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ABSTRACT

A few points will be highlighted on the issue of VLS reliability in Europe. First, thereis a brief description of
organizations involved in stimulating the activities on reliability by exchange of information (e.g., conferences)
o setting up research programs (e. g . , the well-known ESPRIT program). Within ESPRIT, a technical interest
group on IC reliability for formulating particular needs and necessary improvementsin education and research
was formed. The first outcome was an annual European conference on reliability, the ESREF, the first of which
was held in Bari in 1990. In addition to ESPRIT research projects, there are special (smaller) projects on
reliability subjects. Two exampleswill be given and treated in more detail, namely, those on plastic-encapsul ation

and electro-static discharge.

Then some achievements in the area of firstly, oxide breakdown and secondly, plastic encapsulated IC's in
temperature cycling are presented. Finally, a few opinions are given on new trends in reliability engineering,
including reliability circuit simulation, if not already covered in the items mentioned above.

1. INTRODUCTION

I nthispaper my persond view onthistopicof VLS
reliability in Europeisgiven. If youareexpecting afull
list of dl ectivitiesand achievementsof dl theindtitutes
and companies in Europe, then you will be
disappointed. Thispaper istoo short for suchagoal;
moreover, such aninventory would bevery dull to
read. Therefore, afew pointswill be highlighted. We
gart with cooperativerdighility organizationsin Europe
followed by afew examplesof reliability research
programsand projects. Then | treat some examples
of achievementsinreliability ressarchinwhich | was
indirectly involved. They areinthe areaof process-
related reliability (e.g., oxide breakdown) and
package-related reliability (plasticencapsulated IC's
intemperature cycling). Finally, afew opinionsare
givenon new trendsin reliability engineering, if they
have not aready been covered inthe other items.

2. EUROPEAN ORGANIZATIONS

Organizationsfor standardization arethefirst to
be mentioned in this section. Setting up and
implementing standardi zation proceduresfor quality
ingenerd andreiability in particular cansignificantly
contributeto the ultimateimprovement of products.
In Europe we have the organization CENELEC
(abbreviation of the French name) and itsElectronic
Components Committee, CECC, which both play
animportant roleinthisarea. Inthe CECC, makers
and users of components are working together to
formulate new procedures. Inthisway itisdoingthe
samejob that wastraditionally done by themilitary
organization in the United States (think of the Mil
Handbooksand Milspec).

The Mil activities in the U.S. were strongly
customer driven. Thishasgivenitsproceduresastrong
mandatefor thevendorsof IC's. However, itislosing
power these daysfor number of reasons. Oneisthat
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itisdifficult tostay intheforefront of new deve opments
on quality control; it has to deal with atoo small
production compared to the nonmilitary markets.
Larger production and larger series undoubtedly
means better statistical control of processes with
inherently better toolsfor higher quality and related
reliability.

As a consequence, the nonmilitary users
requirements havetaken over from Milspec. Perhaps
thisisnot the complete picture but thisishow itis
perceived in Europe. An exampleof thenonmilitary
programs is the Ford Q1, inthe USA and also in
Europefully customer-driven and therefore successful
intheimplementation. We seein Europethat many
chip vendors arefirst of all complying with their
customer-driven programsinstead of implementing
CECCrules.

Among cooperative research organizations in
Europe, ESPRIT isthemajor one. Itisfinancing a
largenumber of cooperativeresearch projects, fitting
itsmisson“programmefor research and technologicd
development inthefield of information technology.”
For IC technology it is cooperating with Joint
European Submicron Silicon (JESSI). In the next
section | will giveacouple of examplesof ESPRIT
projectsintheareaof VLS reliability.

Withinthe ESPRIT, thereisaTechnical Interest
Group (TIG) on IC reliability. It consists of
representativesfrom theindustry (both thevendors
and the users) and the national |aboratories, anditis
chaired by Prof. Herman Maesof IMEC in Leuven.
Itsgod istoformulate particular needsand necessary
improvementsintheareaof reliability. A few topics
have been defined for further attention, namely:

i) failure analysis and fundamental failure
mechaniams,

il) 1Cpackagerdiability;

iif) accelerated lifetesting and screening;;

(58]

iV) relidbility smulation;
v) ICreliability education.

