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~anatory notes 

During the periocl of the mission tba value of the Indian Rupee 
in terms of u.s. dollars was as follows (UN Ope::-al:ional Exchall6e Rate) 

February 1982 

March 

July 

1982 

1982 

8.85 R\£pees per dollar 

9 .15 Rupaes par dollar 

9.21 Rupees psr dollar 

Information was not available for rates of exchange earlier in the project 
but it was assumed to be abo--.it 8.0 Rupees per dollar. 

In this report Nl'H is used a!J the comon abreviation for the 
National Test House, Calcutta. 

Abstract 

·Tit le of Project Improve~~nt of environ:n~ntal an1 reliability 
test facilities at the National Test House, Calcutta. 

Project rr.imber DP/I!\1'/75/010 

Ths parpos3 o~ the project was to improve the environmental test 
laboratory an::l to set up a failure analysis laboratory in the field of 
electronic com?onents. Tha len6th of the :nission was six months. 

In the initial 1>9riocl the r~uirements were determin'!!d arxf 
reco'lllllendations ma1e to NTH regarding the failure analysis laboratory 
which have been accepted, anj are being acted upon. Some prelimin~ry 
training was given. Best us'! could not be made of the UNIDO exp.art 
due to lack of suit~ble eq~ipment at NTH. 

Recommerxiations were made with a view to improving the overall 
effocti veness of Nl'H. 

Assistance was given With p!"9parat1ons for the introduction of 
Phase II in October 1982, arxi recollllllerdations made. 

Introduction 

The Goverrment of India realised in 1973 that there was a need 
to ~trerigthen tnd improve the testing and evaluation facilities at Nl'H 
Calcutta in l'ftspect to the quality an1 reliability of electroni~ components 
with a view to helpin~ the expandin:J electronic component inrtustry withi1'. 
Imia. 

Some previous work of a fairly simple nature had been don9 in 
this field by Nl'H. 

I 
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· In 1973 as !l res-.ilt of a cir~ular .lrom UNDP/UNIDO, the Govertl!llent 
of India requested aid for a Wide range of specialities which were the 
responsibility of the Nl'H Calcutta, a part of the Ministry of Supply 
and Rehabilitation. The Proje::t Do:::ument for Phase I was submitted 
13th September 1976, it was approved by the R9sident Representative 
UNDP 28th September 1976. It's si:heduled starti~ date was ,Tanuary 1977 
and the duration was to be two years. The project is still proceedir.g 
and is not expected to be completed before 06-cember 1982. The :nission 
being reported on began in February 1982 and lasted for six months. Tha 
Govt. co-operating agency was the Ministry of Supply an:f Rehabilitation. 

The original UNDP contribution was$ 301,500. In February 1982 
$ 473,478 had been spent With another$ 103,000 allocated. The delay ~n 
implementi06 the proje~t anj tM subsequent cost escalation of equiP'.nent 
was the main cause of the increased cost. 

Tha contribution :>f th-~ Govt. of In:iia originally a.11ounted to 
Rs.l,227,70~ ($ 153,500), all of which was in the form of p~rs:>nnel, 
buildings, and equipment. 

The ot"iginal project ~ocument objectives fer the mission were 
to provide facilities for vibration measurement and an~lysis for 
electronic comp:>nants, and other environmental testirl6 systems' for the 
environmental laboratory at .NTH. As well as providing equip.nent ID<:>P 
were to provide the services of a foreign expert ·in this field for a 
mission period of eighteen months from July 1977, and to provide training 
abroad in this field for one 21.'TH officer for a period of six months 
from November 1977. Due to poor co-ordina·f:ion between UNDP and Nl'H 
little progress was made i.n the implementation of the project. The 
stz months traini~ ~riod was changed to a two months foreign orientation 
tour for the Project Co-ordinator whieh tcok place in March, April 
and May 1979 (See Annex I). As a consequence of this tour the Project 
Coordinator suggested at tho Tripartite Review Meetil\6,, May 1980, that 
the expert's specialisation shQ.lld include the failure analysis of 
electronic col!lponents. This was agreed, the expert's job description 
was revised, am the duration of the mission reduced to six months. The 
revised objective of the mission was to strengthen the capabilities of 
Nl'H in evaluation of electronic components by 1.:rganizilli and setting up 
a failure analys:ls laboratory in the field of electronics at Nl'H, 
Calcutta. This has only been partially achieved due to the lack of 
suitable equipment which lim;ted trainif'li to 3ainly theoretical 
consideration.3. However recommerrlations were made regarding space, 
equipoent and staff for the failure analysis laboratory. The miss.Lon 
objec-::i ve of organising and setting up the Failure An!llysis laboratory 
~as 0116 of five separate specialities chosen by Nl'H for strengthenin& 
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and improverant in the ove::-all project. (Phase I). It was sxpected 
that the improved facilities an:I equipuent would enable Nl'H to develop 
the necessary expertise which in turn would assist indust:::-y to achieve 
an i.Jllprovem9nt in quality and reliability. This wotJld in the lon45 
term help promote exports and reduce imports in those fields. 

In October 1982 Phase II, Project DP/IND/82/007/A/Ol/37, UNDP 
Input $1,500,000 is scheduled to begin for a curation of three years. 
Con~ern by UNIDO aro UNDP that the mistakes am lack of progress 
evident in Phase I should not be repeated in Phase II resulted in 
reque5t that time should be SP9nt to ensure NI'H's preparedness and 
fitness to undertake the new Phase. It was thought by all concerned 
~hat this work should receive priority. A total of six weeks has 
therefore been spent in organising this aspect. 

An informal workshop course which ~o.nprise1 nin·~ s2ssions was 
run at Nl'H for suitable staff. This was not as s:.iccessful as hoped due 
to lack of suitable equip:nent which ~ant the practical content was 
lo.iv. Consider::i.ble interest was however generated in a small gro~p 
which augers well for the future. 

In this mission all th~ work was done by L"XiDO. 

Details of Internation~l staff are shown in Annex II an1 
Senicr counterpart staff ln Annax III. 

Recommendations 

1. If the Nl'H is to regain any of its form.gr esteem the cleanliness 
of the buildings and its facilities must be improved, and when 
improved, maintained. 

Action Nl'H. 

2. It has been accepted that poor co-ordination ::>etween tr.IDP 
and Nl'H was responsible for the lack ot rrogress of Phase I. 
This is only partially true, a share of the responsibility must 
rest With the po:>r internal eomnunicaticns which exist at Nl'H. 
The man!lgement of Nl'H must rectify this, it Will take time, it 
rill cost money, it is necessary. It should be re.membered that 
they are runr.ing a scientific crganisation with over seven 
hundred employees. The Govt. of India must provide them With 
go-01 modern office and co111111.mication facilities which are the 
tool9 of m~nagement. 

Action by Nl'H and Govt. ot Indh. 

