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RELIABILITY AND MAINTAINABILITY CONSICERATIONS FOR NDEVELOPING
COUNTRIES INTERESTED IN THE MANUFACTURE OF LOW COST RADTO AND
TELEVISION RECEIVERS

SECTION I
INTRODUCTION

The developing countries are presently in a difficult position
vith regard to the reliability and m:intainability of low cost radio
and television receivers, 7This is primarily because of three facts:

l. Ll2:k of trained »eorie

2. Need to produce icw cosf receivers

3. Rapidly advancing technology

The lack of sufficient trained personnel muke it impsrative that
the receivars have long failure frce lives. This means that the de-
sign must be optimum, the craftsmanship flawless and the parts of
high quality. These items tend to raise the cost of receivers and
therefors must be carefully balanced against the necessity of pro-
ducing low cost receivers that can be afforded by the market that
this UNIDO program is aimed at, namely rhe genaral populatiom of the
developing nations.

The problem is further compounded by the rapidly sdvancing teche-
wology from tubes and transistors through complex integrated circuits.
Other parts are also changing but not as dramatically. Soms changes
are to reduce coets and some to improve quality, and some do both.
Mowever, in any case changes can affect reliability and maintatm-
ability by altering the: basic failure mechanisms for the devices.

The problem of selecting the lowest cost parts, desiga etc.
that will do the job is a tough enough problem for developed coum-
tries, bt for developing countries this task borders on the ime
possible. Ia order %o succeed in producing the lowest cost radie
ond television receivers that will do the job, reliability and
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maintainability principles and practices must be employed.

Some basic areas of reliability and nain:ainability concerning
the manufacture of low cost radio and television receivers along
with some suggestiong jav tuture courses of action will be covered

in the following secticns,

SECTION 1T
BASIC RELIABILITY AND MAINTALRASITITY CONSTDERATTIONS

2.1 REQUIRED RELIABILITY

In order to make the proper “trade-off" between original cost
of the receiver, the performance that will satisfy most users and

the maintenance resourcegs available certain bagic calculations must
be made.

Perhaps the best place to start is by predicting the reliabilicy
of & receiver or receivers that will meet the performance specifica-
tions eet up by UNIDO or some other acceptable source. This is done
by obtaining a list of failure vates for the irdividual piece parts

‘making up the receiver. Such a list is shown in Table I. The
failure rates given are expressed in the probable number of failures
for a Part type in one million hours of operation. The assumptiom
for the data in Table I is that the parts are of a good commercial
quality aud the receivers operated in a climate about that of the
south temperate or north torrid zones. Adjustments must be made in

the feflure rates for changes in operating environment and part
quelity. If no other data is available then predictions can be made
with thet data supplied in Table I. As more expericnce ig gained
with parts and operating conditions more accurate fatlurc rates cem
be generated. This is an iterative process of Predicting, checking
the prediction against the receiver performance and using the new
failure rates for the next prediction.




TABLE Y.

Fajiure Rates of Typical Parts Used for Radio und Television Receiverg

Part Type Failure per
106 hours
! Capacitors
Ceranmic 1.10
Electrolvtic 1.65
Foil, paper or plastie 25
Mica .83
: Tantalun 1.10
! Variable, air 1.63

Electron Tubes

Cathode Ray (TV PICTURE) 20.00
Receiving 11.00
i Inductors . .24
Lamps a
Incandescant 32.00 i
Neon 11.00 |
Resistors
! lllu .2,
| Composition 1?7
| Wire Wound 1.05
! Variable 2.20
{
! Diodes
Germanium 3.
Selenium 3.%
Silicon 1.20
Zener 1.65
Tramsistors
Germanium .60
Silicon ) 2.80
Switches, per contact set 1.7
Trans formers N
Speakers 1.72
Integrated Circuits 4,00




An example of a prediction for a hypothecical 7 transistor
receiver is shown in Table 2. All of the parts are listed along
vith the number of rimes each i3 used. Then usiug Table 1 - the
expected number of taiiure for each part type for each million hours
of operati i ‘. oL uined Wl rocovden in aelumn 3. T determine the

failure rate f.- vach part type o lumn 7 {ine aumbee of times a paru

13 used) is mi'cinised b celume 3 (thes faiinre rate pev part cype)
and the preduct inted moealuan 4. The failure vate ror the recefver
is determined BY surwing Lolomn 4, In this ~ase “he expec ed faillure

rate for the huneelivac.s? rev2iver would be 62,55 faiiuves in one

million hours of opera: o,

The usual method of eXpressing the reliability of a receiver is
fn terms of "mcan time betweean failures" (MIBF). This is simply the
reciprocal of the failure rate, that is, one mfllicn hours divided
by 62.55% failures Per million hours of operation or s 15,987 hour
NTBF.

Por most receivers this MTRF would be sufficient from the users
otandpoint. The question of adequately servicing the failed receivers
Wast be investigated. Figure 1 is a graph of expected failures
Per receiver per year for various MTBF's and various average daily
weage. For the above example the average failure per year for an
sverage usage of four hcurs Per day would be .1 failures. If the
area bttak serviced had 100,000 receivers then there would be 10,000
failures not counting receivers damaged by mishandling or accident.
Making the further assemption that the average serviceman would be
aveilable 250 days a year, then 40 fajilures a day would be the
service load for the area. An experienced man could service one
receiver per day and therefore 40 servicemen would be required for
the hypothetical case discussec above.

The foregoing illustration serves to show the general techaiques
wsed to determine the required reliability of a given receiver for &

Siven set of conditions. Such &n analysis serves to show if more




TABLE 1T

Reliabilicy Pr.diction tur a 'i;pothetfcal 7 Transis.ur Receivar

Numbe Vaiiure Failure Rate
Part Type used Pate _Part Type
Capacitors, Electrolytic 4 1.65 0.60
Capaci*ors. fFeil 28 .25 6.25
Capacitors, iica n 23 3.2
Capacitor:s, Variable air 1 1.63 1.63
Resigturs, cComposition oh .17 4.08%
Resistora, Variablo 3 2.20 3+ 00
Coils 3 2% .72
Diode, Silicon 8 20 4. 60
Transistors, Silicon 7 2.80 19.60
; Speakers 1 1.72 1.72
Trans formers 1 <34 .63 i
Svitches (contact ssts) 1 1.75 1.75 ‘
¥ f
TOTAL 62.59

b 6
! nTIE - -7}93-!— = 15,987 hours
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servicemen or higher quality parts will be neaded or 1f it {s pos-
sible to lower the quality of aome if the parts to dacrease the cost
and thus make the receiver available to mors people.

;'-'“[ ' 2.2 REQUIRED MAINTAINABILITY

The two major problems of maintainability for lo-r cost radio
f}% and television receivers are:

1. Shortaga of adequately trainad servicemen
2. Megquate inventory of spara parts

S The shortaga of trained servicamen was raferred to in the pre-
vious aection on reliability requirements. While good wmaintenance
wmesuale do aid sarvicing there appears to ba no easy alternative to
properly trained servicamen. At present it appears that the trade
off of raliability versus scrvicing must be mada in favor of reli-
ability for devaloping countries in tha immediate future.

- 2.2.1 Method of economically atocking spare part.

A system has been developed vhereby unskilled persoanal, uwsing
eimple charts and tables, can select the number of spare perte re-
— quired to support a given product in a given location.

ﬂ The detailad method of Programming a digital computer to gens-
rate the charts and tablea is presented below for general back-
sround material. Information is generated for various confideace
limits, operating times and failura rates. Typical cases are pre-
sented for the use of theae charts and tables. Theaa include:

1. Selection of minimum spares requirements for a given prograa.

2. Determination of critical spares after program has been
rumning for some time. Basically this operation ia a check om origi-
nal failure rata sasumptions in time to take corrective actiom be-
fore a system ia out of service due to the lack of a spare part.

