface. After
activation, a Cu deposit could be electroplatedhenMg or Mg alloy. In this paper, we used pure &gl

Mg alloys (AZ31, AZ61, AZ 91D, LZ 91) as the plagisubstrates for Cu electroplating. We found that a
well-bonded Cu deposit could be electroplated on aid Mg alloys in the proposed plating bath. The
activation behavior of Mg and Mg alloys could belerated from potential variation during galvandstat
etching. As a Mg and Mg alloy specimens were araljietched in the plating bath, four stages cdadd
characterized from their potential variation curvAs activated surface was achieved when its etchin
period was located in secondary potential plat&éwing to different phases and structures, activatio
periods of Mg and Mg alloys are dissimilar. We fdunis relatively difficult to electroplate a Cieposit

on pure Mg; while Cu electroplating on a Mg allgyesimen seem to be easy with our proposed method.
The Cu-deposited Mg and Mg alloys would be usetth@asubstrates for further protective Ni or Cr augt

It can be expected the Cu electroplating methodfigralloys could be applied in industrial applicaits.

Developments in Line Conduction On Crystalline SolaCells

Steven BURLING', Gilles ROBERT?
!Advanced Coatings Division, Metalor TechnologiejUtd, United Kingdom,
’Advanced Coatings Division, Metalor Technologies Switzerland

In this rapidly changing environment, the drive &wds sustainable energy is still growing and new
technologies are emerging. One such technology ttPMwltaic / Solar” energy continues to evolve.
Traditionally the wafers used, in this market, h&veen screen printed with a silver paste to forsilveer
conductor when fired.

The Photovoltaic industry is striving to decreassts in order to compete freely on the power geimera
market. Up to now front side metallization procaskave been contributing to cost savings by pragdi
increasing efficiencies. These progresses werdmautdy optimizing simultaneously the two functiasfs
screen-printed silver pastes: silicon surface auimg and charges collection by line conduction.
Separating the contacting function from the lin@dwction could potentially help to further incredake
cell performance by providing freedom to optimibege two functions. While new methods are being
developed to provide the contacting function, pigtis a very promising candidate to provide line
conduction at low cost of ownership (i.e. includeguipment and consumables).

This paper first presents the abilities of the gelé processes in their classical field of appilicet and the
adaptations done on existing solutions to satigfthe requirements of solar cell manufacturing King
especially at deposition speed, uniformity andakage rates). Then, performance of cells obtaisatyu
this new process are presented. Finally, this pajlefook at these new technologies, how developtae
have emerged to satisfy this need for increasediafty and the links now between the technolodies.
particular how plating can be used in this growimgrket. The use of some newly developed silver
processes which exhibit some environmental benefitalso be discussed.



Thermal Plasmas for Nanostructure Production

Anthony B. MURPHY, Eugene TAM
CSIRO Materials Science and Engineering, Australia

Thermal plasmas are used to produce nanostructnobsding metal, ceramic and composite nanopasicl
carbon nanotubes and graphene, and nanostructimsdif some cases on an industrial scale.

After a brief introduction to the physics and apations of thermal plasmas, | will consider theatages
they bring to nanostructure production. These ielthe accessibility of high temperatures, whidbved a
wide choice of solid, liquid and gaseous precursargl the potential for high species densities tued
presence of steep temperature gradients, whichthegeallow high nucleation rates. These properties
combine to make possible high-yield synthesis afoparticles and nanostructures of a wide range of
compositions. However, there are also problemscésteal with these properties; for instance thepstee
temperature gradients can lead to uneven time-tettyse histories, making uniformity of production
difficult.

The status of nanoparticle and nanostructured giladuction using different thermal plasma soursesh

as dc transferred arcs, dc plasma torches and timelyecoupled plasmas, will be discussed. Some
examples of computational modelling of nanostruietproduction, including nucleation of titanium
nanoparticles from a titanium tetrachloride plasfioamation of carbon nanotubes from an electric arc
between graphite electrodes, and formation of fumerc welding, will be presented. These exampli#ls w
serve to illuminate the different physical phenom#mt occur in nanostructure formation.

The potential for industrial implementation of tivel plasma nanostructure production will be congide
The discussion will include consideration of theattages and disadvantages of different thermahmda
sources, the benefits and drawbacks in applyingrthleplasmas to production of different nanostreesy
and the problems that have to be addressed inirggpttte goal of industrialization.

