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RELIABILITY AND MAINTAINABILITY CONSIDERATIONS FOR DEVELOPING 
COUNTRIES INTERESTED IN THE MANUFACTURE OF LOW COST RADIO AND 

TELEVISION RECEIVERS 

SECTION  I 

INTRODUCTION 

The developing countries are presently in a difficult position 

with regard  to   the reliability and maintainability of low cost radio 

and  television receivers.    This is  primarily because of three  fact«: 

1. Ls.k of trained oeopie 

2. Need to produce low cosi; receiver« 

3. Rapidly advancing technology 

The lack of sufficient trained personnel make It imperative that 

the receivers have long failure free lives.    This means that the de- 

sign saut be optimum,   the craftsmanship flawless  and the parts of 

high quality.    These items tend to raise the cost of receivers and 

therefore must be carefully balanced against the necessity of pro- 

ducing low coat receivers that can be afforded by the market that 

this UMIDO program is aimed at, namely the general populatio« of the 

deva lop lag nations. 

UM problem Is further compounded by the rapidly advancing tech- 

nology fron tub»« and transistors through complex integrated circuits, 

Other fétte ara alao changing but not as dramatically.   Sona changos 

ara to reduce coats and some to improve quality, and some do both, 

•»wovor, In any case changes can affect reliability and maintain- 

ability by altering the basic failure mechanisms for the devient. 

UM prob lo« of selecting the lowest co*t parts, dasiga ate. 

Malt «ill do tha Job is a tough enough problem for developed ceua- 

trian, but for developing countries this taak borders on tha lav 

pete ibi«.    la order to euccaed in producing the lowest cost radia 

ta levi«ion receivers that will do the Job,  reliability 



•nintainability principles *nd practices must be employed. 

Som. basic areas of reliability and «aincainability concerning 

tha manufacture of low co,t radio and television receivers along 

with acme suggestione for future course, of *ction will be covered 

In tha following sections, 

s Tic no;; IT 
BASIC RELIABILITY AND MAINTAÜKA3I7 m CONSIDERATIONS 

2.1 REQUIRED RELIABILITY 

IB order to make the proper "trade-off" between original coat 

of tha receiver, the performance that will satisfy most ueeri and 

«ho maintenance raaource» available certain basic calculation, «mat 

lorhap. tha bast place to .tart 1. by predicting tha reliability 

of a roeaivar or receivers that will meet th. perforane, «pacific.. 

tiOM .at up by UNIDO or some other acceptable source. This la dona 

by obtaining a list of f.ilure rates for the individual piece ».rt. 

•nking up the receiver. Such a list is shown in Table I. The 

faiUr. rates given are expressed in the probable number of failur.t 

for a part type in on« miilion hours of operation. Ttm assumption 

f~ «ha data in Table I ia that th« parts are of a good commercial 

#J»iity and the receivers operated in a climate about that of tha 

tontk temper.ee or north torrid tones. Adjustment, must be made in 

th« failure rate, for change, in operating environment and part 

•polity. If no other data is available then predictions can be mad« 

»tth that dat. supplied in Table I. As more experience i. ,.i„ad 

•lth part« .nd operating conditions more accurate iaUur* rates can 

N »«orated. This is an iterative process of predicting, checkin. 

tea »rotìiction against the receiver performance and using the now 

failure rates for the next prediction. 
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TABLE T. 

Part Type Failure per 
IO6 hours 

Capacitors 

Ceramic 
Electrolvtic 
Foil, paper or 
Mica 
Tanta lu.n 
Variable,  air 

plastic 

1.10 
1.65 

.25 

.83 
1.10 
1.63 

Electron Tubes 

Cathode Ray (TV 
Receiving 

PICTURE) 20.00 
11.00 

Inductors .24 
Lamps 

Incandescent 
Veen 

32.00 
11.00 

la« is tors 

Film 
Composition 
«ire Wouod 
Variable 

.29 

.17 
1.65 
2.20 

Diodes 

Germanium 
Selenium 
Silicon 
Zftner 

3.10 
3.30 
1.20 
l.iS 

Tramaistors 

Germanium 
Silicon 

•.to 
2.SO 

Switches, par contact tat 1.75 

Trama formare .34 

Speakers 1.72 

Xatesratad Circuite 4.00 



*» .««pu of * prediction for a hypothetical 7 transistor 

receiver is shovn in Table 2. All of tha p„ts are listed along 

with the number oi tLmcs eacl, i, used, Then using Table 1 - the 

•xpected number of tailur, for each part type for each .illion hoars 
of operas:. ,, ^incd  ,|id r. ^ in ^^ ^  ^ ^^ ^ 