3. Action to be taken if a spare part is determined to be
eritical.




In the last decade the method of predicting reliadbility using ‘
failure rates of individual piece parts has grown from an experimental
toy to a standard tool in 8ystems design and development. Since dhe'
step in the prediction of reliability results in establishing the
sxpected failures for & system in a given time period, it would seem
logical to tie the s§pare parts requirements to the same basic method.
Therefore, the method outlined below was originated which would make
use of component faflure-rate data to calculate spare parts list for
any given receiver.

In the process of developing tho subxoutlnes necessary for
overall program, a series of charts were produced which appeared to
be useful tools in the solution of certain sparc parts problems. These
charts are useful, not because o sny basically new material, but as a
result of the form in which the material is pres-nted. They allow um-
skilled personnel to prepare a spare parts list, and, after the pro-
gré has been running for e period of time, to determine which spares
are critical.

2.2,2 Computer Program

The charts were developed while generating & subroutine to find |
~ the minimum numbor of spares required to meet some pre-determined
con!idcn;o level, given the operating time and failure rete of the
ftem in quustion. The failure tir .s for component parts of rela-
tively complex systems ere gcnerally found to be exponentially dii-

tribuced end, therqfore, the Poisson Formula would apply.
g.._t._\“ (..t__ |
P o« ST T

] e” T
Where Pn = probability of having n failures in time ¢

Te wean-time-batween-failures
t = operating time

Since failure rate, as opposed to meen-time-between-failures, is
generally easier to handle, we can, by using the equation
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Failure rate = \ = -:l_—-

T

redefine the expression for pn as follows:

in_(‘,xtln e-().xt)

n .

wvhere as before

Pn = probanility of having.n failures in time ¢

t = operating time
and

A = failure rate

Now defire th: cumulative protability Pc (r) as the probabiliry
of having r or less failure in time t.

Pc (1) = ; Pn
n=0

8ince Pc (r) s the probability of having the number r or less
failures cf a particular icem w:th a given failure rate during the
time interval t, this also becomes the probability of having adequate
replacement parts available if at the beginning of the period thare
were r replacement parts for this particular item in stock. In other
words, if a desired cumulative probability is given for a particular
item, the number of pieces needed for spares can be determined by
suming the values of the individual probabilities of railures umtil
this sum is equal to ur greater than the desired cumulative proba-
bility. The current working value of n will then be the number of
ftems which must appear as spares at the beginning of some time in-
terval t to engure the desired part availability. The flow chart
shown in Figure 2 and described relow was u.ed to generate the data
for the charts.

Box 1: Imput data to program is entered. A is the failure rate per
million hours t is the operating time in months P is the
desired probability or confidence lavel for the chart being

generated.
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Box 2

Box 3

Box &:

Box 5:

Box &

Box 7:

Box 8:

Pox 10:

The ratio -E—- =A t {s calculated. The constant 730. x 10~
T

comverts time in monthe to time in hours and adjusts failure

rate per million hours to failure rate per hour.

Note: The number of hours per month is taken as 730,

The exporential e ") is caleculated.

N, the nuub~r of speres required, is initialized to gero.

k2, the presiiility of having N failures, and P3, the pro-
bability ¢i having N or less failures, are initizlized to the
value of the ocxponential.

If the cumlative probabilicy P3 is greater thea or equal co
the desired probability, the results are primted. If met,

the next itcration is cxecuted,

Increment N by one

Compute a new value for P2, the probability of haviag ¥
failures.

Compute a new value for P3, the probabilicy of haviag ¥ er
less failures.

The probability of having W or less failures, PI and N are
priaced.

The oaly subroutine meeded to execute the program {: an expenen-
tial routine. Since the value of the exponential may fall imto a

large range, a subroutine, which will maintain sufficient aceuracy

throughout this range, is required. A suggestiom for computing the
enti-logarithm s to use a Hastings Mproxintionl for 10%, The

argument is initially multiplied by log e and then divided inte aa
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integral and o fractional parc. The integral part becomes the
characteristic of the resulc: the fractional portion ig evaluated

tn the polynomia} to produce the mantisga, ¥hen the argument of the
function is Positive, ti error ip the vesult for an eight digice
mantissa does not eXcred ore in the last digit of the mantisga. When

— - the limjit
o X

; x
the argumeat - nesative ¢ e o dluata, o

of error it ore ir the vexr to jast digi* of the mantissa because of

the additional truncation iliat way occur when taking the reciprocsl,

The following exampl.: shows how one roint for the 12 month curve
of the 99% confidence level tag obtained.

Beaply Problen

Box 1 = 30. Failures/million hours
t = 12 months
Pl = .99 confidence level

Fox 2 R = 262800

Box 3 K = , 768896

B4 N 9

Box 5 P2 = ,76889¢
P3I(0) = .76889¢

Box 6 P3(0) i{s not greater than 21
o7 N .-

bom 8 «202066

Pox 9 +970962

.-...---..---...-..‘-..-....-..-......-..

T 6  P3(1) is not greater than P}

B ? Nea
Box 8 026551
Box 9 .997513
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Box § PI(2) {s greater than Pl
Bex 10 P3(2) = ,097513
Ne?2

The charts for 50, 75, 90, 95 and 99% confidence levels were
plotted ari appear in Figures 3 t' :ough 7.

2.2.3 Use of Cha'ts to Dorerm’ne Spares

The charts presented in the preceding section were developed
to allow unskilled personnel to perform two basic operations
associated with spare parts control. The first operation is used to
determine the numbe:r of sparc parts required to support a program
for a specified period of time at a specified level of confidence.
The confidence level is the probability that there will be adequate
spares for the specified period of time. The second operation is
used to determine the critical spares after the program has been
running for some time. Both of these operations make use of the |
failure rates of the parts making up the system. |

Table I presents a set of failure rates that has given satis-
factory results. However, any set of failure rates (based on com-
stant failure rate assumption) that has proven satisfactory for
predicting reliahility could be used in conjunction with the spare
parts charts.

Certain itews way have predictable wearout life which ie
shorter than the expected opcrating time of the equipment under
comsideration. The replacement parts required due to normal weer-
out should be added to the spares complement determined by weing
tb. spare parts ciarts.

Requirements deternined by these charts need not be confimed
to plece parts. Spares for any item (from piece part to complete