Quantitative Trace Element and Depth Profile Analygs of High-pressure Turbine
Airfoil Alloys Using High Resolution Glow-dischargeMass Spectrometric
Techniques

Patricia M. LINDLEY
Evans Analytical Group, United States

Successful application of most current high-presgurbine airfoil alloys and coatings depends om th
formation of scales for protection from the envimmnt. For instance, superalloys or thermal barrier
coatings (TBC) gain resistance from high tempegaixidation by forming a compact, continuous and
adherent oxide scale. The dramatic effect of temneunts of certain elements on scale adhesioné®s b
recognized and widely studied for many decadess Well-known for instance that the cyclic oxidatio
resistance of nickel based superalloys is stromfflyenced by the sulfur trace impurity amount atsd
diffusion characteristics. In addition, as a resdiltoating processing, many other elements attlewels
can be present in the coatings with synergetiai@nites. Consequently, the integral and accurate tra
elemental characterization of the near surface$ayith high sensitivity is of prime importance.

High resolution glow-discharge mass spectrometrpNI&) is one of the leading analytical techniques
today for survey analysis of advanced engineeriogticgs. The growing attention to GDMS in the
aerospace industry is mainly due to its abilityqteantify almost all elements and their isotopesatid
samples directly. Besides bulk element analyseslliitbe demonstrated that GDMS can be utilized very
effectively for depth dependent element distributemalyses of advanced coatings and/or multi-layere
films.



Commercializing Nano-coating Technologies

Stephen COULSON, Simon KELLARD 2, Delwyn EVANS'
'P2i Ltd., United Kingdom?P2i Ltd., Singapore

P2i is the World Leader in Liquid Repellent Nan@ating Technology and has successfully licensed a
processing technology to companies in their matar§et markets: electronics, lifestyles, life scies
energy & filtration and military & institutional. @ popular functional property is water and oiis&sce.
Our treatment achieves this by effectively lowerihg surface energy of the product to around al tiat

of PTFE. The applied polymer coating is only nanaks thick, so the treatment does not affect to& ar

feel of the product. The presentation will covee tkechnology from its origins to its developmenbia
commercial operation.

Use of Carbon Nanotubes in Novel Solar Cells

Joe SHAPTER
Flinders University, Australia

One of the most important issues facing societiigsability to supply the world’s energy requirensevia
both environmentally responsible and sustainablanmeRenewable energy, and in particular solarggner
has the potential to address current issues inggnaroduction but costs, both in terms of the eperg
required for production and final price to the aamer, as well flexibility in terms of system dephognt
are problems that will need to be addressed. Hfikswill focus on work using carbon nanotubes tckena
new architectures for solar cells. Several possiiectures will be explored and the disadvantayes

advantages of each will be examined

Highly Activated Sofc Cathode by Surface Modificatbn

A. MANIVANNAN
Department of Energy, National Energy Technolog@gdratory, United States

Solid oxide fuel cell (SOFC) is a highly efficiedévice to utilize chemical energy to generate &lgtt
operating at elevated temperatures. Cell performancetermined by the deviation of cell potenftiam
ideal Nernst potential, or overpotential, which thogsomes from electrodes and electrolyte. Espbgial
over half of the overpotential is attributable toygen exchange (reduction) processes occurringhen t
cathode surface. One method proposed to reduceetheverpotential is surface-modification of catleo

by solution infiltration (impregnation) into porouscaffold. Materials infiltrated deposit on electeo
surface after calcination and influence oxygen ctida reactivity of cathode significantly. Infiltied
cathode is expected to demonstrate improved eld@mical activity (decreased overpotential), thermo
chemical inertness, and excellent long-term themeehanical stability. At NETL, We are investigatitig
process of infiltration and developing tailored hzate systems to enhance the SOFC performance. In
particular, we identify relevant infiltration proge parameters; evaluate performance and stabflityeb
cells prepared by infiltration; and characterizerphmlogies of surface-modified cathode materialsisT
presentation will review results from infiltratiamf a composite cathode of a commercial cell andriles
infiltration methodology, overpotential for testexpecimens, and discuss factors affecting surface
morphology of infiltrated particles on a porous-pseésting scaffold.



Effect Of Applied Load On Wear Rate Of Brake Liner And Pad Materials Of
Automotives

R. K. Mandloi and Abhaywilson

Mechanical Engineering Department
M. A. National Institute of Technology, Bhopal.-48, India

The ever-increasing demand for light weight, fuéicency and comfort in automobile industries
has lead to the development of advanced mateti@ig avith optimized design. The range of materiakt
can meet these requirements presently is very Masgy efforts have been made on the possibilitysifg
more efficient brake pad/ liner materials in plafeconventional materials, however available litera
resources are still scarce. These efforts are dpnemany directions, namely; testing and charaztgon,
mathematical analysis of brake systemmparative study of brake componeapsgrt from optimization of
brake materialormulation.