Thefirst outcomeof the TIG activitiesisthesetting
up of anannua European conferenceonrdiability. It
iscalled the European Symposium on Reliability of
Electron DevicesFailurePhysicsandAnayss, along
namewith an easy acronym: ESREF. Thefirst one
was held in Bari, Italy, in 1990, the second onein
Bordeaux, France, in 1991 [ | ] . They were very
succesful in attracting good papers and a large
audience, and very likely it is the start of a good
tradition likethe IRPS and other conferencesinthe
uU.S.

Concerning the other activitiesand plansof the
TIG, namely, when it comes to conducting the
projects, i t isde-pending on the amount of money
available within thetotal ESPRIT program. Asto
informal contactsand exchangeof information, thisis
a so being achieved withintheframe-work of ESREF
and also within other conferences such as INFOS
(Insulating Films On Semiconductors). Thelatter, for
example, had aworkshop on hot carrier effectsin
1992[2] .

It should benoted that dl countriesin Europehave
their national learning societieswith, inthelarger
countries, specia branchesdealingwithreiability. A
good exampleistherdiability chapter withinthe VDE,
the German Institute of Electrical Engineers. This
chapter hasmembersfrom neighboring countries. In
thisway it hasaEuropean orientation even asanationa
organization.

3. EUROPEAN COOPERATIVERELIABILIT
YRESEARCH

In Europethereisamultitude of organizationsand
mentioning them all would bedull. Inthe previous
sectionitisindicated that ESPRIT isthe major one
for supporting projectsinthefield of microe ectronics.
Itisfinanced and managed by the Commission of the
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European Communities. Oneof thegoalsistoinclude
reliability engineering asan essentia part of therdlevant
projects, especially of the projects on technology
development.

Also, separate (smaller) projects are supported
with emphasisonreliability. Thisisfeasiblewhen
particular re-search hasto be donefor thereliability
of many products in different technologies. Two
examples will be given here: firstly, the PLASIC
project (Performance and reliability of PLastic
encapsulated CMOS ASIC’s) and secondly, the
EPST project (ESD Protection for Submicron
Technologies).

For the PLASIC project the consortium consists
of Mi-etec Alcatel (vendor) in Belgium. SGS-
Thomson Micro-electronics(vendor) in France, SEL
Alcatel (user) in Ger-many, Elektronik Centralen
(institute) in Denmark, and NMRC (institute) in
Ireland.

l OEFORNED 20 F.E. MESH POFP 160

Fig. 1. Result of thecalculation of deformation of PQFP 160
inthe presence of delamination. View of an deformed
finite element mesh in the region close to the die
edge. (G.Kélyeta.)[2].

Theactivitiesform abroad spectrum comprising
materials and process studies electro-thermal
characterization of plastic packages, reliability
evaluation (temperature cycling and moisturetests),
thermo-mechanica modeling, etc. A few morewords
will be devoted hereto the last activity because it
illugtratesthe approach followedto gain understanding
of the causeof low reliability.

Traditionally, thermo-mechanical modeling is
carried out under the assumption of elastic
deformationinhomogeneousmedia, which meansno
cracksin the plastic and no delamination between
plagticand silicondie. However, intemperaturecyding
thereisalargerisk of delamination because of the
largemechanical stresses. Thisdelamination startsat
thecomersand edgesof thedie[3] ,whiledeamination
can aso occur & theinterface between leadframeand
plastic. Theresultisan exceptionally largeforceon
balbondswith alarge probability for loosebond wires
(seeaso Section V of thispaper). Withinthe project,
NMRC gtarted with taking del amination into account
intheca culation of themechanica stressesanddrain.
Thiswas done on a 160-pin plastic quad flat pack
(PQFP160). For themateria properties, pleaserefer
totheoriginal publication[4]. Fig. | showsaresult
with the deformed finite element mesh of the
PQFP160intheregion closetothedieedgei nthe
presence of delamination. Thisillustratesthelarge
deformationsoccurring after delami-nation.

This project isan example of how cooperative
research projectsareexecuted i n Europe. Industrial
laboratories work together with governmental
ingtitutesfrom different countriesin Europe. The
institutes contribute mainly in the devel opment of
analytical methodsand modeling, thecompanieson
technol ogy devel opment and the application of the
results.
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It should be noted that Europeisat adisadvantage
inthefield of plastic encapsulation because nearly all
assembly isinthe Far East or at least outside Europe.
Moreover, the major molding compound vendorsare
outside Europe. Thisisfar fromagood stuationfor a
close cooperation between compound vendors,
assembly lines, and | C manufacturers. ThisPLASIC
project neverthel essisaiming at accomplishing such
a goal within these disadvantageous boundary
conditions.