system) which has a random failure pattern can be determined usimg
the charts,
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S e S SN N M R, .
- /(l;‘:—_,,.-____,‘ % = AJLIJ:::I’:T },.{“T*ﬂ,:‘::uz,’ The basic procedure for determing the spares required is as
o P S LT T follows:
i Se IO ) . ,
— /‘/7L-~ e ] i-i-:J;. T.«i-:..f...‘ii-,f:,d-,i,‘“._ s Step I Determine the applicable failure rate for the part, compo-
vepee _ - >4;::/;;;+”;: oL L -LNJ@LL;i;.iJJ;Qfg%QQ'“‘ ! nent, assembly, 2tc., under consideration (See Table I)
1;£:ififl fi’%j. 3“,{»;  'ﬁqhi’%é':L*“;)‘;Jnffiifiﬂjﬂ“. Step II Determine the number o" times the part (component, assem-
oo b oL Jjw~ii$mﬁiu~L”JLfﬂ::_K‘mi;:a::,j A jx ay bly, etc.) is used in equipmant to be serviced by the supply point,
~“é§2';f;f;i:;.;N;u-.”if?iw i.e., the number of times the item is used in a svstem times the
Neoo f;iifPaé%gﬁftf;rf'~-**:~ number of systems serviced by the supply point.
BRI AR Ly Step III Enter the leit-hand side of the chart at the value deter-
oo { mined in Step 1.
, ; Step IV Move up the sloped line until it intersects the vertical
o, E g line deterwined in Step IT. This determines the total failure rate
‘ LA ! 1 for the items for a particular supply point.
e Hevry j‘::::“':“;”_‘;_.ﬁ( - bietiog g Step V Move horizoncally to the curve of operating time for the
.;V?ffff%“’{xrf:}ﬁ:'”. : item. Operating time is determined by multiplying the length of the
;“#'Ljum' 'Lfr: 'l"A" £ program (calendar time) by the fraction of the time the equipment
- gt “'* Lll 1 TTL él" oo E is turned on.
- " ,Lg‘!;»"w ”, ; Step VI Move down to the abscissa to determine the number of spares
- ctvimnonm el required.
~. - ¥ égf;"> ? ‘
RS 3 5 ,d»i‘: s : The basic procedure for determining the critical spares
}’ fix' beboyd *j% f i efter the program has been running for some time is as follows:
Do e o bt
/‘ ).[ [ a I"IJ !: » 3 Step 1 Locate the point on the chart at which the original spare
T I' e v quota was determined i.e., the i-tersection of the operating time
i iy &r sl curve and the spare parts initiaily required.
: BRI ".:" f Step JI Move horizontally to the left until the curve of expected
.-‘}- & ‘w—:-h !4% ," LAY PO OETERMINATION r" | operating time remaining in the program is reached.
g .1(-{* TTT‘— :—[1*14‘1 OF MINIMUM SPARES REQUIRED } Step III Move down to the abscissa to determine the minimum spares
1 :L I ‘iq?i“iﬂ-’r 397 CONFIDENCE LEVEL |, which should still be in stock for the applicable confidence level.
] 1T T *,iﬁ‘m f:hé:?:f’,;‘::,‘,:“'m:z tep IV Compare the number in stock with that determined in Step
X . : : {/ - 58 aN! Ll '”Wmmw III. If the number in stock is less than that determined in Step

NUMBER oF IvEms II1, then the item is in a critical condition.

FIGURE 7

After a spare has been established as criti cal, the pro-

blem arises as to what action should be taken. For a spare to be in
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@ critical condition either the original estimate of failure rate was
too low or the parts are being used up faster than expected due to
stacistical variations associated with the random failure process.
The original failure rate assigned to the part is usually based on

& considerable amount of pagt history and therefore the hypothesis
that the original fajlur: rate 13 correct should not be rejected

unless there is substantial evidence "o reject the hypothesis.

If the number of failures occuring in the time interval
in question is such that there is less than a 10% chance that the
true failure rate could be as low as estimated, then 1t would seem
reasonable to recalculate a new failure rate for that part and in-
crease the spares accordingly. This means that one time out of every
ten we would be ordering more parts than necessary to support the
program at the original confidence level. Based on the foregoing
discussion the following procedure can be established for action
to be taken if a spare is detemmined to be in a critical scates

1. Enter the 90% confidence level chart at the original
feilure rate and move up the sloped line to the intersection of the
vertical line rcpuesenting the number of times the item is used

in equipment serviced by the supply point. Move horizontally to
the operating curve determined by the operating time of the equip~
ment from the beginning of the program to the time of the stock
check.

2. Move down to the abscissa to determine maximum number
of spares that could be used in the time interval before the
failure rate for that part should be recalculated.

3. If the number actually used is less than the number de-
termined in Step 2, then go back to Step III of "the basic procedure
for determining the critical spares after the program has been
running for some time" to determine the number of spares required

to support the program at the proper confidence level.
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4. Order the difference between the number actually left in
stock and the number determined in Step 3.

LR If the number actually used is more than the number de-
termined in Step 2 then a new fa.lure rate should be calculated
using the following formula:

s 6
A o= N x 10
n nt
o
Where )‘n = new failure rate

N = number of spares used in the time interval from
beginning of program to time stock is checked

n = number of times the part is used in equipment serviced
by the supply point

t:° = time interval in hours (assume 730 hours in a month)

6. Using the new failure rate and the operating time left in
the program, determine the number of spares required to support the
pro;fan at the proper confidence level. (Use "the basic procadure
for determining the spares required")

7. Ordar the difference between the number actually left im
stock and the number determined in Step 6.

2,2.4 Examples of Spare Part Requirement Calculacions

The following three examples are presented to show several
typical cases for the use of the spare parts charta.

1. Selection of minimum requirements for a given program ia
witch all spatés are orvdered at the start of the program.

2, " Datermination of critical apares after the program hes
been rumning for some time.

3. Action to be taken ia the case of critical spares.
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Exasple [

Assume a televiasion receiver repair facility wanted to have
enough spares on board to service 50 television receivers for a thraee
year period. The requirement vas established that there be & 95%
Assurance t.at at leasi one spare f each part would be available, at
the end of the three vear petiou. The operational duty cycle for the
receivers was set at an average of 8 hours a day (or twelve months oyt

of thirty-six) for eacl receiver.

For this example the prodlem is to determine the number of

$pare picture tubes required to satisfy the requirements stated above.

The first step is to locate the proper failure rate for picture
tubes. Table I lists this as twenty. Next select the chart for 95%
eomfidence level and enter the chart on the left hand side at s failure
rate of twenty. Move up the slanted line until it intersects the
vertical line marked 50 (the number of receivers to be serviced at the
repair point). This will determine the total failure rate for the
30 picture tubes. Now move horizentally (in this case to the left)

until the operation time curve for twelve months is reached and then

. dowm to the abscissa to determine the number of spares required. In

this case the abscissa is intersected between seventeen and eighteen
80 eighteen picture tubes arc required.

Rxasple [

The service manager in charge of suppiies in the first exenple
must know if any spare parts are in a critical situatiom in time to
Procure new spares before the supply is exhausted. In other words he
should have a method for reviewing his stock at any point in the pro-
grem and quickly selccting those items which are in g critical state.
Por this example let us assumc that the program in Example I has been
rumming for eighteen months and has eighteen months left to rum, This
would mean that there is an average of six months of operstion time
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laft for each receiver. The problem is to determine if cnough pice-
ture tubes are in stock to safely complete the three vear period
without re-ordering. In this (ase we enter the chart at the inter-
section of the initial operatin. time curve (twe lve months) and the
spares in stock at the bheginning or (ne program (eighteen). Now
move horizcatally to the left unti  the six month cperation time
curve is intersected. Then move down to the abscissa v detormine
the minimum number of spares which should be in stock for a given
confidence level to complete the program withwout re-order. In this
case, there should be at least eleven picture tubes in stock. If
there are more than eleven tubes in stock, then the spares situation
is mot critical. If there are less than ele¢ven tubes in stock, the
action to be taken would hinge on the number of spares used in the
first eighteen months of calendar time, and six months of operating

time.

Xxemple III

Assume that 12 cathode ray tubes had been used in the first half
of the program described in examples I and II. This means that only

6 remained in stock, and the spares are in a critical condition,

To determine if the failur: rate of 20 for the cathode ray tube
should be recalculated, the 90% confidence chart is entered at 20.
Move up the sloped line until the vertical line for 50 units is inter-
sected. Next move horizontally tc the cperating time curve for 6
months (for the actual calendar time for 18 months) and then down to
the abscissa to determine the number which would not be exceeded wore
than 10% of the time if 20 were the true failure rate. In this caae,
the number is seven. Since twclve tubes were used, the failure rate

should be recalculated as follows:

6 6
Ay ® i, oxs sy =33
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With s new failure rate or 55 for 6 months operating time left
in the program the sparcs requiced for a 957 confidence level is 23
(determined following vasic procedure tor determining the spares re-
qQuired as in example I). Siuce there ave still o tubes in stock, 17

tubes will have tu be ordercd,
2.3 COMPONENT CONSTRUC PLU' AND PRIME FATLURE MODES

In order to make the propur '"trade-offs" between reliability,
saintafnability and cosc of low cost receivers the construction and
predominant failure modes of the parts making up the receiver should
be understood. 1t is bevond the scope of this paver to compile such
@ list for all or even most of the parts that would be used in low
€08t radfo and television receivers. To point out some of the type
of {nformation that should be compiled, film resistors and semi-
eonductors will be used as exampies. Other information on component
Comstruction and failure mcdes is discussed in the next section on

fatlure analvsis.
2.3.1 Film Resistor Contruction and Failure Modes

The construcction of metal-film resistors consists of metal or
®stal-oxide deposired cn 1 refractory base. For high-resistance
values, a spiral groove is grounded in the film to increase the
offective path of resistance. The usual metal- film resistor in-
volves metals such as platinum, paladium. rhodium and alloys such as
Blckel-chromium, etc. These films are deposited on a ceramic sub-
8trate by evaporation in a vacuum. Terminations are made with come
ducting bands fired on the ends of the core. The specific resistance
of the metal {ilm may be much greater than the resistance of the bulk
Saterial.