The present study discusses the dry sliding welaaber of different automotive brake frictional meals
available. Every material(s) was investigated unidentical condition at constant speed and variable
applied load, sliding distance under room tempeeatising Pin-on-Disc M/C. A steel disc was machined
with roughness equivalent to the roughness of disautomotive brake disc. Pins were adhered with th
automotive brake friction material(s).

Dry sliding wear tests were performed, and weag vedis measured by weight loss technique. The sesult
have been graphically presented in an analyticahfto analyze the trends of various parameters. An
attempt has been put to be logical through jusiifim based on the data analysis using background
information available in the references.



Scope of Industry Workshop on Microelectronic Proce ss/
Package Characterization and Reliability Analysis

Information and communication technology(ICT)-basedpersonal assistant such as
smartphone and iPad have provided rapid and relial# access to ideas and
experiences from a wide range of people, communieand cultures, and allows
everyone at every level to collaborate and exchang&ormation on a wide scale. The
Si based semiconductor ecosystem development in micand nanolandscape
continues to be the key and indispensable enablend a formidable force in ICT
evolution

Analytical support has played and still plays a prdominant role in material &
process research, process development, defect fremnufacturing and reliability.
Advanced analytical tools and specialized methodajees have been providing
facility to leading edge research labs and global amufacturers to link composition ,
structure, morphology, roughness, hardness and adhence with defect reduction,
yield improvement and optimum performance enhancen®. The principle and
application of electron, photon, ion beam-based amgical tools such as XPS, AES,
SIMS, AFM, TEM/EDX/EELS, FIB/SEM ,X-ray imaging, XR D, XRF, RBS, PIXE,
FT-IR, GC-MS, AAS, ICP-OES, are briefly described with references to will be
presented with specific references to microelectran process and package industry
cluster.

This comprehensive one day workshop enables the attdees to understand and
appreciate the fundamentals of electronic materialscience, process development,
various coating technologies, equipment options, g8ng, reliability, front end/back-
end manufacturing coupled with analysis on cost, miéiet, materials availability,
yield issues, trends, drivers and roadmap of chalfging microelectronic ecosystem

About the Presentations

Microelectronic Failure Analysis and Its Impact onBusiness and Technology
Success

Yuk TSANG
Freescale Semiconductor Inc., United States

In this invited talk, the fate of the wafer onceciimes out of the laboratory/fabrication line eamiment
will be discussed with emphasis in the area ofufailanalysis for problem solving and eventual yield
enhancement. With the technology roadmap direcimhwhere we are at now, the failure analysis &tols
capability is seriously challenged by the technglgmish. The cost of a world-class failure analysis
laboratory to keep up with the technology trend W extremely high. The investments must be jiestif
by the laboratory's quantifiable impact on thefipability of the manufacturing facility as well am the
success of a technology from development to praolucExamples of problem root cause identifications
and their solutions that had solidly demonstratedtirmillion dollar business impact each and endlite
success of a technology evolution will be shownpwyaches to analyze and pin point defects with
advanced techniques, such as atomic force probikP), scanning capacitance microscopy (SCM)
capable of analyzing devices in the nano-scale wsioas will be discussed. Hard fail and soft fail
categories will also be included. To assure effecfiroblem solving, cross-functional interactiomsl a
collaborations will be essential in today's busgesodel. This will also be highlighted in the fadu
analysis environment in order to achieve defeqgipm (parts per million) reduction and improve produ
quality driven by customer satisfaction requirersearid continued business and growth.



Field Failure and Mechanism of Microelectronic Devtes

JaeSeong JEONG
Reliability Physics Research Center, Korea Eledtoiechnology Institute, South
Korea