I 
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3. At present there is no centre.I system to ensure that test 
equipment is calibrated at the appr·opriate interv&ls. In an 
organi.5ation like NI'H the aims of which are to act as a 
calibration and test house of national stature there must 
be a central orgauisation responsible for this within NI'H 
with fU:ll audit aut~1..>rity. 

Action NI'H. 

4. The incidence of breekdown and non-availability of test 
equipment is too high. The caus.:ts of this which may include 
po~r storage conditions, misuse, effect of power cuts, or lack 
of maintenance must be determiMd and action tatan. The 
rectification of faulty equipillent takes too long and ways 
must be devised to speed it up., 

Action NrH. 

5. NI'H must make more effort to contact in1ustry anj to inf~rm 
p~tential customers of the facilities available if goo:i use is 
to be made of tham. In short they must sell themselves, they 
mus.; not sit back an:i wait f·'lr work to coma to them. One 
senior officer should be !?;i ven responsibility for this. Some 
thought must be given to goo:! mo.iern presentations which would 
inspire confidence in the client. 

Action !'<"TH. 

6. Co-operation ~etween ~'TH and the UNIDO expert has in general 
been good, however there have been occasions when information 
has only been available after repeated requests. For future 
experts to achieve their objectives there mu~t be a greater 
willingness at all levels to im~~rt information. 

Action NL J{. 

7. Ut«>P to retain title to the equipment supplied to NI'H. 

Action NTH. 

Recom11e.'lll at ions for Phase I! 

1. Nl'H must adopt a more systematic and professio~l approach. to 
the management of the Pro~~~t. Thare must be close control over 
all documentation With any chanies or ?ariants authorised only 
by the Project Co-ordinator. There m~st be good internal 
communications so that there is a clear and completely unambiguoas 
outliM of the duties a::id responsibilities of Nl'H staff concerMd 
with this Project! 

Action NTH. 
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2~ There must be close and e:ifecti ve co-ordination between ~P 
and Nl'H f0r thO successful execution of Phas9 II. Thttre will 
be times when :r-.'TH Will want guidance and advice. As well as 
visits by UNDP to Nl'H Calcutta, it also calls for Visits by 
Nl'H to UNDP i)elhi. At present the Project Co-ordinator is 
not authoristwl to travel by air. It Will be essential for 
effective c-... -ordination 'Jf this Pt"oject that t;1p time an1 
tedium involved in rai 1 travel be reduced by the use of air 
travel. In Phase II the .nort critical job is that of the 
Project Co-ordinator, he must get full support if the Project 
is to succeed. 

Action tThTIP, NI'H 8' Govt. of Injia 

3. With the current frequenr:y of power cuts in Calcutta and the 
intermittent use of standby generators, it is essential for the 
wellbeing of electronic equipment, both existins and to be 
procured, that no damage is caused to the equipment. It will 
not be goo1 enough for professional engin~~~s just to sit around 
an:i talk aboJ~ it, some practical work m~st be 1one, and an 
investigation started to measure voltage variations an~ 
transients. It must take into account periojs when other 
existin5 test equip~ent such as high voltage testers are 
b3i ng u sad • 

Act ion ~"'TH. 

4. The lmIDO fellowships abroad are an important part of Phase II, 
they are equally as important as the supply of ~uipment. It 
is to be noped that the result will be not just a gain in 
experience but that th& fellows will benefit by th'l "culture 
difference" arkl that on their return Nl'HWill benefit. It is 
recommended that during the selection of candidates that sane 
emphasis is given to their personal qualities so that the ~ost 
receptive and observant are chose"' to benefit from the experience, 
On their return their comments and observations should be 
put into action. 

Action NI'H. 

I. ENVIRONMENTAL AND RELIABILI'IY IAB<:&A"ratY 

To assist in illlproving existing environmental and rel:l.ebility 
testing facilities and to extend its scope to meet the growin~ needs 
of i Must ry and science. 

I 
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B. Activities 

Most of the equipment is old and with tr1e exception of the 
UNDP input, is incapable of meet"ill6 the demands imposed by modern 
specifications. 

The aquipment requirements more determined and suppliers wer€­
With difficulty contacted. 

The UNDP input to this laborato'l'y was equi112ent for vibration 
testing of e".ectronic c0i1lponents and equipments, the cost •as $- 25, O'JO. 
Details are shown in All09x IV. The Government· of India input comprised 
a bump test machiM, three environmental test cha.mbers tor heat, 
humidity and dust, and a cold test chamber. These were items from the 
existing aet up and is the equipmerit referred to above. The value 
was $ 11, 000. A new climatic chamber has been ordered by Nl'H through 
the Government of India Plan at an approximate cost of $ 38, OOD, 
delivery is expacted early 1983. 

C. Finjings 

It is considered that there is s~fficient space available in the 
present laboratory to house new e~uipment provided the old equipi11ent9 
are removed. Tha existing area is not air-conditioned or temper:iture 
controlled, this will be necessary otherwise t~ anbient temperatures 
Will be too high for efficient operation of new equipment. It was 
found that NI'H staff were working independently to upgrade the laboratory 
equipment, and one item, the climatic test chamber wa~ ordered without 
any reference to the trnIDO expert. While Nl'H staff are pgrfsctly free 
to 10 this it does indicate a lack of co-oparati~n on their part. It 
would appear that the objectives will be achievPJ by NI'H albett slowly 
without any fUrther need of IDrIDO/UNDP assistance. 

II. FAILlRE ANALYSIS 1ABORATCRY 

To assist and advise on setting up 'Jf the failure analysis 
laboratory in NI'H. 

B • Acti Vi ti:,!! 

An initial report was prepared and issued as Annex I to the 
Preliminary Report of this mission dated 26th March, 1982. It contained 
reco11111endations for space, equipnent and sta!fM (Annex VI). Equipment 

I 
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suppliers were contacted, replies and quotations were received from 
some and recoaaendations of suitable equip:nent made to Nl'H. 

A s:1itable area is beil'.16 converted into a failure analysis 
lat..>ratory in a~cordance with the recoJ1tJ1endations in tfb:t report. 

There has been no mat&rial inp.it by UNDP for this laboratory. 
The Gover·D!Htnt of India have provided space and facilities and i»tond 
to provide equipment and staff. The equip;nents Will be i;.rocured in 
1982-83 through tile Goverrnent of India plan. 

C. Achievements 

The objectives for this S'9ction of the mission have been 
achieved i.e. assistance an1 advice has been given, accepted, and put 
into operation. It Will h=>we~;er be the end of 1983 before the laboratory 
is fully op~rational due to the delay in 6ettit16 equip;nents, it should 
however be capable of fairly simple investigations by early 1983. 