failure r^tp f¡••- >*<•-* ,-.,... .     , t,„ ,,ch j.oll. typt: e.,tll5B. , (..ntj numbi.t. o£ Liracs a pari_ 

ia used)   is mu1 LìTI-, p-j   h- ,-.•!.    •>   /,>      •  J- i.-'.i.J   o.   u.lu!.!:   ,   (f.„f,   j-ai.ìire  rate pei   part   type) 
«nd  the predun   i,f,tf-î   in '•„].,,«  .'<      T»    <•   • > -n  .c.j.j,,n u.    ine   far lure rate  for   the  rerej/r-r 
i. determine by „„,.„; „,  .,,_ 4_    lp ^   ^e  ^ ^   ^   .^^ 

rate f„r t„. h,,.(-Mti! .: rf. fJver „„„,„ lv 62>M  fa. . ^ ^ ^ 

million hours  of op.ira-: :. :r.. 

»# u.u.1 »ethod of expressing the reliabliity of a receiver 1« 
1. terms of »me«, time betve<sn failures„  (HIBF)>    ^ ^ ^^ ^ 

"clproc.1 of the failure rete,   that is,  one million hour, divided 

* «2.55 f.llure8 per million hours of operation or a 15,987 hour 
imp. 

K* «oat receiver,  this MTBF would be sufficient fro. the ueer. 

• temdpoint.    The question of adequately servicing the failed receiver, 

•«.t be instigated.      Figure 1 is a graph of expected fallura. 

Wt receiver per year for various MTBF's and various average dally 

«•«•«.    For the above «ample the average failure per year for an 
•vraf uaage of f0ur htur, per day would be a Uilw^    Jf ^ 

**~ being serviced had 100,000 receivers then there would be 10,000 

failure, not counting receivers damaged by mishandling or accident. 

Hlki«! the further assertion that the average serviceman would be 
•~lUbl. 250 day. . y.,r,  then 40 f,Uurea a day ^^ ^ ^ 

••rvtc. loa4 for the area.    An experienced man could a.rvlca on. 

r^lvr p.r day and therefore 40 .ervice-nen would b. required for 
*** hypothetical case dlscuesed above. 

*» foregoing illustration serve, to ,how eh. 8.n.r.l technique. 

«••< to determine the required reliability of a given r.c.iv.r far a 

•av.« set of conditions.    Such an analysis .erva. to «ho» If mv. 



TABLE IT 

1                    Reliability Pr Miction • 

Part Type 

or  a  'íyjjothetí 

Numbe c 
used 

cal   '  Trans LS I <.r Receiver 

l'ai urc 
Pite 

failure Ratü 
- ?arv Typo 

Capacitors,   Electrolytic 
Capacitors.  Frii 
Capacitors, "aiea 
Capacitors,  Variable Air 

4 

r< 
1 

1.65 
.25 
.i? 3 

1.63 

6.60 
6.25 
3.32 
i.63 

Resie tors_,  Coaiposi I ion 
Resistors,   Variable» 

24 
3 

.17 
2.20 

A. 08 
j.öO 

Coils 3 .2% .72 

Diode,   Silicon 8 1.20 .«.60 

Tranaia tora, Silicon 7 2.80 19.60 

Saaakara 1 1.72 1.72 

Trana formera 1 .34 .63 

j                   Iwltchaa  (cot»tact fata) 1 1.75 »•7» 

TOTAL 62.35 

mF"-AT- » 15,9*7 houra 
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eerviceman or higher quality part« will be needed or if it la pot- 

.ibi. to lower th. quality of .one if eh« parta to d.craaaa the coat 
and ttnia nake th« raetlvor available to aor« paopl«. 

2.2    R1QUIRED MAINTAINABILITY 

The two aajor problème of maintainability for lo*» coat radio 
and tolavliion receiver« are: 

1. Shortage of adequately tralnad servicemen 

2, Adequata inventory of apara parta 

Ine shortest of tralnad «awiceman waa referred to la the pre- 

dion« aoctlon on reliability requlraiaenta.    While good »in Cenane e 

manuale do aid aervicing there appears to be no eaey alternative to 

properly trained aervlcemen.   At preeent it appaerà that the trade 

off of reliability vertu« aervicing must be aade in favor of reli- 

ability for developing countries in the insediata future. 