The revolution of transistor has led a rapid depeient in the electronic industry. After digital e@msions,
the development of consumer electronic devices sscuper slim Flat Panel Display (FPD), smart phon
flexible device is beyond the imagination. A ragldvelopment and diversity of consumer electronic
devices has requires more technical development frocroelectronic device which composes hardware.
The various unexpected field failure can be ocalia® field application area is getting wider. Hos tthe
effort of defining the failure mechanism of Micreetronic device is continued. However, failure madd
mechanism has been more complicated and sophéticaisually, the failure mechanism is derived and
the root cause is found by failure analysis. That mause is used to making the screen method teiptre
the field failure. When the screen method has ehalgjection ability statistically, it can be defihas the
reliability test. However, it is very difficult tdraw failure mechanism and find root cause. Moreavés
difficult to reproduce the soft failure problems ialin happen a lot in the field. Especially if curtlgn
increasing No Fault Found (NFF) is defected, it lddae hard to reproduce failure symptoms so thezea
lot of possibilities not to conduct the next stégilure analysis. Also, NFF symptom can’t be imprdv
because it has no reproduction and screen waysteEhenethod to screen the problems, which happen i
the infant failure and random failure period, dgrithe developing period is not enough. New religbil
test method should be continued with field failorechanism for the defect and the weak point detecti
This paper is introducing various field failure améchanism.

Realization of Highly-efficient Deep-ultraviolet Emitters Based on AlGaN/AIN
Quantum Wells

Ryan BANAL*, Mitsuru FUNATO ?, Yoichi KAWAKAMI ?
'kawakami Laboratory, Kyoto University, JapdKyoto University, Japan

Research into IlI-nitride semiconductor materid@df\( GaN, InN) has progressed rapidly in the pastadie,
thanks to its huge potential as a compact, norctexid highly-efficient next-generation lighting sce.
When mixed to form AlGaN and InGaN ternary alloyseir emission wavelengths could cover the
electromagnetic spectrum from ultraviolet to thsible region. Although highly-efficient blue InGaN-
based light-emitting diodes (LEDs) with an extergahntum efficiency (EQE) of 84% have already been
reported, the performance of green LEDs is stithallenge because of its low EQE. Intensive re$earc
effort is already underway to address this “greap’gissue. On the other hand, a similar trend of
decreasing EQE is also observed in the ultravi@&f) spectrum. For this case, &a N is used as the
active region where its emission can be tuned 2a&@to 365 nm by changing the Al composition (X)eT
growing research interest in the UV region is stated by its potential applications such as biortge
detection, water purification and healthcare. Hosvegonventional UV-LEDs suffer from low EQE of ¢es
than 5%. Here, we focus our discussion on UV ensitéé/e will discuss the fabrication of high-qualétyd
atomically-smooth AIN epilayer realized by the gtbwnethod we have developed [Appl. Phys. Lett. 92,
241905, (2008)]. The fabrication of high-quality@dN/AIN quantum wells will also be discussed asl wel
as the origin of optical polarization anisotropydts consequences on the fabrication of edgeudace-
emitting devices [Phys. Rev. B 79, 121308(R), (9P10astly, we will demonstrate a proof-of-concept
deep-UV emitter upon employing an electron-beam miog technique. By this technique, we
demonstrated an output power of 100 mW and a peffierency of ~40% [Nature Photon. 4, 767, (2010)].
This achievement promises to realize new type of/Rlthitter with high emission efficiency.



The Role of Test Chips in Evaluating Reliability inNew Integrated Circuit
Packaging Technologies

Alastair TRIGG
Semiconductor Process Technologies - MDRA, IngitftMicroelectronics, Singapore

Reliability test chips for electronic packaging lpgtions have a long history, going back abouy8&érs
[1-9]. One of the early drivers was the move froenrhetic packaging of ICs to the use of moulded
packages which resulted in new failure modes ssdaogaosion, popcorn effects and wire sweep. It was
realized that it was difficult to evaluate packagkability using normal functional devices; sonfdite
reasons are given below:

« Full functional testing of a device requires exgige test equipment and a long time for large samp
sizes.

* Functional devices vary in their sensitivity tagiage related failures according to their architrec

« It may not be possible to apply sufficient accatien (temperature, electric field, humidity,
contamination etc) to generate significant failurean acceptable time.

* Isolation of the failure to a particular locatiand subsequent failure analysis may be extrem#igudt,
time consuming or even impossible.

Among the advantages of using test chips are tlening:

* Special test structures can be designed to foewssingle failure mechanism.

» Test structures can be fabricated with non-basgdrocesses eg non-passivated conductors.
* May be much simpler and cheaper than functioeaiads (but not always!)

» The same test chip can be used to compare m#eyedit package designs

* The test chip can be designed to facilitate faikite location and root cause analysis.

* The test chip can be used to evaluate thermé&peance.

In the past two years, IME has designed three aletest chips, two to evaluate 3D chipstacks using
through silicon via technology (TSV) and a thirditwestigate reliability challenges associated wita
change from gold to copper wire bonding technology.