D. Utilization 

It .i.s thought that for electronic com~ont:onts it will take time 
for the work load to build up, at present the work load cannot be 
-estimated. The main item of equipment in the failure an&lysis laboratory 
would oe the scannill.6 electron microscopa (s.e.m.) complete with energy 
dispersive X - Ray attachment for chemical aru.lysis. ~his WO'Jld i>.!::10 

be regarded as a central item for materials investigation covering t~e 
whole field of Nl'H's work, and its utilization would be quite high ~nee 
its capabilities ~eco~e widely known. 

II I • STAFF AND TRAINING 

A. ObJecti ves 

To maka reco::am-sndations or. staff and staff training and train 
counterpart personnel. 

ReeOlJlmendations on selection of staff were made in Annex I of 
the Pnliminary Report of this miSsion dated 26th March 1982. A 
workshop on failure analysis of electronic compon~nts WdS held in 
April 1982. It comprised nine sessions each of two hours duration. 
A copy of the syllabus and course notes are included as Annex V to 
this report. 

l 
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Due to the lack of equipnent arxi the unavailability through 
breakdown of existing equipment, it 1l'&S not possible to do much practical 
work am the "workshop" therefore was mainly of a theoretical nature. 

The workshop started with ten mem!>ers, at the end the rumbers 
were down to six, all of whom had at-cerxied lllCISt of tne sessions. 

C. Achievements 

A few people who had no prior knowledge or experience of failure 
analysis of electronic components were initia~ed into this field. In 
some cases considerable interest was generated. 

There is a danger that if the laboratory is not completed 
quickly that the interest will fade. 

IV. TECfNICAL SK\IIN.\RS 

A. O'::>jecti ves 

To conduct technical sem~nars for specialists in reliability 
engineering and "failure analysis" of electronic co11T,1onent s. 

B. Activities 

This was partially covered by the workshop course mentioned 
in Chapter III. 

A half-day seminar on ''Reliability Testing an:i Failure 
Analysis with particular reference to electronic components' was held 
in Calcutta in July 1982. It was convened jointly by NI'H and th9 All 
India Radio am E!ectrorucs Association (Eastern Zone). The p~ogram:ne 
iS shown in Annex VII. Approximately thirty people attemed, half of 
whom were from out&ide Nl'H. 

C. Findings 

The amount of interest shown at the seminar although not 
excess! ve was encouraging. The use of colour slides was well 
received, and these together wt th practical demonstrsttons should 
form an essential part of any future seminar. 

I 
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V • CO-CRDINATION WITH OI'HER ffiOJECTS 

A. Objectives 

To co-ordinate activities at this project with those of other 
e:id.sting projects in this field in the country. 

B. Activities 

Comments were made in the Preliminary Report of this mission 
tiated 26th March 1982. Little contact was ·lade with otl'lftr organisations 
as th~se are in the Defence field which makes for c:Jifficult communications 
apart from the inherent difficulties which apply to n:>rmal com.nunication 
in India. 

PHASE II 

To advise and assist in the organisation and plannin5 to e!ls.Jre 
its eventual smooth introduction and o,erat~t>n. 

B. Introduction 

In February 1~82 Mr. V. Ivanov, UNIDO Vienna, requested the 
UNIDO Expert to he 1 . ., when~Vf'lr possible With the preparation at NI'H 
i">r Phase II. In May 1982 both Mr. A. Krasiakov and Mr. T .. it. Maakan 
UNDP i>elhi made a similar request in order to avoid the chaotic 
situation which marked Phase I. 

Phase II is bigger than Phase I. 'i'he UNDP inp.it is $1,500
1

000 
ot which $1,007»500 is for equiP1Dent while the training of Indian 
?lationals Will account for $:?94,000. The training Will consist ot two 
study tours by the National Project Di.rector (the Director General of 
Nl'H) and the National Project Co-ordinator (Associate Director of Nl'H) 
each of one and a hall months duration, six study hours by senior 
sciontists for or.e month each, and twenty one TJNIDJ Fellowships for 
working scientists each tor six montt.s. The training W'ill take place 
in Europe and/or the USA. Phase II covers the Chemical, Physico -
Mechanical, and Electrical/Electronic disciplines. The services of 
:to.Jr UN!DO Experts tor e. period of six months each are required. 

I 
I 
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The scheduled date of concnencement is Oct~ber 1982 and its 
duration Will be for three years. 

c. Activih.es 

Tb'! Project Document was examir.ed and a realistic workplan was 
produced. 

Frequent discussions were held With the National Project Director 
which covered all aspects of the !llanagement and organization of the 
project. MsetiDiJS have been held rith Mr. M.J. Priestley, UNOP Resident 
Repres3ntati ve1 Mr. T .R. Maakan, UNDP Progra!llJlle Officer, the National 
Project Co-ordinator and the L'NIDO Exp51rt. A number of aspects of the 
organisation and management -:,f the proiect were discussed. 

To e .. sure deli very of equipment in a reasonable time sca:ie and 
to minimise cost escalation some ~quipment (cost $ 302,000) was ordered 
in June 1982 through L:IDP anj it is expected that by the enj of J~ly l9S2 
another $ 200,000 of equipment will be ordered. 

Several foreign consulates in :alcut-:a have been contacted as 
a source of infonnation for suitable establishments for study tours and 
fellowships. 

D • Fi :"\::Ii ng s 

1.'h9 discussions held with Nl'Fr were fruitful. They highlighted 
a number of weak breas which must receive attention. It is the 
considered opinion of the UNIDO expert that the time spent doi?l6 this 
has been well wortmrhile, and as a result 1t is thought that Nl'H will 
now be able to organise and execute Phase II in a reasonable manner. 

I 
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Annex I 

Fellowships awarded 

Awarded to Mr. B.P. Gh-:>sh, Joint Director, Nl'H, in Novewber 1977. 
Field of study was environmental and nliability testing of electronic 
components and equi~nts. This was done in the United Kingdom for two 
and a half months from March 1979 to May 1979. 
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International Staff 

UNIDO Expert - GEOFF BONE 

British 

Expert in failure analysis, environmental and 

reliability testing of electronic components. 

mi!DO service 31st JanJary 1982 to 30 July 1982. 

I 
I 
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Senior counterpart staff 

National Test House 

Annex III 

Dr. S.R. DAS 

Director-General 

Applied Physics 

Joinej NrH as Director-Genoral 

in December 1979 

was Nation3.l Project Director for Phase I. 

;m. R.P. GHOSH 

Joint/Associate Director 

Applied Physics 

Joined Nl'H 1962 

Was National Project Co-ordinator 

for Phase I. 
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Ann9X IV 

Equipment provided by UNIDO/UNDP 

The 111ajor item supplied in connection Yi.th the work of this 
mission was -

Sine wave Vibration testing and aeas:Jrement equipment 
7 

manufactured by Bruel and Kjaer, Dennark. 