Rhb

Fig. 2. The equivalent circuit for the human body model
electro-static discharge; top: accordingto MIL STD
883U3015.7, bottom: including the main parasitic
elements.

The second exampleof an ESPRIT project witha
large reliability emphasisis the EPST project on
Electro Static Discharge (ESD) protections. The
consortium consistsof Siemens, Philips, IMEC, and
the Technical University of Munich. Theactivities
consist of acomparison of different ESD testers,
development of anew test setup, development of

[60]

improved protectioncircuits, al supported by modding
of test setupsaswell asprotection circuits.

The first outcome of this project was the large
gpread intheresultsobtained with 11 different testers
although all had the same setup, namely, the human
body model (HBM). This setup isvery simple; it
simulatesthe handling of devicesby charged human
beings. It hasbeen standardized by the Mil Standard
intheUSA: MIL STD 883C/3015.7. Theequivalent
circuitisgiveninFig. 2 (top). Thecapacitor C_ in
Fig. 2isdischarged inthetest. Thisresultsinavoltage
or current pulse through the DUT. The standard
specifies that R = 1500&!+1%, C = 100
pF£10%. However, in practice several parasiticare
present, for instance, astray capacitance of thetest
board at thedeviceunder test (DUT inFig. 2) . This
capacitanceisnot detected when cdlibrationiscarried
out accordingto MIL STD becausethentheDUT is
short-circuited. It would be much better to have a
load resistanceR of, say, 1000 & ! inthecalibration
setup. Theseand other findings and considerations
lead to the compl ete equivalent circuit given at the
bottom of Fig. 2[5].

The insufficient specification of the parasitic
elements(capacitancesC, and C, andinductancel.,),
andtheresulting differencesamong testers, arevery
likely the cause of thelarge spread in tester resullts.
Thiscomparison of testerswithin the project goes
back to an earlier investigation at Philips(5). For other
ESD studies at Philips, excellent work of Ajith
Amerasekeraand coworkersisreferred [6], [7].

Theresearchersat IMEC were ableto derivean
analytical expressonfor the (current-time) behavior
of the ESD testersincluding their parasitic elements
[8]. From simulation and curve fitting to the
experimentally determined pul sesthe va ue of these
elementscould bederived. Of course, the next step
to be expected isatester optimization with respect to
these parasitic elements and subsequent
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standardization of thetest. When one considersthat
thereare other test setupsor configurations, such as
Machine Model and Charged DeviceModd (yet to
bethoroughly investigated) it isclear that thereisa
long way to go. The project consortium has decided
to accomplish standardization but to achievethisin
closecollaboration withthe EOSESD Associationin
theU.S. Thesetwo projectsillustrate how cooperative
research projects are executed and how different
companies/ingtituteswork together. In someareasit
takes often not only a European but also a global
approach.

4. PROCESS-RELATED RELIABILITY

Process-related reliability isthat part of reliability
engineering that isdealing with materialsand basic
structuresintheintegrated circuits. Testsare carried
out on test structures and quite often on-the-wafer
withrelatively high accd erationfactors. Examplesare
oxide breakdown tested on capacitors, electro-
migrationtested on metd Stripes, and hot carrier effects
onsingletransistors. [9,10] He adopted and worked
out the concept of charge-to-breakdown brought
forward by Harari. Thishasled to alarge number of
contributionsinthisfield from him and hiscoworkers
on the constancy of the charge-to-breakdown Q,,
asafunction of stresscurrent, therelation between
voltage stress and current stress, the statistics of
breakdown, the defect-related part in a statistical
digtribution of failing capacitors, thetrgpping of charge
in the pre-breakdown phase, and last but not least,
themechanism of oxide breakdown. Thiswork has
been treated in anumber of review papers[11,12].

It is clear now that one can make a distinction
between the defect-related part and theintrinsic part
in a breakdown distribution. The defects form a
reliability hazard: they cangiveanearly falureintime-
dependent diel ectric breakdown which meansashort
life. For acd culation of theactud lifetimeof aproduct,
or rather themean and spread in lifetime of alarge

number of products, one needs the value of the
acceleration factors for derating stress results to
practical use conditions. Inthetraditional concept,
breakdown of adielectric wasthought to be caused
by a high field. In that case one needs the field
acceleration for derating high-field stressresults. In
the concept of Q,, one needsto know the current
level inthe oxide at practical use conditions (apart
fromtheassumption of theindependenceof Q_ from
oxidecurrent). However, oneonly knowsthevoltage
or oxidefield during operation. Therefore, derating
inthiscase meansan assumption about the current-

fidldrelaionfor theoxide.
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Fig. 3. Gate oxide defect density in consecutivelotsof wafers.
Courtesy: M. Pinto, Philips Semiconductor, Nijmegen.