The Reliability Case for Copper Wire Bonding in Pover Devices

Arthur CHIANG
Reliability Engineering, Vishay Siliconix, United&aies

The microelectronics industry is currently movingag from Au wire bonding toward Cu wire bonding in
a major way. Economic incentive created by the atlyeting gold price is the obvious driving force.
Though Cu wire has some intrinsic properties thatsaperior to Au, such as higher conductivity &xb
intermetallic compound with Al metallization of mixircuits, in general, Cu wire bonding requiresreno
care. In addition, the history of Cu wire bondeétatively short compared to Au wire. Hence, religpiof

Cu wire bonding as a technology has to be evaludt@aughly by the manufacturing community before
the user community will embrace it in a big way.

In the last few years, Vishay Intertechnology, cmfethe world's largest manufacturers of discrete
semiconductors and passive components, has investadly into developing a reliable Cu wire bonding
technology in its MOSFETS division.



Mechanical Reliability of Three-dimensionally Stacled LSIs

Hideo MIURA
Fracture and Reliability Research institute, Tohtkuversity, Japan

Three-dimensionally stacked chip structures in tebeic packages have started to be used in actual
products to minimize signal delay and to maximigseanbly density. The thickness of the chips ing¢hes
package structures is m and a number of the stdeleds wilitthinned to less than 100 reach 10 layers
within a few years. In addition, a wiring methodveen the stacked chips has been changed from wire
bonding to flip chip bonding with an area-arrayedvp structure for maximizing the number of I/O pins
Since the thickness of the stacked silicon chips haen m, the local thermal deformation of the
chiparthinned to less than 100 has increased drastibaltpuse of the decrease of the flexural rigidity o
the thinned chips. It was found that a clear péciddermal deformation and thus, the thermal residu
stress distribution appear in the stacked chip tluethe periodic alignment of metallic bumps.
Since both mechanical and electrical propertiethiof films and micro bumps have been found to vary
drastically depending on their crystallographic mitexture, the amplitudes of the developed steesb
strain are the strong function of the micro texture addition, the effective mechanical propertas
underfill materials also vary significantly depemglion the size of cavity surrounded by the perialtiic
aligned metallic bumps. Therefore, it is very intpot to optimize not only the micro texture of naaad
micro- scale materials but also the alignment ioé finetallic bumps used for the flip chip structutaghis
paper, the dominant structural factors of the labrmation of a silicon chip are discussed quattiely
based on the results of three-dimensional finitemeint analysis and measurements of the local
deformation and residual stress of a chip usirgjrsgensor chips and interference microscopy.

Case Studies of Advanced Failure Analysis and Rebdity in Semiconductor
Manufacturing

Domenico MELLO, Roberta RICCIARI, Massimiliano ASTU TO
Physics Lab., STMicroelectronics, Italy

In the last years, the continuous shrinking of tetetic devices as well as the development of more
advanced technologies (such as MEMS, FIN FET,,dtaye further complicated the search and preventio
of failures mechanism. Advanced analytical toold apecialized methodologies have become crucial to
the research, to the sample preparation, to thepmotwgical observation and to the chemical
characterization of defects or sub-nanometer strast In this work we present two case studieshithy
only through the integration of complex analytitethniques it was possible to find the route caafse
failures generated during the manufacturing.

The former case concerns the occurrence of corrasimetal layers detected, by optical inspectaiter a
pressure pot test. The failure was initially asedibto problems in passivation layers. Only through
simultaneous use of FIB, TEM, EELS and ToF- SIMSwis possible to trace the problem to a
contamination during the manufacturing.

In the latter case study we report on TEM analysamsied-out on a gate oxide subject to breakdown
phenomenon. It is shown that, though contaminatias not revealed by a powerful tool such as TXRF,
TEM analysis has clearly shown the presence of stochtion loop. Additional ToF-SIMS analysis
performed on the gate oxide has shown a high cbwteNa at the interface between SiO2 and silicon
substrate.

In addition, we show that implementing inspectiathveomplex analytical techniques, such as FIB, éug
Electron Spectroscopy and ToF-SIMS, directly on thanufacturing line, it is possible to prevent
deleterious process deviation, without significampact on industrial throughput.



Novel Applications of X-Ray Diffraction Imaging (XRDI) in the Non-Destructive
Imaging of Strain and Defects in Semiconductors.