2.2.1   Method of economically etocklng apare part. 

* ayate« has been developed whereby unakllled pcraoaael, ualng 

alarlo «harta and tablea, can «elect the number of apar« parta ra- 

e/airad to support a given product in a given location. 

tha detailed method of progressing a digital computer to 

rata the char ta and tablee ia presented below for general back- 

ground aaterlal.   Information la generated for various confidarne« 

limita, operating times and failure ratea.    Typical caaes are pre- 

eemted for tha use of thea« char ta and tables.   These include t 

1. Selection of minimum apares requirements for a given program. 

2. Determination of critical spares after program has bean 

rmmnlng for some time.   Beeleally thia operation la a check on origl- 

ia! failure rate assumption« in tine to take corrective action be- 

fore a eyetea la out of service due to the lack of a apare part. 

3. Action to be taken If a apar« part ia determinad to be 
critical. 
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In the last decade the method of predicting reliability using 

failure rates of individual piece parts has grown from an experimental 

toy to a standard tool in systems design and development. Since one 

•tap in the prediction of reliability results in establishing the 

axpacted failures for & system in a given time period, it would seem 

logical to tie the spare parts requirem«nts to the same basic method. 

Therefore, the method outlined below was originated which would make 

us« of component failure-rate data to calculate spare parts list for 

any given receiver. 

In the process of developing tho subroutines necessary for 

overall program, a series of charts were produced which appeared to 

bt useful tools in the solution of certain sparo parts problems. These 

Charta are useful, not becauee of Fny  basically new material, but aa a 

rasuit of the form in which the material is presented. They allow un- 

skilled personnel to prepare a spart- parts Hat, and, after tha pro- 

gr*n lias been running for a period of time, to determine which aparaa 

ara critical. 

2.2.2 Computar Program 

Tha charts were developed while generating a subroutine to find 

tha minimum number of spares required to meet, some pre-detarrainad 

confidence level, given the operating time and failure rata of tha 

Ita« In question. The failure tii^s for component parts of rala- 

tively complex systems ara generally found to be exponentially dia- 

trlbutad and^ therefore, the Poisson Formula would apply. 

6" NT / Pa 

Whare Pa - probability of having n f si lures in time t 

T '• «aan-time-between-failures 

t • operating time 

Since failure rate, as opposed to mean-tina-betwaan-faiiuraa, la 

lanarally easier to handle, we can, by using tha aquation 



Failure rate • \  « —— 

T 

redefine the expression for Pn as follows; 

- r• « t )n   e" <* * o 
n ; 

where as before 

n I 

Pn - probability of having*n  failures in tine  t 

t    » operating time 
and 

X    • failure rate 

Now define the cumulative probability Pc  (r)  a«  the probability 
of having r or Uas failure in time t. 

r 
*c (r) -j       m 

n»0 

Since Pc  (r)  is  the probability of having the number r or loas 

failures cf a particular item with 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 there 

were r replacement parts for  this particular item tn 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 

summing the value« of the individual probabilities of  failure» until 

this sum is equal to or greater than the desired cumulative proba- 

bility.    The current working value of n will then be  the number of 

iteme which must appear as spares at  the beginning of some time in- 

terval t to ensure the desired part availability.    The flow chart 

•nova in Figure 2 and described below »as u,ed to generate th« data 
for the charts. 

•ox 1:    Input data to program is entered.   X is the failure rate per 

Million hours, t is the operating time in months tl;is the 

desired probability or confidence level for the chert being 

generated. 

m 



fíenme 2 
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2:    The ratio -z—   -Ui» calculated.    The coni tant 730. x IO*4 

T 

converts time in month«  to time in hours  and adjusts failura 

rat« per million hours  to failure rate per hour. 

Note:    Hie number of hours per month is  taken as 730. 

Box 3s    The exponential e "(X   ^   iS  calculated. 

Box 4:    K,   the number of spares  : equired,  is initialised to sero. 

Box 5:    VI,   th« prc.iLiiit;- of having N failures,   and P3,   the pro- 

babilUy cr having N or  .lebS  failures,  are initislised to the 
value of the exponential. 

•l    If the curative probability P3 is greater thaa or eoual to 

the desired probability,   the results aro »riated.    If s*t, 
tho next iteration ie executed. 

•ox 7s    Increment N by one 

Box 8:   Compute a new value for F2,  the probability of having H 
failures. 

Bo* IS   Computa a new value for P3,   the probability of having | or 
less failures. 

Box 10s The probability of having M or lesa failures, M «4 • are 
»Tinted. 

Iba oaly aubroutine needed to oxeeuta the protra» la m 

tlal routine.    Since the value of the exponential may fall Uto a 

Urge range, a subroutine, which will Maintain sufficient accuracy 

throughout this range,  is required.    A suggestloa for costing the 

an ti-logar i th« is to use a Haa tinga Approximation1 for 10*.    The 

ia initially Multiplied by leg c and than divldod into an 



l'¿ 

«h«.cteri,tic of the result:     fl,efrj.tlmi .       0mta" 

*•"«. 1. positlvc    ,- t,K -»'•-«•    H». th. .rgum.„t 0( eh. 