Professor Chenming Hu and coworkers at
Berkeley have doneagood job onthisderating for
the estimation of oxidereliability (see[13] and its
references). They were able to give a consistent
description of the experimentsof their own aswell as
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of othersintermsof alimited number of parameters.
However, the physical mechanism underlying their
model isin my opinion debatable. It isin terms of
holegenerationintheoxidefollowed by trapping (and
some recombination). The result is a buildup of
positive charge leading to current increase and
breakdown it seemsthat the same set of parameters
but adifferent physical mechanismwould dothejob
aswdll.

Dr. Wolters observed, asis aready mentioned
above, the constancy (of theaveragevaue) of Q,,
asafunction of oxidecurrent. According to himthis
precludesthe avalanche multiplication asastepping
stonein the oxide breakdown mechanism because
themultiplicationisstrongly field dependent. The
constancy of Q,, has been nicely corroborated by
researchersin Japan [14]. Moreover, the electron
transport studiesat IBM, Yorktown Heights(see, for
instance, [15] demonstrate that avalanche
multiplicationisanunlikely process.

Wolters physica mechanismfor oxidebreskdown
is the following. At the anode, electrons from a
Fowler-Nordheimtunnel current loosetheir energy
to the SIO, lattice where it is used to break some
bonds. Thisbond breaking proceedsfrom anodeto
cathodeforming aconductive path. Upon discharge
of the capacitor through thispath thematerid isblown
and the capacitor broken down. Thismechanismis
able to explain virtually all related phenomena.
However, it should be stated herethat thereisnot a
general consensus about the mechanism. Somemore
experimental work isgtill needed to giveasound base
todl modding.

The concept of Q,, and therel ated defect density

[62]
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Fig. 4. Pulling force of bond wires in a product after SO0
cyclesin atemperature cycling test. Indicated arethe
regions of good adhesion (dashed line) and bad
adhesion plastic die (solid line).

Courtesy : A. van der Wijk, Philips Semiconductor,
Stadskanaal.

hasfound anew applicationin Statistical Reliability
Monitoring (SRM). Inthe SRM approach particular
process parameters are measured that are relevant
for rdiability and that are competiblewith the concepts
of Statistical Process Control (SPC). It appearsthat
Q,, measurementsand the derived defect density can
dothejobfor oxide-ratedreiability. Itisardatively
short test of a few minutes on simple capacitor
gructuresonthewafer with afast feedback to process
engineering. Although themeasured defect dengity is
not directly yielding aproduct lifetime, it can bethe
input for a program of continuous process
Improvement with inherent product improvement.

An exampleof aseriesof measurementsisgiven
in Fig. 3. It can be seen that the oxide defect density
issteadily de-creasing which wasactually theresult
of correctiveactions based on the presented sample
data. Thecorrectiveactionswere predominantly on
Improving cleaning procedures.
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| have given this example of oxide breakdown
work also to demonstratethat in thisfield of oxide
breakdown there is not a difference in approach
betweenthe U.S., Japan, and Europe.

5. PACKAGE-RELATED RELIABILITY

Thesubject of package-related rdiability dedlswith
thereliability of integrated circuitsencapsulatedin
plastic. Wehaveto facelarge mechanical stresseson
thechipwithinherent reliability hazards. A few years
ago | wanted to discussthissubject but thereaction|
got was*how silly it would beto put these niceand
expensvemicroprocessorsindirty plagic.” Sincethen
times have changed and many nice and expensive
chipsaregoing into plastic packages.