Jennifer STOPFORD', Arthur HENRY?, David ALLEN', Oswald ALDRIAN,
Dionysios MANESSI$ Nick BENNETT, muhammad MORSHEDKen HORAN,
Jochen WITTGE Andreas DANILEWSKY, Aidan COWLEY, Patrick MCNALLY"
School of Electronic Engineering, Dublin City Unisiy, Ireland 2Department of
Manufacturing Engineering, School of Manufacturargl Design Engineering, ., Dublin
Institute of Technology, IrelandfFraunhofer 1IZM Berlin, Microperipheric Research
Center, Berlin Center of Advanced Packaging, Gubtayer-Allee 25, Berlin,, Germany,
“Kristallographie, Institut fiir Geowissenschaftemj\érsitat Freiburg, Germany,
*Kristallographie, Institut fir Geowissenschaftetbhext-Ludwigs-Universitat, Germany

XRDI is a powerful, non-destructive technique fbetimaging of strain in crystalline materials. Rece
developments in XRDI have enabled the 3-dimensiqi3®) characterisation of strain and defect
distributions in Si. In this talk two novel techoip, 3-dimensional x-ray diffraction imaging (3D-BR
and 3-dimensional surface modelling (3DSM), for thesitu imaging of strain and internal damage in
processed Si wafers and packaged Si chips wileperted. The development and application of 3D-XRDI
and 3DSM for non-destructive metrology will be derstrated.

3D-XRDI is used to examine nano-indented Si wafessimulate wafer handling and shipping damage),
and plasma arc damaged samples (to replicate conpmomess-induced damage). 3D-XRDI provides an
improvement over conventional XRDI in that it make®asier to distinguish damage sites and identify
stress/strain regions on all surfaces, and intlgtndlhe 3D-XRDI reveal defect images with spatial
resolution of < 5 m throughout the entire probed volume. Strain mesmsants at the damage site show
tensile strains as high as 500 MPa in certainitng. The use of image processing algorithms gblfght
regions of interest and enhance the analysis psasedso illustrated.

Determining the level of strain in packaged chipsmportant for the development of chip embedding
processes and device reliability. 3D surface mougl3DSM) is used to obtain high resolution (~h)

3D strain/warpage maps and obtain qualitative m&dion on the nature and extent of the strain $iétd
completely packaged chips. Distinctive strain pagecan be identified in the 3DSM, which are
characteristic of the process or reliability tesinlg studied, proving the accuracy of the modelpngcess.
Image acquisition efficiency for obtaining sectimansmission (ST) topographs has greatly improaed,
we can now obtain 600+ ST images in approximateip&s.

Growth Dynamics and Kinetics of Si/SiGe from Hydrice Precursors

Eng Soon TOK
Physics, National University of Singapore, Singapor

Epitaxial growth of Si/SiGe from hydride precursdesg. Silane, Disilane and Germane) has been well
established as the preferred technique for preparadf 'virtual substrate’ and active layers of
heterojunction metal-oxide-semiconductor devicesval§ as other Si/SiGe heterojunction based device
structures. This talk reviews the role of hydrogerthe growth mechanisms and establishes the basic
reaction pathways in the growth process. The sanfalated segregation of Ge and As are examindtkin
context of formation of sharp SiGe/Si heterojunasicand sharp doping profiles. The optimisation of
growth conditions are clearly identified from thend gathered from secondary ion mass spectrometry
measurements. The growth of virtual substratesaislh be discussed in the context of its thernzadikty.
Conditions for annealing these virtual substratesiding preferential germanium desorption and pits
formation are identified through a combination dbraic force microscopy and x-ray photoelectron
spectroscopy.



Integration of Hafnium — based Gate Dielectrics irB2nm High Performance Logic
SOI CMOS Devices.

Torben KELWING 4 Martin TRENTZSCH, Andreas NAUMANN, Boris BAYHA®,
Falk GRAETSCH, Lutz HERRMANN, Bernhard TRU\, Lutz WILDE?, Christoph
KLEIN*, Rick CARTER, Rolf STEPHAN, Peter KUECHER Walter HANSCH
Technology & Integration, GLOBALFOUNDRIES, Germafkraunhofer CNT,
GermanyDiffusion, GLOBALFOUNDRIES, GermanyCenter for Complex Analysis,
GLOBALFOUNDRIES, Germanylnstitute of Physics, University of the German
Federal Armed Forces Munich, Germany

Future scaling of CMOS technology requires highHiK) dielectrics with metal gate (MG) electrodes to
realize higher gate capacitances and adequate ke lgakage currents. Therefore general process
integration topics such as comparison of variousbétfed gate dielectrics and different deposition
techniques (MOCVD, ALD and PVD) will be discusséd32nm high-k/metal gate SOl CMOS process
has been applied to fabricate high performanceclaginsistors. Optical thickness measurement and
electrical device and reliability parameters susteakage current, capacitance equivalent thick{tess),
TDDB and ION-IOFF performance have been taken Bdoount to compare different dielectrics and
deposition techniques. Changes of physical matgniaperties have been studied using atom probe
tomography (APT), RBS, XPS, TEM, VASE, AFM and GIRIRs well. Subsequently further CET scaling
capability using dedicated post deposition anngadinpost work function annealing steps undepoNNH;
ambient will be presented. Besides an overviewasfsible future gate dielectric scaling options i
given.