The metal-oxide film resistors use a tin oxide film bonded te
@ glass core at red hea:. The expansion coefficients of the materials
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are matched. The films are rugged so these resistors are less

susceptible to mechanical damage than carbon=film resistors.

Irreversible changes in film resistors result from overheating,
humidity or mechanical damage. Th' increasc ia specific resistance
of thin film of wetal is thought to be due to the fact that conduc~
tivity is essentially determined by the mean free path ot the electrons
in the metal, A silver film. less than 400 angstroms thick, will not
give consistent conductivity and a film less that 45 angstroms thick,
will not give consistent conductivity and a film less than 4§ angstroms
thick does not conduct at all. Bulk characteristics are achieved only
at a thickness of 3,000 angstroms. The Lemperature coefficient of

resistsnce is very low for the metal-films.

Changes in resistance values occur over long periods of time and
are not detected in the ususl 1,000-hour life test. However, core
defects and hot spots in the film due to uneven deposition or thin
spot due to film chipping during spiraling are quickly found by using
a short-term overload test.

Teble III lists the major failures encountered in a testing pro-
gram on precision metal-film resistors.

The test results show that incoming inspection ranks high for these
reaistors as uncovering a number cf defects. Difficulties are slso
noted for the type of encapsulation used, since 1.7 per cent fail

the humidity test. Some manufacturing defects are also indicated

by the 1.4 per cent failures in the overload test. Mechanicsl
environments apparentlv are not a problem for these resistors. In
addition to the resistance degradation failures at incoming inspectiom,
test results also show 0.9 per cent of the specimens inspected failed
the insulation resistance, 3.4 percent failed the noise test, and

0.25 per cent failed becsuse of open circuits. Another major reported
failure mode was 17 per .cnt of the specimens lacking acceptsble {n-

sulation resistance after humidity exposure.

N 3 o B v X T D Y S e ST
o BT N T o
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TABLE IIT

IETAL-FILM PRECISION

RESISOR FAILURIS RAYEED BY TYPE OF TEST

(Per Cent of Sample Failing)

Qua{}tv Tesrs =

Inceoain~ Tnspaction
Humidity

Overload

Vibration
Acceleration

Shock

Solderinz

Perfogmance Trres =

Temparature Coefficient
1250C Life

Temperature Immersion
70°C life

Thermal Shock

High Temperature

Low Temperature

600C. 1000C, 1750C and 200°C
Life

1.9
1.7
1.4

0.7

14.4
3.2
2.0
1.2
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By analysing the test results of Table IIJ, it is found that
these devices experienced the most failures during the temperature
cwefficient test (14.4%), followed by the failureg occuring during
125°C life tests (5.2%). The large number of failures for the temper -
ature-coefficlent tests may be due in part to the stringent specifi-
cation requirements (0.005 per cent resistance chauge per degree
centigrade in this particular instance). However, these requirements
are reasonable since the metal-fiim resistor 15 often considered in
applications requiring excellent temperature-coefficient properties,

No additional failure modes were investigated.

Two examples of metal-film resistor characteristics are shown
on Pigures 8 and 9. Figure 8 represents the performance of 25 samples
of 3OK-ohm, 1/8 watt metal-film resistors. They were stabilized for
24 hours at 125°C before the initial data were taken, The conditions
for the test were 125°C and full rated load. One failure was recorded
which occurred Lecause of a loose termination between the lead and

the ceramic rod due to insufficient epoxy cement (talon construction
described below).

o
E i

'ﬁurtn; the test, the median deviution from initial was as wmuch
a8 1.25 psr cent, but for 5000 hours the median deviation was szero.
The distribution range for 80 per cent of the sample, was 10.5 per cent.

Figute 9 shows the end results of a 14,000 hour load-1ife on tine
oxide metal-film resistors, but these particular semwples were rated
at 1/2 watt and 10K-ohm. The 75 samples were subjected to 100 per cent
load at 60°C. It can be seen that 80 per cent of the sample had
deviations from initial between +0.8 and -0.25 per cent at the end
of 14,000 hours of exposure. The total excursion for the median was
approximately +0.15 per cent. Similar resistors of different ohmic
values had & continued decrease in resistance value by the end of
the test in contrast to the upswing shown for the 10,000 ohm units.

Requests for samples and data were made of several suppliers of
metal-film resistors. Test Data and samples were received from




+3 —
Sample Size 25
Resistance 30 Xeohm

Rating 1/8 wvatt

+3 Teroerature 175 ¢ —

median

li . \v —
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) 1 2 3

Time, theusands of hours
nest ¢ L1 CHARACTERISTICS OF METAL-FILX RESZSTORS
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Resistance Change, pét cent
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+1.0
Sarmple Si o 75
lesi-tarec: 10 -o'm
+0.8 rativ: 1.7 vace
Yemperatire Q0 O maniLen
4+0.5 B /
+0.4 \v
+0.2
nedian /
0
'002 :
micimun /
«0.4 \ /
.006 ;
4 ] ) 10 12 14

TIans 9

Tiwe, thousands of hours

LIFE CUARACTIRISTICS OF METAL-FILM RESISTORS (tin exide)
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International Kesiscance Company for the talon and cap and lead type
Metal-Film kesistorg, These samples were opened and subjected to
aicroscopic ohservations.

After examining both types of r sistors (sce Figures |0 and 11),
it waa determined that the cap and }cad tonstruction presently uged
by IRC is much more reliable than the talon type of cons truction.
The talon assembly method holds the subsrrate loosely witt: an epoxy
eonductive cemen: and solder. Conductive epoxy cements are difficule
to control during manufacturing and have a time-temperature degre-
dstion characteriscjc. This makes them unsuitable for high rcliability
applications. An Attempt was made by the manufacturer to utilize
screening Lests to woed out defective talon units.  Although screening
d4d aesis:, they could not meet high vellability requirements. The
€ap and lead conscruccion not only is heild by solder and epoxy cement,
but the end cap is press fitced to the outside diameter of the sub-
strate. Thig type of construction hag pcroven to be useful for high
reliabili(y applicutions and jg only slighely higher in cost than
talon type units.

2.3.2 Prime Failure Modes of Semiconductors

Table 1V 18 a comprehensive ten page table of failure modes fn
8ilicon transistors and integrated circuits., A first a list guch
88 this leads one to believe that the only product coming off the
lines are fatlures. 1In fact, most of these modes do not exist {n
any one device manufactured. The compilation serves two useful
purposes: First to aid in failure analveis of malfunctioning devices
ead, second to develop economical and realistic screening tests.