The approximate cost was $ 25, 00.J. Ths order was place-J 
by UNIDO September 1977 ard delivered Calcutt a June 1978. 
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Annex V ---

WQUSHOP ON FAILtRE AN\LYSIS OF E!ECTRONIC 
COMPONENrS 

SYLIABUS ----

April 1st 1982 

Introduction 

"The application of failure analysis 

The basis of failure analysis. ~Iaterials 

Interaction betwee.n these materials 

Tha effe~t of ab~va on ~lectrical parameters 

April 5th 1982 

Techniques of failure analysis 

Examples of failure ~odes and mechanisms 

April 7th 1982 

Introduction to electronic compo09nts 

April 12th 1982 

Techn:!.ques of opening comp~nents. 

April 14th 1982 

Electronic component families 

April 16th 1982 

Electronic coaponent fallilies (contiB.ted) 

April 26th .1982 

Simple electrical measurements 

''Reverse" eneineertng of int es rated circui ta 

.: •• (ii) 

1 
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(ii) 

April 28th 1982 

''a.everse" engineering of integrated 
circuits (continued) 

April 3oth 1982 

Factors affec~ing component reliability. 

1 

I 

I 
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Annex V (contd.) 

W<RKSHOP ON FAILtllE ~L"lSIS OF EIECTRONIC COMPONENI'S 

Introduction 

The pirpose of the initial part of the Workshop is to provide 
a gentle introduction to modern electronic components. The approach 
taken 'l'ill be to describe them in tel"!llS Of materials am their 
cOGlbinations rather than by their electr.;>nic functions. This is the 
best approach for a 11r.i lti-disciplinary groo.1p as it pro"!i.des a good 
materials background for the electronic speciali~ts whtle supplyinh 
a gradual exposure to simple electronics for the non-electronics 
people. This workshop is not perfect nor complete, it is designed 
around facilities currently available in tha Kational Test H0'.1se, 
Calcutta. Later parts of the course will deal with the techniques 
of Failure Analysis starting with simple visual examination and basic 
electrical measurements then jealing "Nith some of the more sophisticated 
techniques. 

O'irer the last 30 years the Electronics Ind,1stry has s~en an 
increase in the complexity of both components anj equipment, an increase 
in packifll density, and in m~re exacting requirements. All of these 
deman~s can be met but normally at ·thg exp~nsa of decreased reliability. 
However there has bean a parallel deman1 for increased reliability. Cn 
the whole all of these dE..nan1s have been satisfied. This has been 
achieved by many simultane:>us impr~ve.uents in different fields, e.g. 
there have been better anj ~leaner manufacturing facilities, there has 
been an awareness of the importance of environmental test facilities 
(reflected in the sophistication of mojern component spacifications), 
the introduction of S9mi-conductor technology has resulted in lower 
voltage and temperature stress levels, and the replace' .9nt of analogue 
by digital systems are just some of the contributions which have helped. 
Above all howevor has been the availability of high quality ar.d more 
reliable electronic components, 

In the 1950's discrete electronic components were evaluated 
by subjecting the components to "the applicable standards am by large 
scale life tests. Failures were often rejected withO\Jt turther 
investigation and there was a general feeling that some failures were 
inevt.table. Indeed some Quality Assurance GroJps went to great 
length to show statistically that there •OJld be always be some 
failures and that this woJld have to be accepted, 

In the 1960's the integrated circuit became available in 
quantity and it ns soon apparent that the previous approach of large 
scale testi~ was not econo~ically Vi.able and a new approach was evolved. 
This resulted in the introduction of step-!ltress te:stin& where a 

1 
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smaller number of components were successively tested at increasing 
·temperatures until failure occured. It was at this tims that Failure 
Analysis as ~3 know it today began. It was introduced on both 
economic and :reliability grounds. Failure Analysis of defective components 
revealed tile failure mode e.g. cracked seaiconductor chips, metallisation 
defects, broken bonds etc. This approach was by necessity a post-mortem 
operation. The speed With which integrated circuits evolved from Small 
Scale Integration (SSI) to Medium Scale Integration (MSI) to Large Scale 
Integration CISI) meant that a new approach had to be used. In failure 
analysis there was an evolution too, thi.~ was in "sponse to a demand 
that it should be PJSSible to forecast the possible causes of failure 
enablill6 their elimination. This was achieved by the failure ;nechaniSlll 
approach, this uses a model which accounts for the chemical and physical 
changes that take place in the component resulting in failure. 

At this stage it is useful to define some of th~ terms used in 
this field. Failure Analysis is the name given to the systematic 
investigation of an item to determine the particular failure mode (cracked 
sa:nicon::luctor chip et:c. ). Tha means by which the failure mode occurs 
is the failure mechanism, this may be for example, the!"!llal stress 
causing a cracked semiconductor c~ip). The overa~l nal!le given to what 
is now a recognised disciplina is Reliability Physics, anj its aim 
is to p~vide a sound p~ysical base !Or understanding the degradation 
processes that occur in ele~tronic components and so ~ausc poor 
reliability. 

The application of failure a~~~!_ 

The usefulness of the results of a failure analysis investigation 
will vary between compon9nt marr.Jfacturer and the component user. To a 
component manufacturer the determination of fBilure mechanisms in his 
products will enable him to, 

1. devise more effecti w process controls and screening methods 
to improve both yield an1 pgrformance; 

2. Gain valuable backgra.Jnd experience for the modification of 
existilli products am the development of new ones; 

3. calculate failure rates with confidence over a wide range of 
stress-time conditions; 

4. predict the reliability of a component during the design 
stage. 
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When the detenaination of fail:ire JD9chanisms is done by th& component 
user, they will enable him to distinguish between, 

1. components made defective by his own design faults; 

2. components m&de defective by his own mishandlitli and 
assembly faults; 

3. defective (or potentially defectiY8) eo11ponents being 
supplied to him by a componeut •nufacturer. 

He is trus able to :1eterm:i..ne the caus9 of failure am to al:.ocate 
responsibility for it. 

It sho:ild be no"l.ed that failure analysis investigations are 
often carried :mt on ~ood components. Different man·.ifacturers of an 
identical item (or item3 meeting identical specification) can be 
compared, this often re"V-eals mrlred differences which coui.d affect 
their lon6 te~ reliab ~ 1i ty. 

The 'Baeics' of failure analvs!! 

This consists of a kn~wledge of: 

1. Materials and processes used in the manufacture of 
electronic components. 

2. The interaction between these materials durin6 manufacture, 
test, storage, and service. 

3. The effect of the above on electrical parameters. 

4. A knowledge of investigation techniques. 

1h:a11ples of materials used in electron!.c canponents are -

Matals - used for electrl.cal conduction or resistance; 

- u99d for their thermal conduction properties; 

- used for their m9chan1cal/structural properties; 

e.5. in the packaging of componenta. 
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Ceramics - used for electrical in!kllation, especially at 
high temperatures, 

- us'9d for good thermal conduction, 

used for their dielectric properties, e.g. in 
capacitors, 

-. used in packagill6. 

Plastics - used for electrical insulation, 

Other 

- uS9d for their dielectric properties, e.g. 
in capacitors 7 

- used in packaging. 