This work was funded in line with the technologynding for regional development (ERDF) of the
European Union and by funds of the Free State gbi8a(P100064806). The authors are responsible for
the content of this abstract.

Comparsion of Au and Cu Wire Bond Reliability

Teck Kheng LEE?, Hun Shen N& Richard HOLLIDAY?, Christopher D BREACH
Technology Development Centre, Institute of Tecahieducation, Singapor&Vorld
Gold Council, SingaporéProMat Consultants, Singapore

The properties of copper such as hardness, oxidati@ electro-chemical potential have a significant
impact on the wire bonding process and reliabdgycompared to gold. The paper summarises the effec
Au and Cu wires in wire bonding process by relattadgoonding processes to the material properties

This paper focuses on effects of Au and Cu wireperties on the wire bonding process and reliability
under dry, moist and wet conditions. A statistigalesigned experiment was conducted to optimize the
wire bonding process. Higher ultrasonic energy masessary for the solid state bonding of coppearon
aluminium alloy bond pad compared with gold, whiglmecessary to deform the harder copper freeadlir b
break oxides and form bonds between the wire aacbtind pads. The solid-state bond integrity of gold
and copper ball bonds were assessed from isotheagialy. Although cratering was not observed
immediately after bonding gold and copper, cratenivas observed after thermal aging of copper ball
bonds. This was likely due to the higher ultras@riergy causing microscopic chip damage that dpeelo
into full scale cratering. The drop in the ball dostrength neck strength of Cu wire was believetdda
result of wire oxidation.

Assessment of the effect of exposing bare goldcamber wires to moisture, DI water or DI water k sa
solution showed that different degrees of corrosimre observed for copper wires. The various test
environments generated different electrolyte caoolit for corrosion. Galvanic corrosion was suspette
occur with exposure to moisture and DI water. Whé solution of DI water and NaCl it was suspected
that pitting corrosion initiates at the grain boarids due to the presence of chlorine based halides
paper investigate the corrosion mechanism in copgkibonds versus gold.



Quality Evaluation Techniques of Solar Cell Module

Akira HASEGAWA
Oki Engineering Co., Ltd., Japan

We have developed a process diagnostics systenphotovoltaic energy modules based on standard
methods and practices already developed for LSI Bi&MS technologies. This paper provides a
description of methods used to ensure the conféeomatf solar cell modules to the rigors of high-litya
manufacturing necessary for reliable photovoltaitergy production when exposed to long-term
environmental use. We have verified the possibditynspecting each solar cell and the module abgem

in detail for several photovoltaic technologiesedfically monocrystalline Si, polycrystalline Sind
Culn,Ga,,Se. An objective set of criteria for the quality cia module can be provided by this method
for use in module selection by consumers. Moreawer quality of conformance and reliability data dee
used as feedback to the manufacturer to minimieentimber of defects created during manufacturing
process and ameliorate their effects.

Methodology of Failure Analysis Applied to Packaged.eds

Raphael BAILLOT *, Laurent BECHOU, Yannick DESHAYES, Colette BELIN,
Isabelle PIANET, Christelle ABSALON, Thierry BUFFETEAU, Yves OUSTEN
'Reliability, IMS Laboratory, FrancéMolecular Spectroscopy, ISM Laboratory, France,
3CESAMO, ISM Laboratory, France

Light Emitting Diodes (LEDs) are currently useddanwide range of applications as solid-state lightin
backlighting or full-color displays. Those modenpphcations require shorter central wavelength {@p
UV) such as GaN-based blue LEDs made up with paiymased packaging. Up to date, short-wavelength
light/polymer interaction induces degradation mexdtras (photodegradation) that are not fully unaerdt
Moreover, polymerbased packaging degradation inspaerational reliability of LEDs thus limiting tine
performances. As LEDs mission profile is tempemtamd current dependent, active storage (nomiaal bi
current and maximal operating temperature) has Ipeeiormed on different packaged LED (GaAs, GaP
and GaN technologies).