2.4 PAILURE ANALYSIS, REPORTING AND FEEDBACK

Por some unexplainad reason, failures are rarely analygzed in
depth and even more rarely, systematical ly catalogued. I¢ scemg
logical that i{f most of the pioduct perforums satisfuctorily. "han

there should be a veasou for the piece of equipment, popularly

referred to ag "a lemon"”, to behave so differencly, Most cauases




FIGURE 10
CROSS SECTION Or A FILM RESISTOR
USING TALON CONSTRUCTION

FIGURE 11
CRO8S8 SECTION OF A FILM RESISTOR
USING CAP AND LEAD CONSTRUCTION
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for the differcnt hehiavior fall into the following three general
categories;

1. A marginal problen where parts coming {rom the tails of
normal pocduer distiination combine Lo cause malfunctions.

2. A "spori" orcolem shere . part or parts (ull well outside
of norwal produsrn diniribation.

3. An envircimaatal probien wvbere the equipment is stressed

(intentionai™ o or wnincentiona' ) bevond the design limit,

The problem .hen, is (o pe form failure snalysis adequate to
determine the cdtezors of failure and allow feedback of corrective
action on an economi-al basis. The kev o the salutica of this proe
blem {6 that well-conrrellea procesces result in homopeneous popula-
tion of the product prcduced. 7This Cact iy uselul in failure analysis
techniques anyuhere in the production cvele from early design to field

use.
2.4.1 Specific Program

Probably the most effcctive area in shich failure analysis effort
should be concentrared is in the manufaciuring test area. This is
because of the large number of equipmenis tesred and the vrelatively
accurate tailuie intormation obtainable at this point in the manuface
turing cycle. This, in rurn, allows for meaningiul application of
statistical technigues. Alse, the carlv foedbaek .o lesigners ac
this stage minimizes contiunuvcos "ineplant" repairs. reduces warranty

problems and resulis in more staisfied custoners.

The step-by-step method ovolved for hbandling part removals during

manufacturing test is briefly as foliows:

Step 1. All parts removed from an cquipment type ave placed in
a box. The iiigh priorityv items discussed in Step 5 should be segre-

gated by individual compartments for closer surveillance,

Step 2. The parts ave checked dail. o see 1T anv patterns not

previously noted are beginning. This simple cireck has greatly reduced
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the amount of rework by minimizing the number of units exhibiting a
new symptom. The parts are collected from the wanufacturing area
once a week by taking the box with the weck's removed parts and re-
Placing it with an empty one. This allows for efficient handling

of the parts using two boxas per manufacturing test location.

Step 3. Obtain the production records for the week the parts
were collected. Using this and a parts list the total number of parts
tested for that period can ve established.

Step 4. Calculate the percent removal for each of :the parts.
This kind of an operation lends itself to computer operation.

Step 5. Determine the 12 parts that have the highest removal
rate.

Step 6. Assign priorities to the 12 problem areas selected in
Step 5. This priority assignment is based on many chings such as,
cost of part, cost of’replacement, eagse of solution of the problem,
technical improvement of product, history of field complaints, etc.,
but the guiding rule is to give highest priority to that problem
which, when solved, will result in the greatest overall economic gain.

The above six steps have resulted in a rather objective means of
determining where to hlace the efforr. Experience has led us to the
conclusion that only the top three priorities should be worked on at
a time, unless an inevitable delay is reached on any of the first
three problems. Three seems to be enough to keep things moving at
8 brisk pace while still allowing enough time to really understand
the problem so that it need be solved only once.

Once the three top priority problems are selected, the following
process for invesiiyating the problem has heen evolved (this process
is also useful for the investigation of parts removed for any reason,
i.e., fiald removals, special test, etc.). First, all parts in the
"top three" category that have been removed from equipment are put
through incoming inspection. If the parts fail, an autopsy is per-

formed on a few parts to det.rmine general construction, rhe actual




point of failure, and a passible cause. From this analysis a hypo-
thesis as to the failure mechaniem is formulated. Then several more
failed parts are checked to see if the hypothesis still appears valid

or should be modified.

After a reasvnable hiypothesis has been established, a sample
of new parts is drawn out of stores. Careful quantitative measure-
ments are taken on the sawmple lot. This is useful in attempting to
correlate specific parameter variations to the problem at hand. The
measurements need not be confined to the purchase specification, but
must not be destructive. If possible. they should be kept as simple
as is feasible since these measurements may well form the basis of
a screening test or a raquirement on u purchase specification. When
the parts have been measured, they should be tested in an attempt

to reproduce the same failure experienced in the equipment.

If at this point the hypothesis appears to be wrong, a new one
must be proposed and the process repeated. Once the hypothesis gains
the status of an acceptable theory, then action is almost always
quite clear. If the part is at fault, screening, followed by better
vendor control or possibly a new vendor, is called for. If the
th‘ory points to a faulty manufacturing process, backtracking through
the line until rhe offending process or cperator is located is the
action called for. Finally, if it appears that neither the part nor
the manufacturing is at fault, the problem is referred back to engin-
eering. When this is the case, it is surprising how often the solu-

tion results in a more reliable design at a lower overall cost.

1f the parts still! par., incoming inspection, rhe approach is
slightly different. Engineerinug is usually called in immediately
since they will almost invariable inherit a problem of this type.
The first step for pacts passing incoming iaspection is to take

quantitative data on various puirameters to determine if any trend

exists. In some cascs the solution is as simple as picking a new




center value for a parameter. Parts at or near onc end of Yhe limit
condition do not necessarily call for a simple pulling in of one cnd
of the specification. Tt is pussible that overstressing the parts,
either in manufacturing or normal operation of the equipment, could
cause a shift or nominal value to either extreme. Parts requiring
matching quite often show up in removal as parts on both ends of the
distribution curve with very few parts in the middle of the distri-
bution.

In general, if removals stfll pass incoming inspection, the
problem is to find that parameter which was not properly specified
in the inspection procedures. Care must be tzken so that the cost
of increased inspection is not more than :he cost of locating and
removing the defective part. Although I am sure that one could
devise such a situation, I have never run into a case where, if the
percent removals were greater than 1%, a suitable, economical in-
coming test could not be devised.

2.4.2 Determination of Top Priority Items

Figure 12 shows the form used for determining the priority of
the top twelve problems. The first five colums (part, cost, number
used, number removed and % removed) are self explanatory. The sixth
colm,. "total cost", is determined by adding the cost of isolating
and correcting a malfunction (a conservative figure of $3.00 per part
was used for this example) to the cost of the part (column 2) and
multiplying by the number of parts removed (column 4). The total cost
represents the maximum savings that can be realized for the quantity
of equipment involved if that part were never removed again. Since
the goal, for economic reasons. has been set at reducing removals of
a particular part to less than one percent, column seven (savings
for 1% removal) indicates the minimum savings that could be realized
for the quantity of equipment involved, Lif the 1% goal were attained.

Practically, the actual saving lies between the dollar values shown



!

Z1 U014
+3aed 13d zoqey 00°cS snTd 3awd Y3 JO IS0 Y SIPNIOUT IS0D TWIOL &

(60°Lys 94) | (TS°L1€°6Y) L9 (s121) (650°81) TvIOL
§L° 152 v'E €S 09¢ Sl T g
uS €2 rAd3 €21 03857 ioect X
V1S F VA 9°y a6 €201 N I1°1 Iy
05°079 g€ 941 rORE <z* 1 1
05" 00 0" ¢ Y3 1801 g5° H
0 962 Z*u 461 696h g6" 9
ommmwm %WW 1149 SRS 06° I
66" 8 0° 01 70T gov €6'2 1
CER A 6% 83 9T 66°1 a
g6 8¢t g mm‘ Q50T €21 o
¢9* P_ 2 i 1578 20T 1€ 512 1:°2 q
nmww $ 19°¢1v § 9z°'6Z% $ 077 £LZ1 98¢ 21 S A4
— _ N . S BN S—
1500 I¥Vd
GASYTUINI TVAORTY %1 QIAOKTH | QIAINNA
WNIAT-IVTIG, | ¥OL SONIAVS | ISOD TVIOLe ] "ON aisn °*on 1500 eva

INVRD MOLILVIFIVAR ALTE01¥d




41

in column six and column seven. The figures in coluwn seven are

derevmined by taki~ . of the numoe. " ...s used (1% of column 3)

and mu].l:iplﬁng the part cost plus the cost of isolating and correcting
the malfuncticn and subtracting it from the dollars in column six.
Column eight ("Break-Even" increased nart cost) shows the increased
cogt that could be incurrc,, per part, if the removal rate were
lowered to 1%. The "Break-Even" increased part cost is determined

by dividing the savings for 1% removal (columr» 7) by the number of
parts used (column 3).