Carbon, used for conjuction in resistors and 
capacitors, 

- Silicon for semiconGuctors, 

- Silicon :lioxide, :ised for electrical insulation 
and protectiop p~rposes, 

- Pap~r, used in capacitors, 

- Liquids, sulph~ric acid is used in cap.3.citors, 
some organic liquids used as impregnants for 
capacitors. 

Interaction bdtween these _!!aterials during: 

Manufacture 

Test 

- the most cOlllillon cause of interaction is the effect of 
heat. Some reactions such as 1i ffusi on between two 
dissimilar metals which Will be extremely slow at room 
temperature wt 11 be accelerated at a higher temperature. 
Apart from chemical reaction there can be mechanical 
stre1s caused by differenti&l expansion caused by heat. 

The effect of pressure can be a probleU'. It is known 
that silicon is a brittle matorial, in semiconductor 
manufacture excessive pressure during the thermocompression 
bonding of gold w:Lres to the silicon chip may cause 
cracks, these ;rtll be prop~gated by heat. 

- applied voltage may trigger some electrolytic action, 
e91Mcially if there haw been errors in the proceuing 
e.g. inco;iaplete cleaning a:fter chemical reaction!J. Often 
tn these tests a 1111ch higher voltage than the n')rmal 
rated volta1e is used. This 'ligher voltage may initiate 
dielectric breakdown •hich may cause subsequent failure 
of the component. 
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- the effect depends upon the 9torage conditions. If 
moisture is present together With a cha~e of temperature 
(e.g. heating during the day and cooling at night) this 
can cause moisture related problems of corrosion. If 
the cOillponents are not hermetically sealed moisture 
iD6reSs is possible leading to failure when a subsequent 
voltage is applied. 

- in service the component Will experience variations in 
voltage, extremes of te;np-aratures, humidity, vibration, 
shock, variations in air pressure. All of these may have 
some effect on the co~binations of materials which 
comp:--:se modern electronic ca.nponents. 

The effect of the above on elec!ricai p~rametars: 

The result of interaction between materials is to ultim!ltely 
affect the way in which electricity is affected in the con:iuctive 
and resistive modes. Excessive interaction will result in the failure 
of an electronic co~p.:ment and this Will usually fall into the folloWing 
categories : 

Degradational failures, where a gradual change in ele~trical 
properties occurs with time, this may be either a P?Sitive 
or negative change. This may be due for example to the 
oxidative effect of hel!lt causing changes in resistance through 
removal of a conductive material and due to an electro-chemical 
reaction remoVing tiny amounts of a resistive film. Degradational 
changes in semiconductors can be caused by the interaction of · 
small quantities of surface contaminants which have an advance 
effect on such parameters as leakage current. 

Catastrophic failures, these are usually indicated by either 
openc!rcuit or short circuit conditions. Scme examples are, 
poor wetting of the chip attach alloy in power transistor 
chips which results in poor thermal conduction r&S'.llting in 
overheating of the chip and eventual electrical , hort circuiting. 
Electrical overstre9s can cause metallic electromigration 
leading to both short circuit and open circuit depending upon 
whether metal is deposited or removed. Other examples are the 
effect of beat on the reaction b..tt•en gold bonds on aluminium 
bonding pads o! sni-conductors. The resultant porous alloy 
known as 'plague' can result in the failure of the bond joints 
ca1Jsing an open circuit condition. 
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It should be by now clear the contribution each disciplin9 
can 111&ke to a failure analysis group draWing upon their own spacialist 
knowledge. It cannot be s1:1phasised enough that · ..,e and time again 
the good failu.t"e analyst has to go back to ''-..:asL "Id ask very simple 
questions such as "what happens when I heat/cool j r does it 
effect the expansion, dielectric properties~ surfa .1sion, -viscosity" 
and so on. In failure analysis basic simple questi l1ke these have 
to be continually asked~ they are essential. 

Techniques of Failure Analysi!: 

It is important that this investigation is carried out in 
a methodical mann~r flith a logical sequence of events, wlth as m1ch 
information as possible being extracted fro:n each step, and destructi va 
steps left to the last. 

A typical approach to a semiconductor defect investigation is 
shown below - it is also with modifications applied to passive components. 

a) Before anything is done as much information as possible 
sho;.ild be gathered regarding the defect, its previous 
history, how long it has been in service, the way in which 
it ,.,as used, how was the defect detected. 

b) ·The defective component should be visually examined, for 
obvious signs of damage. poor workmanship, contamination. 
All markings such as date codes ate. should be recorded. 
A low power stereo-microscope up to x30 is ideal for this. 

c) The cO'allponent should be X-rayed at this point - this Will 
in the case of gold bond wires, show loose bond Wires, crossed 
bond wires and also voids in the gold-silicon alloying 
beloir the chip. Other defects may be indicated such as 
the presence of foreign matter. 

d) A preliminary functional electrical measurement is carried 
out at this stage to confirm the fault o This may be done 
using both automatic test equipnents or fairly simple ones 
such as a curve tracer. At this stage, it may be necessary 
to use both high and lo'f1 temperature or other enviromental 
conditions to simulate original equipai~nt conditions and 
so reproduce the fault.. l'tbch useful information is obtaine1 
at this stage, e.g. is it a catastrophic or degradation 
fault, is it intermittent, temparature or shock dependent. 

There are differing opinions regarding which should be done 
first, the X-ray or the fUnctional test, With good arguments 
for either side. 
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e) The next stage is to check the semiconductor package for 
hdrmeticity~ tor both gross and fine leaks. The presence 
of a leak would indicate the presence of moisture in the 
package with adverse effects on the aluminium metallisation 
of the chip. 

f) At this point if suitable equipment is available a PINO 
examination is dona. This is Particle Impact Noise Detection 
and is a method for the detection of loose particles inside 
the package. The component is m~~nted on a shaker (1-lSg, 
14-60 ffz) and as the particle hi ts the case high frequency 
(100 kffz or high~r) stress w~ves are ~enerated and detected. 

Also at this stage a Residual Gas Analysis may be jona 
to est'lblish the nature of the atm-:>sphere in the package, 
and hence the type of any contaminant which may be present. 

g) Jpaning the co.nponent, IC packaging falls into three main 
types, round :netal can:s, ceramic packages and plastic 
encapsulated devices. The m~tal an1 ceramic are to be 
found in military or professional quality c~~ponants, and 
plastic for tm commercial ones. 

The ro;..ind metal cans, e.g. T0-5 can be openad by holding the 
can in a small bench style lathe and cutting the metal with 
a hncksaw. The metal cover on metal-ceramic dual-in-line 
packages is conveniently removed by caraful grinjill6 usin& 
wat and dry paper. 

Ceramic dual-in-line packages are opened either by careful 
grinding of the cover or by cracking the ceramic adhesive 
with a sharp edge, i.e. by a sudden shear shock. 