Results have reported optical losses on differenhriologies. Physics of failure methodology mixing
electrooptical failure signatures and physico-clwainanalyses is proposed on the most sensitive case
(GaN-based blue LEDs). Electrical and optical cbimastics highlight a 65% drop of optical powerdam
increase of one decade of leakage current spreadinthe silicone oil/chip interfaces. Through
measurements of the copolymer silicone coatingrdscence emission spectra, we demonstrate that the
polymer degradation enlarges the LED emission spec{7%) and shifts central wavelength (5 to 7 nm).
Attenuated Total Reflection, Nuclear Magnetic Reswme (NMR) and mass spectrometry have been
performed to understand polymer degradation. Thmolgmer molecular structure has not been affected
after ageing tests. NMR and mass spectrometry eealthe presence of unidentified low molecular Wweig
molecules disappearing after ageing. A first hypstb results in the polymerization of other unidiet
molecules as NMR demonstrates the diffusion of nigihecular weight molecules (mass ratio of 100¢raft
ageing. Both temperature and photodegradation efsilicone oil are assumed to be responsible fer th
polymerization of the unidentified molecules. AidolH NMR and Differential Scanning Calorimetry
(DSC) are in progress to determine the unidentifiemlecules and the glass temperature of the s#@icon
coating respectively.



3D Integration Benefits and Reliability Challenges

Ewald WACHMANN , Cathal CASSIDY, Jochen KRAFT, Jordi TEVA, JOr&ESIERT,
Franz SCHRANK
Austriamicrosystems, Austria

Today 3D interconnection approaches are considaregrovide one of the most promising enabling
technologies for “More than Moore” solutions. Thimovation enables unprecedented possibilities of
system miniaturization, cost reduction and perfaragaimprovements. 3D integrated ICs will extend
existing systems and will have a share of 10% efglobal semiconductor market already by 2015 with
double digit annual growth rate.

3D integration can provide significant progress@miconductor device development regarding increase
system interconnection functionality and integnatidensity. We will outline the currently emerging
developments for heterogeneous 3D Integration quacwith through silicon vias (TSVs) and wafer
bonding techniques enabling e.g. backside redigtab layers or advanced sensor system integration.

Reliability and failure analysis are key ingredgeerdf semiconductor process development, and 3D
integration is no exception. In this presentati@tiability issues for wafer-bond interfaces ar@VvE will

be discussed, along with new challenges that 3Bgmation poses for failure analysis and materials
characterization. Defect localization is a key edjent in successful semiconductor process devetopm
attainment of high production yields and assuraotéong-term reliability. Applied to 3D integrated
devices, localization of defects presents numerhalenges; but also opportunities for optimisat@n
development of new analysis techniques.

Some case studies, showing specific problems anddhutions developed by austriamicrosystems, hweill
discussed in detail. As an example for such aniegifmn an optimized sensor-layer can be processeal
specific wafer substrate, whereas the CMOS circoitthe system can remain cost-efficiently on an
appropriate CMOS or HV-CMOS technology.
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http://www.mrs.org.sg/

The Materials Research Society of Singapore (MR®&) created in 1999 as a not-
for-profit organisation to serve a rapidly emergingterials science community in
Singapore. The founding President of the Society Rtf Shih Choon Fong who
remains its Principal Advisor.

The Society is affiliated with the International ion of Materials Research Societies
(IUMRS).Since its inception the focus of MRS-S bagn to promote materials sciend
not only to researchers in Singapore, but alsaitdigise the niche capabilities of loca
researchers throughout Asia and further a field.

To this end, the Society’s major activity is thgamisation of a biennial event - the
International Conference on Materials for Advandeghnologies or ICMAT - that is
held in July and attracts more than 1500 deledabes all over the world.

MRS-S also awards prizes on annual basis to owlistgaiionours students at the
National University of Singapore. As the Societytamnes it plans to expand its
activities through:

« organisation of smaller, specialist conferenegs,

* provision of scholarships to graduate students

Singapore Surface Engineering Association

http://www.aseansurfin.org

The Singapore Metal Finishing Society was founsedvember 1981 with the
mission to promote the development of the localtedglating industry. It counts
contract platers, academics, surface finisherglgrp of chemicals, equipment,
technology, analytical lab and test service prorddand PCB manufacturers as its
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The Association is currently a member of the Indéional Union of Surface Finishing
(IUSF), Singapore Manufacturer's Federation ( Skta) has a Memorandum of
Understanding (MOU) with the Association of Electics Industries in Singapore
(AEIS). PI. refer website for more details.
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