| recognized that therewasalargerisk for Philips
of lagging behindin thedeve opment of highreliability
plastic-encapsulated |C’s. Thereasonsare discussed
inSection 11 of thispaper. From companiesin Japan
it is learned that they were using the Scanning
Accoustical Tomograph (SCAT) for investigating
particular religbility mechanisms. Weat Philipsbought
the same piece of equipment, thefirst one outside
Japan. It should be noted that thistype of equipment
had aready beeninusein Japan for many years. With
the SCAT technique we discovered [3] that
delamination at thedie-plastic interfaceisamajor
religbility hazard: it givesthewel|-known pattern shift
of the (top) metallization on the die. Moreover,
resulting large forces on ball bonds could give
degradation. Theresult of an investigation in this
directionisgiveninFig. 4. Itisactualy awirepull test
on an | C that has been subjected to 500 cyclesina
temperaturecyclingtest. Theamount of delamination
or bad adhesion was determined by the SCAT
technique beforedecapsulation and wirepull test. The
solid lineisthe areaof bad adhesion. We can clearly
seethat the bond wireswith low pull strength arein
the areaof bad adhesion. Thisisconsistent witha
model inwhich delamination between plasticand die

givesextramechanical forceson thebond balls[ 16,
17].

A major concernin Europeisthe environment.
How thiscan affect, religbility engineeringisshownin
thefollowing example. Intemperaturecycdingwehave
basically two typesof tests. In both teststhe samples
areinterchanged between two chambersat different
temperaturesbut in onetest thechamberscontainair
andintheother they containliquids. Theabbreviations
for the tests used here are TMCL (temperature
cyding) and TMSK (thermd shock), respectively. For
theusual largetemperature swing of -65°Cto150°C
theliquidsarechloro-fluoro-carbon compoundswhich
arenow known to be detrimental to the environment.

Therefore, wecarried out aninvestigationinto the
dif-ferences between thetwo types of testswith the
aid of the SCAT technique. TheresultisgiveninFig.
5, which showsthe percentage of delaminationasa
function of thenumber of cycles. It can be concluded
that theevol ution of thedd aminationissmilar inboth
tests. Hopefully, theseresults contributeto completely
phasing out the shock tests which use hazardous
compounds.

6. NEW TRENDSIN RELIABILITY
ENGINEERING

New trendsin reliability engineering are strongly
related to new trendsintechnology. Thesearesmaller
featuresizesonthechip a onehand, andlarger chips
a theother hand. Thesmaller featuresizesgotogether
withthinner (gate) oxidelayersand narrower spacings
between metd patterns. Thisimpliesahigher reliability
risk especidly intheso-called early-falure-rateregime
whichisso strongly related toworkmanship and defect
dengty. Thisbringsforwardthebigissueof continuous
qudity and reliability improvement. Thiswill bedone
withtheaid of better failureanaysistechniquesand
with conceptslike Statistical Reliability Monitoring.
Thelarger chipsbring greater reliability hazardsdue

[63]
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to mechanical stressesasdiscussedin Sectionsl||
andV.Also, herewehavethesameissueof continuous
quality improvement viabetter analyss. modding, and
process control.
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Fig. 5. Percentage of delamination on die and diepad of a
plastic encapsulated |C in temperature cycling tests
ineither lig-uid-to-liquid (Thermal Shock) or air-to-
air (Temperature Cycling). Courtesy of A. van der
Wijk, Philips Semiconductor, Stadskanaal. O Effect
of Thermal Shock on die H Effect of Temperature
Cycling on die 0 Effect of Thermal Shock on diepad
Effect of Temperature Cycling on diepad

A new trend, not mentioned above or in the
previous sections but relevant for proper design, is
the devel opment and application of reliability circuit
smulaors. Wefoundthat thehot carrier rlated lifetime
of CMOS productsdiffered considerably from that
derived from experimentson transistors[17]. This
hasto dowiththerelatively low sensitivity of these
particular productsto the hot carrier effectsand by
duty cycleeffects. Therelation between trans stor life
and product lifecould beverified by circuit smulation,

I.e., a computer calculation of the electrical
performanceof (part of) thecircuit taking into account
therdiability parameters.

At themoment thistool isbeing further devel oped
in Europeaswell aselsewhere[19]. Thedesigners
areleaving the eraof bread boarding for reliability
entering full smulation, which actudly meansthat their
reliability-related designrulescomefromtestson test
sructuresonly. They arenow entering full Smulation.

7. CONCLUSIONS

VLS reliability in Europe meansamultitude of
organizations, projects, and activities. Only afew
examplescould begiveninthispaper. Fromthisone
may derivethat reliability engineering practiceassuch
doesnot differ sgnificantly fromthat in other regions,
especidly not fromthat intheU.S.

Research projects are executed in cooperation
between industriesand researchingtitutes of different
countries in Europe. However, exchange of
informeation on experimental results, models, sandards
etc., istaking place on aglobal scale, in thisway
forwardingthetotd field of VLS reliability.
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