Plasttc packages provide the greatest challenge for the 
investigator. Many methods exist ranging from hot fUaing 
nitric acid to various solvent blends. Thermal deco.nposition 
of the plastic may be used. Ho~ver the te11199rature at 
which this happens is about 400 C therefore on silicon chips 
With gold bonds "plague" will be present. A possible met nod 
being im.estigated is that of Plasma Etching, which has ·~he 
advantage of low temperature thus avoiding "plague". A 
thermal shock metD:>d has been used which has been quite 
success:tul. 
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h) After openi~, the chip is v:&.s•.ially examined, first Wi.th a 
low power stereo microscope up to x40 magni.fication for 
bond integrity~ s~unjness of alloying between chip and 
package, and for the presence of obvious contamination. 

Higher p.'.>wer examination is always done with a !lletallurgical 
o11icroscope With illumination thro' the objective lens "nd 
normal to the chip surface. The chip is examined for such 
defects as cracks, metallisation faults and such signs of 
electrical stress as flash-across-shorts and open cir~uits 
in the metallisation. 

At this point it may be appropriate to exa!!!ine the de1;ice 
using a Scanning Electron Microscope. This has the advanta~e 
over the optical microscope of much higher magnification 
an'i also greatly incraased depth •)f field (up to x:30J oetter). 
When coupled with che:nical analysis equip.nent such as an 
X-ray energy dispersive sys: em, minute quanti.t ies ·)I 
contaminants can b~ detected. 

i) If precise micro:nanipulators are available it is possible 
to isolate particular parts of the chip for electrical 
meas•.iremant. Th-3se instruments are fitted With a 
metallurgical microscooe which has special long working 
distance oojectives. 

j) At this stage it may be necessary to remove some of the 
d~fferent layers on the chip and to follow this up by 
etnhing of the surface. This will reveal the differen·;. 
n and p areas of each individual transistor on the chip. 
If all the stages of this work have been photographically 
recordad it makes the work of identification and unjerstandi06 
of the device much easier. 

k) Finally, it may be necegsary to section the device to show 
diffused regions or bond sections. 

There are a number of specialised techniques available which can 
be used at the appropriate time. These include the use of Infra-Red to 
determine voids in the alloy1.ng between chip and case or crystal 
dislocations in tne chip. 

Liquid crystals have been used to indicate temperature 
variations across the chip. 

The previous notes indicate the depth of investigation which 
may be necessar-; to obtain suf!icient information to obt111in the correct 
failure mechanism. 

1 
I 
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Examples of failure modes and mechanisms: 

A number of examples covering different aspects of a range 
of electronic components will be discussed, including the followtng: 

Power transistors, diodes, ceramic, polycarbonate and 
tantalum capacitors, and integrated circuits. 

Introduction to Electronic Components: 

At this stage we can regard electronic components as just 
com0in~tions of materials which have a particular effect upon the flow 
of an electric current. Some will conduct it easily, others will 
resist it to a greater or lesser extent and· some will show a tendency 
tc store it. Com::d.natio:is of materials have been designed which can 
switcn it or amplify it. We can therefore at this stage define an 
electronic component simply as "a combination of materials in a 
suita,ble package which will give a desired electrical pierformance". 

In order to avoid what COJld be a chaotic situation with 
different component manu~acturers producing different pr~jucts of 
varyin6 size and perforr.iance, standards and specifications for 
components were agrer'"'d upon, usually by committees co111?rising 
representatives fro•n both manufacturers and users. Such bodies 
are the Indian Standards Institute, the British Standards Institute, 
am the International Electrotechnical Conunission. The purpose Of 
such staadards is to ensure interchangeability of components from 
different manufacturers and to provide an appropriat., level of 
quality and performance. There are basically two leveb o: standards 
of performance, one :l.s the ordinary or commercial standa~, the other 
is a professional or military standard capable :>f withstana~ ~ the 
greater demands made by the more vigorO'..is comi tions of use. There 
is generally only one component specification to cover both levels 
o! components, the professional and military types are subjected to 
more tests and a higher level of screening particularly environmental 
testing. 
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As stated above the purpose of specification is to ensure 
a uniform and "appropriate" level of quality and performance. Note 
the use of the word appropriate. Confor:nance With a specification 
does not guarantee a perfect product, it only promises a good 
probability of "fitness fo;;.• use". These last three words :fo:rm the 
best and simplest definition of quality, and is a littla simpler 
than "the totality of :features which bear on a product's ability 
to satisfy the requirement" which is the official European definition. 
Some people often confuse quality with reliability. The definition 
of quality makes no reference to the performance of the ite:n With 
time. When we talk about an item being reliable it implies fitness 
for use over a period of time. The BS 4778 definition of reliability 
is "the ability of an item to perform a required function under 
stated conditions for a stated period of time." During the course 
of its life an <}lectronic component Will encounter a 1;ariety of 
environmental con1itions, e.g. heat, cold, humidity, low air 
press~re, vibration, shock, as well as thd n~rmal handling involved 
in equipment man~facture such as solder h~at anj cleaning solvents. 
The main protection against such hazards is good basic design of the 
componant, careful choice of suitable materials, and by th~ correct 
choice of packaging. 

Recent years have seen an increas9 both in tt:e sever{ty an:! 
num~er of environmental tests which are included in the electronic 
co.illp::m~nt specifications. This reflects the Wider use of elec cronic 
equipment for outside purposes. The normal approach is to have a 
general environmental test Sl19cification covering the whole range of 
1ifferent environ'Dents with different degrees of severity for each 
test appropriate to the different levels e.g. commercial or military. 
For situation'where highly reliable components are required e.g. in 
space application, a number af additional screenin& tests are 
instituted. Some effects of environmental testing are shOTn in 
Table No.1. 

Technigue.s of opening components 

When opening an electronic component for investigation it is 
important that the least amour:.t of damage is done. The technique used 
will obviously vary With the particular packaging style. The follOWing 
list 5hows the range of packaging which may be encountered, 

resistors and capacitors plastic encapsulation, 

hermetically sealed metal cans. 
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plastic encapsulation, 

hermetically sealed metal cans, 

glass 9ncapsulation. 

plastic encapsulation 

hermetically sealed metal cans 

hermetically sealed ceramic 

It rill be seen fl'Olll the above list there are three basic 
types of ccmponent package, each of which presents its own openit16 
problems, plastic, metal, and ceramic. 