For the example shown in Figure 12, the top three priority items
would probably be parts E, X and G in that order. However, when a
"break-even" increased part cost is as high as item A, it is adviasble
to take a look at that item to see if a higher quality part could '
solve the high removal rate problem quickly.

2,4.3 Failure Analysis Case Historias

Once an item is isolated for further investigation a cowmpre-
hensive evaluation program should be initiated. Perhaps the best.
way to fllustrate this is with some case histories.

2.6.3.1 Case I - High Voltage Capacitor Selection

The fisld had been narrowed down to three possible suppliers of
¢ certain capacitor. All three were being scld to the same specifi-
cation, and there was no price differential. It was decided to check
breakdown voltage distribution for each of the three capacitors.
Figure 13 shows the distribution for each supplier as ‘a function of
the specified breakdown voltage. It is obvious that, if the test
were a valid one, supplier C would be the best. A sample of each
type was assembled into equipments. The test, in fact, supported the
contention that supplier ¢ was superior. The equipment was run for
100 hours and supplier A had sbout 257 failures; supplier B had no




4°

'‘A37Y4d O HIAHNLIYINNYA
40 MOLICYSYD ON 24,000 0310y
M3ATT S53YULS LSHHOIH JiiL LY

€ H3ENLOVINNVIN

FOR THREE DIFFERENT MANUFACTURERS FOR THE SAME

DISTRIBUTION OF CAPACITOR BREAKDOWN VOLTAGES
COMMERCIAL SPECIFICATION

—— v ¥3MNLOVANNYW <

SHOLIOVdVO 40 Y28WNN

400

200
BREAKDOV'ii, % OF RATED VOLTAGE

100

FIGURE 13



49

failures {n test but about a 3% failure rate on incoming inspection.
Supplier C had no failures in incoming or during the test. Over 4000

of supplier C's capacitors have been assembled into equipment with
no known failures to date.

An analysis of the three types of capacitora showed that supplier
C had better winding techniques than either of the other suppifers.
The failures could always be traced to a crease in the foil that
caused excessive voltage gradients.

This 1s a simple example of differences between suppliers. The
wmost significant thing about the investigation ie that the decisioa
was mada, based on the data in Pigure 13, in one aftermoon of teeting.

2.4.3.2 Case II - Radio Noise Screening of Deposited Carbon Resistors

The technique of screening resistors by ssans of noise snalysis
2,3 has prograssed to the point where it ie included in aany purchase
specifications. Before embarking on a program of noise snalysis of
resistors it would be well to study the referenced material. Generally
' speaking, there sre two types of noise -- that expected due to such
things as thermal noise, normal processing and fabrication, sise,
shepe, and the bulk noise of the resistive material, and unexpected
noise due to such things as high current density areas (sea PFigure 14)
or loosa end caps. The expected noise level on one type of resistor
may well be above the unexpected noise level of an unreliable resistor |
of another type. |

Is the case discuased balow there was a removal rate of approxi- 1
mately 25% on a certain carbon film resistor. All resistora resoved l
from the end product ehowed higher resistance valuas than the speci-
fication called for. The resistor had a conformal epoxy coating and
therefore it was decided that a plastic sleeving was to be put over
the resistor for protection. A review of the manufacturing process
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revealed that the lubricant used to slide the plastic sleeve on the
resistor would also dissolve the epoxy coating. Therefore, the hypo-
thesis was cstablished that some of the lubricant was trapped under

the plastic coating whiuh in ture cieated hot spots in the resistors
and caused the resistors to fail.

To check this hypothesis two sets of resistors were made up.
One set used the epoxy dissolving lubricant to apply the protective
sleeving and the other set used no lubricant at all, Sure enough,

about 25% of the first set failed but, alas, so did about 25% of the
second set.

A new hypothesis was required. About this time we were fortu-
ate encugh to have available a Quan Tech model 327 diode noise analyzer.
Nineteen resistors were tested on the noise analyzer. It was noted
that there were significant differences in the noise level of some
of the resistors. Because of power supply limjtation, only six
resistors could be run under simulated circuit conditions. The six

resistors selected for test had the following noise readings:

ARBITRARY NOISE
RESISTOR NUMBER NOISE, mv. MAGNITUDE

6 0.8 erratic 8
11 0.13 1
13 1.2 >0
17 0.55 S
16 0.23 2
19 0.18 ) §

Figure 15 shows the percent change in resistance for the first

80 hours of operation. The correlation between noise measurements

and resistor performance was 100%. What is also significant is that
no difference could be detected (even using careful microscopic
inspection) between those resistors that failed in equipment and those
that failed as part of the controlled test.
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As a result of this small sample testing, a radio noise screening
test for these resistors was instituted. A lot of 375 resistors was
screened to determine the noise distribution of the resistors. This
distribution is shown in Figure 16. The resistors were grouped 'mto
arbitrary noise magnitude levels. “ach ievel was 0.1 mv wide. Based
on the test results illustrated in Figure 15, all resistors having a
noise magnitude of 2 or more were rejected. As a final control, three
resistors in the lowest rejectable noise level (noise magnitude 2)
were color coded and deliberately put into equipment. All three failed
during manufacturing test. Figure ].7 shous that the screening test
reduced the remcval rate from about 25% down to about 1%. Subsequent
investigations tend to show that the removal rate could be further
reduced by subjecting the resistors to elevated humidity prior to

testing.

The final outcome of this problem was a vendor study of similar
resistors. The study resulted in obtaining a better resistor.a: a
lower cost. Also, the new resistor sclected was the same size but
the rating was such that in the circuit the resistor was only operating
at about 257 of its rating instead of 67%.

2.4.3.3 Case III - Noise Analvsis of Zener Diodes

The removal rate of IN721A diocdes in two equipments was excessi-
vely high. One case (manufacturer A) was. fbr excessive noise in the
circuit and the other case (manufacturer B) was because of erratic
behavior of a precision oscillator. All of these diodes that were
removed passed incoming inspection and, indeed, met all the require~
wments for IN721A zener diodes.

One group of diodes was obtained from manufacturer A and a
second group from manufacturer B. Also, a third manufacturer, C,

was investigated at the same time. The black painted coating was

scraped off one diode from each manufacturer. The differences in.
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pPhysical construction between the three diodes were obvicus even
without a microscope. The diodes were ported in clear epoxy and
sectioned. Then the sumples woivv eotched to bring out the dicde
junctions and a picture of the junction area was taken at 100X
magnification. Urawings wade [rom these pictures for diode manue
facturers A, O and C are snhowv in Figure 1%, The arrows denote the

junction.

The differcnces betweea the diodes were not limited to physical
construciion alene. There were olso significant Jifierences in the
basic processes in waking the diodes. Manufacturer A used a diffused

Junetion with veren ar the T dopant. ard phospliorcus as the N+ Jopant.
Manufacturer B used ain etohed alloy tedwnique for wmaking cite junction
with aluminum zilicon cutectic as the P aupant. laputacturer ¢, as
did Manufacturer A. used boron as the P dopant asd phosyphorous as

the N+ dopant, but used a planar method for producing the junction.
Manufacturer ¢ also used a process whicin caueed the zener breakdown

to occur in the internal portion of the juncticn rather than at the

surface. .