TtB hermetically sealed metal can is easily opaned by cut:ing 
open With a fine metal saw or cuttill6 open using a lathe. It may 
sometimes be n=c~ssary to grind it open using grinjing papers. Care 
shoJld always be taken to avoid the interior of the compoh9nt being 
fill&.! With abrasive debris. Generally speakin6 it is better to open 
a metal can by a tearill6 action rather than by a grinding action as 
less loose particles will be produced to contamiM.te the component. 
In the case of tra.nsisters and integrated circuits the cut should 
be ;nade as close to the bottom flange as possible. This will enable 
the whole can to be remo~·ed Withoat damage to the semiconductor chip 
and:. more important, it enables high magnification microsco;>e ol.jective 
lenses (which normally have a very short we,,rking distance) to be brought 
cloS& to the chip surface thus enablill6 high magnification Observation 
to be made. To ~pen 1ual-in-line (OIL) ceramic packages With metal 
lids the normal approach is to grind away the metal lid until it is very 
thin. It Will be found that as the metal o! the lid gets thinner it 
will ''bow" and the outline -of the chip cavity Will easily be seen. 
This is the convenient time to puncture the lid with a sharp point 
(e.g. a scalpel blade) and the lid can be easily peeled away (a tearilli 
actio::i). The principle of this technique can be successfully adapted 
to a number of metal packaged component. 

A similar grinding technique is used With ceramic packages. 
With ceramic DIL packages it is possible to :>pen them using a quick 
shearing technique between top and bottom parts, this meth~ however 
always result in damage to the bonds and occasionally to the chip 
iteelf. It may be useful as a quick method of opening if the only 
objective is to check metallisation geometry etc., but for normal 
failure analysis it is not recanmended, careful grinding although it 
may be tedious is the only way. 

1 
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Effect 

Mechanical stress due to contraction Will smw 
poor adbesi.on and bonding 

119chan1cal stre~s due to expallS'ioo Will shOll' poor 
adhesion and bonding. .Uso thel'll&l interaction 
of mate:;.~al.s. 

Temperature cycling Will expose package sealing defbcts~ cracked se~i-
(Rapid change of beat) co~uctor chips and substutes1 also poor bonding 

and adhesion. 

Damp heat 

Shock an1 bump 

Vibration 

Acceleration 

Mould growth 

I.ow air pressure 

Soldering 

Resistance to 
cleaning solvents 

Flammability 

Sealing defects in packaging will alloir 
penetration of moisture to ca"..ls~ corrosio:i. 

Will expose p~or mechanical design and 
workmanship. 

As for shock and bump, ~t ca~ however be much 
more searching and dama~ir.~. 

Exposes poor adhesion and weak bonds. 

The supporting of mould groirth could cause 
short circuiting in humid conditions between 
components or conductors. 

~tgassing of volatiles may occur. 

The heat o:t soldering will include rapid 
ttierLal stress. 

Will determine the effectiveness of package 
sealing and marking 

Will determine if a potential fire hazard 
exists. 
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Tte plastic encapsulated OIL components present the greatest 
challenge to th6 analyst. As the plastic used is usually an epoxy­
novalac {very highly crosslinked for high temperature stability) or 
a silicone material, tbe choice of solvent is very 11.aited. A DWllber 
of claiias are made for proprietary aixtures of solvents but in the 
autb>r's experience they are not really satisfactory. Ef:tective 
solvents are either hot fulling nitric acid or hot concentrated 
sulphuric acid, the latter being the more easily handled and just 

0 .') 
as ef:tective. At temperatures of 220 - 230 C a brief immersion in 
concentrated sulphurir. acid for about 20 seco~s Will remove 
approxillately o.oos" to o.008" Of epoxy. It is the1"9fOre best to 
remove most of the plastic by dry gri~lding until only this thickness 
re:nains, or until the metal bonds appear in the r9sln. It is important 
to keep both the component and su1phuric acid co:npletely free from 
traces of moisture otherwiss corrosion of the aluminium metallisation 
Will occur. Another technique is to oxidise th9 resin '!:>v he9.tin~ 0 . ...,, 
in air at 40J C for one to two hours, the resin rill be c:irbonisad 
then oxidised leaving behind the inol'6anic filler which can be gently 
brushe-J away. The disad\>antage of this method is if gold bonds 
and a1uminium ~etallisation ara present then Kirken~all rdaction 
on "pl.ague" Will occur between these metals. This may mas': any 
preVious resction which may have been the original cause of failure. 
A better and less harmful t~chnique is to usa a plas:na etch process. 
It is done at normal te!llperature s:> "plague" is not induced (it only 

;,) 
oc~rs over 220 C ). The process is slo•, it takes about tW\l days, 
however it is generally accepted to be about the best method for 
most investigations. Its principal disativantage is the probable 
effect on any contamination present on the chip surface. A recent 
method which allows investigation of freshly exposed surfaces is by 
the use of a thermal shock prucess. By a careful grinding preparation 
the point is reached wbe"o a few seconds heating of the metal lead 
frame on a hot plate (300 C) ~11 result in thermal stresses causing 
a separation of the semiconductor chip from the adjacent plastic 
encapsulation. It is a good method when Sl.lrface contamination of the 
chip is involved as there is no further contamination durtni the 
investigative process. It results in two clear surfaces ready for 
examimtion. one the semiconductor chip and the other is the moulded 
surface impression of the chip in the resin. The latter Will resolve 
all the surface details of the former. It has the disadvantage that 
it removes the bonds so that subS'9Cf.J&nt electrical tests are not 
eu!ily done. 
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Electronic CO!pODant families 

The similarities and differences of a range of components Will 
be discussed togcttber With typical failure moues. These will be S9lected 
frOm : 

Resistors, fixed carbon film, metal oxide, metal film 
wirewound, cel'lllitt. 

Resistors, variable - as above. 

Capacitors 

Diodes 

Transistors 

- mica, paper, ·plastic film, ceramic, 
tantalum. 

SCR's, whisker type. 

Small signal, power. 

Inte~rated circuits - lingar, digital 

Hybrid circuits "thick and i:hin film hybrids 

A rr.JJDber of previously prsp~red examples including sectioned specimens 
and photographs wtll be examined. 

Important features of compon9nt construction 71.ll be discussed 
includiil6 for example, dimansionlll differences in the construction an1 
subsequent thet'lllal dissipation of power transistors, the variation in 
geoaetry of the same type of integrated circuit made by different 
manufacturers am the effect on their reliability. Exal!lples of 
thick and thin film hybrids will be available and their manufacture 
described. 

In this section the emphasis rill be on describing failure 
modes and showing how a knowledge of the component materials and their 
properties and interactions can lead to a deduction of the failure 
mechanism. 

l13't will be made oa a metallurgical microsr.cpe !or enmination 
of speci!llens. 