The differences mentioncd above also resulted in e iectriczl
differences not covered in the IN72iA specification but, nevertheless,

important to the two circuit applications under investigation.

Five diodes from eacis marufac .urer were selected at random.

The noise level: for about the first 250 wa of condaction were viewed
on an oscilloscupe. The stancard diffused sjilicon wafors' character-
fatics (manuf.cturer A) esghibited liigh uoise, multistate breakdown
(resulting in junction hot Spots) ang a large dissimilarity between
the 5 diodes. The alley-rype junction (manufacturer R) produces che
following charactcoristics: 4 high noisc Tevel in two diodes, multi-
stating, and non-unifermity of the dicde noise characteristics.  The
characteristic of a planur sencr diode (uatuiacturer C) were desipgned

fer bulk breakdowr.  There diodes hawe lew acise, no mulristating and

relatively sood unilormity.

- -
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Figure 19 shows the E-I characteristics and the noise voltages
generated at diode breakdowr for a representative sample from each
manufacturer out to 2.4 milliamps of conduction. From this series
of picturcs it is obvious that supplier € had the least noisy diodes
for operaticn in the malfunctioning citcuit wherc the current range
was from 0.5 mils to 1.5 mils. The present theory for this phenomenon
is that the junction designed for iaternal breakdown did not have

surface problems which wouid cau e nultiple breakdowns of the junction.

The noise characteristics alone did not solve the second diode

problem of unstahte oscillator performance.  Four diodes were selected

at random from each o1 the 3 suppliers. The zener current vs the
dynamic impedance was plotted using the diode noisc analyzer and an
oscilloscope. Figure 20 shows thesec plots for the 12 diodes. Here

again the differencus can be traced to the lack of surface problems
with supplier C.

Both diode problems were solved by using diodes made by manu-
facturer C. The coust per diode from manufacturer C was slightly
higher than A and B. However, the cost per useful diode after in-
coming inspection was considerable lower for manufacturer C since
about a third of the other diodes would not have been usable in
finished equipment.

2.4.3.4 Ccmmercial Physics of Fai ure Laboractory

The first step into the world of failed-part analysis is usually
taken with apprehension. Most people lack the knowledge of component
construction and, thercfore, there is gpreat reluctance ro look inside
& component. However, chosc wilo have entered the field would urge
every apprehensive person to start dissecting components for a useful
education. It jsn't until knowledge gaired of possible failure modes
caused by various construction techniques that real gains are made
in commercial reliability programs. The understanding of components

is equally useful whether the probiem is one of vendor selection,

devising a screening tes”, or studying a failed component.
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The purpose of a commercial physics of failure laboratory 1is not
for basic research on components, but primarily to gather enough in-
formation to make intelligent decisions. The component manufacturer
probably knows more about his product than anyone else. Therefore,

{f enough detailed information is gathered on a specific problem to
carry on an intelligent c.uversati with the manufacturer, he will
usually meet you more chan halfway in arriving at a sensible solution.
However, berore a supplier can help, he must be given more to work

on than -- "Your compocents aren't any good - they keep failing."

Summing up, the wlin functions of the commercial physics of a
failure laboratory are:

1. vendor selection and liaison
2. repid isolation of design, ranufacturing, or field problems

3. design of economical screening tests to allow orderly pro-
duction to continue

The gamut of problems that could arise is exceedingly largc.
In addition to the three cases cited absve, ten more representative
problems are outlined in Table V.

From the ten foregoing examples it is obvious that detailed
failure analysis can lead down many trails. It does not, however,
required an elaborate laboratory to produce cost savings and increase
equipment reliability. For example, periodic testing of liquid
solder fluxes, cleaning solutions, etc., by using litmus and silver
chromate paper to detect acidity and chlorine probiems can be carried
out for pennies. Example ten above was solved in about two hours
using less than one cent's worth of silver chromate paper. If this
problem had not been d!tected and corrected rapidly, thousands of
dollars of rework could have been wasted on this {tem.

Along with simple, rapid, low cost chemical testing equipment,
8 basic laboratory consists of:
Metallurgical microscope
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Two eyepieces - 4X and 10X

Your objectives - 1,5X, 5X, 10X, 40X
laitz IPSO microscope-to-camera adaptor
35mm camera back

Vertical illuminator

Microscope lamp

Quan-Tech Model 327 Diode Noise Analyzer
S8ears lapidary kit (for preparing samples)
Small oven

In conjunction with normal incoming inspection facilities, the
above equipment is all that has been necessary to solve every problem
encountered to date. The only major piece (over $200) of equipment
purchased for the failure analysis laboratory has been the diode
noise analyzer mentioned before. The usefulness of the noise analyzer
has not been fully explored as yet, but the amount saved to date has
already paid for the equipment several times over. By making only
minor mwodifications in the diode analyzer it has been possible to in-
vestigate not only diodes but also transistors and field effect tran-
sistors. Of course, resistors and certain types of capacitors can
be investigated without modifying the analyzer. I do not want to
leave the impression that all problems can be solved through the use
of the noise analyzer, but our experience has been that, when care-
fully used to determine statistically significant differences between
parts made by the game process, and the reasons for these differences
determined, the noise analyzer can aid significantly in improving a
- Product in the areas of reliability and over-all cost. Probably the
biggest advantage of the noise analysis approach is that it offers
& good, rapid, non-destructive method of screening out defective com-
ponents.

Don't underestimate the value of the camera. At first Polaroid
vas tried, but since tuen, all Pictures have been taken on 35wm Koda-
color X. The cost Per print - Polaroid black and white vs Koda-

ctlne ¥ g about the same. The advantages ot using Kodacolor are:
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1. Good reproducible color prints are available for reports
2. Righ-quality slides can be made from the color negative
3. The film appears to have a wide latitude

The major disadventage of Kodacolor is the time required for
processing. At first it uas thought that this would be a serious
limitation. Because of the wide range of exposures which will yield
useful pictures, the number of retakes required has been insignificant.

2.5 COMPONENT SCREENING

The subject of screening parts is a complex and controversial
subject. The amount of part screening should be based on the resules
of the failure modes and effects analysis and the results of anslysis
o8 all failed parts. In this manner tha screening tests, if required,
ean be done in the most efficient manner. The screening of integrated

circuits no doudbt affords the most topical example for detsiled dis-
cussion.

Integrated circuits are today in about the same situation that
transistors were a decade ago. The glamour has worn off, corners are
beiag cut, marginal suppliers have moved into the field to f£111 the
large demands, and even reputable suppliers hsve several grades of
eircuits using the same chip design. The pendulum has begun to sving
away from the perfection aura that -ntegrated circuits had. Peocple
ROV are beginning to reslize that it takes more than the name "{age-
grated circuit” to build highly relisble equipment.

Bvery time a new device appears on the market the pendulum
swings back and forth until gll the myths and philosophies are tested
and the device 1s an established item. One of the most common atti-
tudes leading to unreliable parts is, "These parts are just as good
as th top grade parts; they probable come off the same production
1ine, and Ehcy save me about 25%". The parts probably did come off

the same preduction line, as rejecisi, gechaps, or they could hsve

S WL L
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been made by a supplier, much like the €quipment manufacturer,
who bought his ray naterial on the basis of a trade name and a
25% discount.

There has been much evidence that {integrated circuits, properly
specified, screened, and handied di, in fact, producc equipments
that far surpass the relianility o equipment bLuilt using discrete
components. There also has been much cvidence thut equipment built
using integrated circuits, without screening, plastic encapsulated,
and using "commercial grade" have had lcwer reliability than the

electromechanical devices they were supposed to replace.

The question then becomcs how does a prospective buyer or
manufacturer of equipment find bhis way through tiwe maze of conflicting
reports. A good way of startirz is Lo urderstaad the baslc failure
modes of'integrated circuits. The comprehensive ten page Table TV
shows possible failure modes for integrated circuits.

By sampling a few circu.ts irom various mauufacturers and using
such techniques as Step-stress testing it is possible to tind which
fatlure modes are ot prevalent from a { von wmarufacturer. With
this information aviilable, economical screcening wethods can be

developed to keep bad parts from being assembled inco the receivers,

The previous example has beer tevoted to integrsted circuit
screening. This is not t' . e2ly wiou where efficient screening
procedures are useful. The following example concerning the screen-

ing of solid tantalunm capacitors is a good illustration of an effie
cient approach to parts screening,

A study of the ({ailure modes of solid tantalum capacitors re-
vealed that better than 907 of rhe failures were due to breakdown of
the tantalum pentoxidc dielectric. The next step was to screen the

elﬁacttors using some form of power '"burn-in". This was effective
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in removing the weaker capacitors from the lot. However, the process
was relatively time consuming and costly. A detailed study of the
failure mechanisms revealed that thin spots in the dielectric caused
the capacitors to short. Further investigation showed that a simple
dissipation measurement at a loy ("2ss than 1 volt) DC biss and 60 cps
vas as effective as the loug cime power burn-in. Now effective

screening can be done in minutes for pennies instead of in hours
for dollars.

In general, screening of parts is at a higher level earlier im
the program. However, if the results of the screening tests are not
closely followed the testing will become inefficient. By carefully
analysing the parts failing the screening tests, more and more
efficient testing can be used. Of even greater importance than the
better screening techniques, is the information that is availsble to
institute corrective action so that the total product reliabilfity is
significantly improved.

2.6 SPECIFICATION FOR PURCHASE ITEMS

The foregoing sections discussed many of the pieces of iafor-
mation required to write a good specification in terms of quality
and relisbility. For example, if the predicted reliability of o
receiver has plenty of margin for a perticular requirement, then
items specified for that receiver con be purchased from reputable
suppliers without any extra screening or testing. Also, the pre-
diction indicates what purchased components or subassemblies comtri-
buts the most toward unreliability. Then by knowing the constructiom
and failure modes for a particular item, economical and efficient
screening or aging procedures can be added to the general part speci-
fication.
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determining the reasons for the differences.

Once the technical problem of what causes the differences
between components is determined, the choice of what part to use

becomea one of economics. Some of the costs which mrst be considered
in making a final select.c.. ure:

initial cost of part

replacement costs (both in plant and in warranty)
cost of screening

salvage costs for parts not passing screening

gain or loss in sales due to improved or degraded performance

By understanding the failure mechanisms and devising simple, low-
cost ecceptance criterias using physics~of-failure studies, reduction
in the overall cos: can be attained while improving performance. The
technique of writing tougher specification often doesg not solve the
problem while it almost always increases the cost. This situation
is compounded by an apparent law which does not allow for the removal
of & requirement once it has been established. There are caseas where
expens ive screening tests were continued for over a year after a
design change eliminated the need for such screening.

The reason usually given for not removing an obsolete require-
®eat is that, "the person who established it must have thought it
Was Recessary ao why take a chance?'' Therefore, before any require-
meat {9 added to a specification, a report giving the specific need
for the requirement should be referenced in the specification.

The International Electrotechnical Commission whose headquarters
are located at 1 Varembd Street, Geneva, Switrerland has a technical
committes (TC-56) that 1s charged with the responsibility of handling
international reliability problems. Two publications that would be
of iaterest to developing countries are:
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1. Publication 319
First Edition 1969

"Presentation of Reliability Data on Elactromic
Components (or Parts)"

2. Publication 300
FPiret Edition 1969
"Managerial Aspecis of Reliabilicy"

3.0 POSSIBLE AREAS FOR UNIDO ASSISTANCE

The following discussion covers various areas where UNIDO's

assistance could be useful. No attempt 1is made to list the items
in order of importance.

3.1 COMPILE, PUBLISH, AND DISTRIBUTE RELIABILITY AND MAINTAINA-
BILITY HANDBOOK

Although there are many books on reliabilicy and saintainabilicy
most of these are compiled for use in highly complex military or
space exploration programs where reliability is ganerally more im-
portant than cost. A handbook for the use by developing countries
in connection with the Production of low cost radio and televigion
receivers shonld concentrate on information that would allow the
manufacture of the lowest cost item that will do the job.

With UN1DO's aid a useful handbcok featuring such items, various
part construction and the reasons for thege differences, failure modes,

and hints on writing efficient, economical specifications, could be
compiled. Once such a handbook is compiled it should be published
through the auspices of UNIDO and then distributed to the developing

countries cooperating with UNIDO in producing low cost radic and
television receivers.

s g o Se—ogh,
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3.2 INTERTHANCE OF INFORMATION

UNIDO corld provide the much needed and important communication
infornztion channel between developed and developing countries,

One metnod of accowpiishing this is to compile a list of specialiscs

from davelcped countries in tha fiald of cotiavility and maintaina-
ilicty who conld oid dave esine commrtries with rhedp 26 ticular
problem. Also a clearing bouse conld be aot up to whitceh developing
ceuntries weuld arpty sov Lolp in certaln chronic preblem areas,
Through UNIDU 2t lerst -~ “iioi eoptact with a specialist could be
established.

Problems f{rom various developing countvies could he catalogued
and progress on these problems could be disseminated to all the
developing countries on a quartcerly or semi-annual basis. This
could help each of the countries from having to solve the same

problem over and over again.
3.3 REGIONAL TESTING AND ANALYSIS FACILITIES

It would be most beneficial for each country to do as much of
their own testing and analysis as possible. However, for economical
reasons and lack of trained personnel, start up problems do present
difficulties for developing countries. Therefore, if UNIDO could
establish some Regional testing and analysis facilities the result
could prove extremely rewarding. Such a facility would train people
from the developing countries in the basics of failure analysis and
aid in establishing rudimentary failure analysis laboratories in
each country.

Another important function that could be performed by a regional
facility would be to act as a clearing house for mutual problems.
It is not unlikely that many of the countries in a given region
would have similar failure patterns of components due to environ-
ments peculiar to a region. By having regicnal facilities, the
inefficiencies of solving the same problem many times could be avoided.
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A regional facility could also perform testing and evaluation

of new parts in a more economical fashion than each individual country.
4.0 SUMMARY AND RECOMMUNDATIONS FOR FUTURE ACTION

Thig naper has outline manv of the items that should be con-
sidered in order to produce teliab'e, low cost radio and television
raceivers. The items Jiccussed include:

1o Reiiabilicy Poquirenents

2. Reliability Predi~tion

3. Malntainabiiity Consideration

4. Spare Parts Stocking

5. Component Construction

6. Failure Analysis

7. Component Screening

8. Specifications for Purchased Items

It is recommended that under UNIDO direction, the program
outlined in this Paper be expanded into a useful handbook on
reliabflity and maintainability for developing countries. This
could be accomplished by an "Ad Hoc" group selected by UNIDO from
both developed and developing countries.

Other items that should be covered by an "Ad Hoc" group would
be:

l. Study the feasibility of having regional test and analysis

facilities.
2. Cooperate with the reliabilicy group (TC-56) of the Electro-

technical Commission. i
3. Compile a list of specialists in the field that could afd

developing countries. ‘
4. Recommend that best method of establishing two way communi- |

cations between developed and developing countries concerning
reliability and maintainabilicy.
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In order to maximize the success of the UNIDO program on
the manufacture of low cost radio end television receivers, modern
relisbility and maintainability disciplines must be adequately con-
sidered. The same diaciplim that assured a safe trip to the moon
and back should aid substantially in maximizing the number of prop-
erly functioning receivers in developing countries.
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