Simple electrical measurements 

These will be done on a variety of components and will depend 
up?n the availability of equipment. 
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"Reverse" engineering of integrated circuits 

In silicon integrated circuit manufacture after the diffusion 
stages there are a number of steps in the process which involves the 
intercormection of the diffused regions by metallic tracks and the 
deposition of inS1.1lating and protectiw layers of silicon dioxide, In 
failure analysis of integrated circuits there are occasions when it 
is necessary to chemically l'Slove these layers in order to expose the 
diffused regions of the integrated circuit chip, The difference between 
the 1 n 11 and 'p' regions can be visually emphasized by use of a suitab1e 
chemical etch which idfferentiates between the n and p doped si1icon, 
This process is otter. referred to as "reverse" engineering, If each 
stage is recorded photographically it is possible to superimpose a 
tracing of S!ly the fully etched dt ffused r9gions on top of a photograph 
of the normal metallised chip using tracing paper on melinex overlays, 
If a circuit diagram is llvailable it helps towards a full understanding 
of the arrange?Dent of the cir~ it • 

Tha use of this technique will be demonstrated, and samples of 
identical integrated circuits will be progressL-ely etched so the 
various stages can be examined With the metallurgical microscopa, 

Factors affecting cO!llponent reliabilj~y 

The curve shown in Figure 1 is the plot of failure rate (A) 
against time, It is cO.'llDloni.:;- known as the "bathtub". This curve 
applies equally to .mechanical or electronic equipnent, It is self 
explanatory; the early lile failures give a failure rate •hioh is 
meaningless as it is normally decreasing rapidly. These early life 
failures are the ones effective screening tests 11'111 detect. The 
use:tul life fran t 1 to t

2 
has a constant failure rate and this is 

the one used in reliability calculations. It is usually expressed 
as percentage failures per 1000 hours. Another way of expressing it 
is Mean - Time - Between - Pailures or Ml'BF., this is ext)ressed in 
hours and is the reciprocal of the failure rate., 

In Figure 2 we have a diagram showing a typical integrated 
circuit and various aspects of the component which have an effect on 
the reliability are shown. They will be briefly discussed 

Marki~ This is a ..?eature many people take fer :iranted. The 
marking should be permanent, resistant to solvents, 
and should W1 thstand normal handling. It tolls us a 
great deal about the component., who makes it., whether 
it is military or conmercial grade., when it 1t'&S made, 
and also if it has been subjected to special screening 
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tests. This is vital in formaticn when a faulty 
co:nponent in an equipment has to be changed. 

Applicable tests are a vis•.ial inspection, and 
resistance to cleaning solvents. 

a ceramic or metal package will provide the best 
protection to a semiconductor device. A pls.stic 
package trill not give a hermetic seal, and moisture 
Will always penetrate. It Will do this becaus9 of 
thermal misnatch between the plastic encaps~lation 
and the metal leads will cause minute gaps to open 
up ~etween the leads and the plastic. 

Applicable tests are temperature cyclin61 and leak 
tests, 

The sfficacy of the glass seal of a ceramic package will 
obvio-.Jsly effect the hermeticity of the device, The 
leads are normally made fro~ Kovar alloy, a cobalt-iron­
nickel alloy which allows a close wat~h in exp~n~ion 
characteristics with glass to avoid stress. 

Applicable tests are again temperature cycling and 
leak test3. 

they should be of a metal which is compatible With 
the package system used, they must not corr.ode, and 
should be capable of easy soldering even after a 
prolonged period of storage. If not then poor soldering 
which g1 ves rise to dry joints may oceur, which will 
cause unreliability, 

Applicable tests are s~ld~rability, 

This material has to conduct both he:s.t and electricity 
well. If voids aro pres'!nt then the dissipation of 
heat ill decreased and there is the danger of overheating 
with subsequent failure. It also has to be capable of 
withstanding temper&tur.e cycling, shock, vibration, 
Gold-silicon alloys and silver loaded spoxy resins are 
the main ones used altht>ugh soft solders are used for 
some power transistors. 

Applice.ble tests are temparature cycling and acceleration. 
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An~x V (contd,) 

during processing of the waters and subsequent dice, 
cracks are somet:lllles produced. Temperature stress can 
propagate these cracks causing failure of the circuit. 

Applicable tests are visual eDJDination, temparature 
cycling and acceleration. 

faults S'.lc!i as narrowing of the metallised cracks through 
!llask faults and mechanical scratching can caus'l high 
current denslty in the tracks and subsequent electro­
migration leading to an open-circuit. Short circuitiOJ 
between two adjacent metallised tracks is s~metimes 
en::ountened. 

Applicable tests are visual examination, electrical tests 
and burn-in. 

a~y contamination present is an obvious ~eliability 
hazard, ionic contaminants give rise to surface leakage 
proolems, also corrosion of the metallisatio·u. ;\foisture 
can have the same effect. 

Applicable t.ests ~re electri~al tests, 

'f;he obvious fault is "t:hat they may be too close and 
may be a little too long, and under conditions of 
vibration two adjacent wires may actually touch, They 
should of course be physically robust enough for 
with.stand all the environmental tests, 

Applicable tests are visual examination, and X-ray, 

This is not a comprehensive test but it illustrates sQ.lle of 
the many factors which can influence S9!111conductor reli•bility and 
shows how defective components can be screened out, 
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Annex VI 

Project documentation 

A Preliminary report was issued by the UNIDO expert after 
six fteks at National Test House., Calcutta (26t>i March 1982 >. It 
dealt with the general situation at Nl'H, and the situation in relation 
to the job descripti~n. Included as an Annex were the requireiDents 
for the Failun analysis laboratory at Nl'H in terms of space., 
facilities, staff and equipment. 
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Annex VII 

SHtRT SEMINAR ON RELIABILD'Y TESTI?«i & FAILURE 
AN.~LYSIS WITH PARTICUIAR REFEREI'CE TO ELECTRONIC 

COMPONENI'S 

(Convened jointly by Nl'H, Calcutta and AREA ( E. Zone) 

PROGRAMME 

Venue Lecture Hall of National Test House, 
Calcutta. 

22nd Ju !I._1982 

2.00 p.m. to 2.15 p.m. 

2.15 p.m. to"2.30 p.m. 

2.30 p.m. to 3.30 p.m. 

3.30 p.m. to 3.45 p.m. 

3.45 p.m. to 4.30 p.m. 

4.30 p.m. to 4.50 ?·•· 

4.50 p.m. to 5.03 p.m. 

5 .05 p.m. to 5 .lo p.m. 

Welcome Adjress by Dr. S
0
R. D~s, 

Director General, National Test 
House, Calcutta. 

Address by Shri S .P. Ka.p•.ir, 
Hon. Secretary of the All India 
Radio & Electronics Association 
(E. Zon9), Calcutta (AREA) 

Address by the Prin-=ipal Speaker, 
Mr. G. Bone, the U.N.D.P. Expert 
on the subject. 

TE A B -a EA K 

Address by other speakers from Nl'H, 
AREA (E. Zone) or any other Institution 
and Organisations. 

Informal Tech&1ical Discussion 

8'1111ming up of all the Technical 
Talks and discussions ~Y Shri B.P. Ghoah, 
Jt. Director, National Test fbuse, 
Calcutta. 

Vote of Thanks by Shri B.C. M..tkherjee, 
Deputy Director (Electronics), 
National Test fbusa, Calcutta. 
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