««a.. d-„   0   "*.."' err0! ln th" "suit £nr » "«"< «•»« es   "ot   «-'xvpea  one .• r   th-   Inch   -n„ít     r    . 
í-K. f dißiL of  the mantis«* uh*, 
the argument ir-  -u- aiivu      x • ì      M"1CiSSa' **•« 

°   L l Vt      c if« •• dial f: - ..   ;..., Ì fc. , , 
! i    th« liait 

o" error ig or?  it-,  -u 

"ti»n ...,t ,„ay occur whon tak.ng the rtclproeil< 

M»  following «ampi. ,,loul „gu me 

Box 1 

Eox 2 

Bo» 3 

Bo« 4 

Box S 

* 30. Failures/million hours 

t - 12 months 

91 <*  .99 confidence level 

R a .262800 

* - .768896 

N « 0 

*2 - .768896 

«(0) - .768896 

lex 6 

It« 7 
P3(0)  is  not greater  than ?\ 
N -   1 

It« • .202066 
Box 9 .970962 

""» 6 

IftX 7 
P3(l) ia not greater than fi 
N - 2 

It* I .026551 
It* 9 .997513 
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lo* 6     M(2)  ie greater than PI 

iox 10    P3(2) -  .997513 

if « 2 

The charts  for 50,  75,   90,   95 and 99% confidane* lavala «re 

plotted ari appear in Figurée  3  t!   ough 7. 

2.2.3    Use of charts   to D^tei/m/no Spares 

The chart» presented in  the preceding section were developed 

to allow unskilled personnel  to perform two basic operations 

aseociated with .pare p«ts  control.    The first operation it ueed  to 

detarmine the number  of apare  parts required  to support a prograai 

for a opacified period of time  at a specified level of confidence. 

The confidence level is the probability that  there will be adequata 

aparea for the specified period of time.    The second operation la 

used to determine  the critical apares after  the progra» has been 

running for some time.    Both of these operations make use of the 

failure ratea of the parts making up the system. 

Table I presents a set of failure ratea  that has given satie- 

factory results.    However,  any set of failure rates (baaed on con- 

stant failure rate assumption)   that has proven satisfactory for 

predicting reliability could be used in conjunction with the spar« 

parta charts. 

Certain itewj may have predictable wearout Ufa which la 

anortar than the expected operating time of the equipment under 

comaideration.    The replacement parts required due to normal 

©ut should be added to the sparea complement determined by 

tlfea •para parta charts. 

lequlrements determined by these charte naad not be con timed 

to placa parts.    Spares for any item (from place part to completa 

•yotarn) which has a random failure pattern can be determined uelag 

tma charts. 
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Th« basic procedure for de terming the spares required is as 

follows: 

Step I        Determine the applicable failure rate for the part,  compo- 

nent,   assembly,   ite,   under consideration (See Table I) 

Step II      Determine  the number or  times  the part  (component,  assem- 

bly,   etc.)  is used  in equipment   to be  serviced by the supply point, 

i.e.,   the number of  times  the   i t«;n is  used in a system times the 

number of systems  serviced  by  the supply point. 

Step III    Enter  the  leit-hand  side  of  the chart at  the value deter- 

mined in Step 1. 

Step IV     Hove up  the sloped  line until it intersects the vertical 

line determined in Step II.    This determines the total  failure rate 

for  the items  for a particular supply point. 

Step V       Move hori.zoncally to  the curve of operating time for  the 

item.    Operating time  is determined by multiplying the  length of the 

program (calendar  time) by the fraction of the time the equipment 

is  turned on. 

8tep VI     Move down to the abscissa to determine the number of spares 

required. 

The basic procedure for determining the critical spares 

after the program has been running for some time is as  follows: 

Step I       Locate the point on the chart at which the original spare 

quota was determined i.e.,   the intersection of the operating time 

curve and the spare parts initially required. 

Step II     Move horizontally to the left until the curve of expected 

operating time remaining in the program is reached. 

SfP III   Move down to the abscissa to determine the minimum aparea 

which should still be in stock for the applicable confidence level. 

Sfp IV     Compare the number in stock with that determined in Step 

III.    If the number in stock is less than that determined in Step 

III,   then the item is in a critical condition. 

After a spare has been established as critical,  the pro- 

bi« arises as to what action ahould be taken.    For a apare 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 

statistical variations associated with the random failure process. 

The original failure rate assigned to the part is usually based on 

a considerable amount of past history and therefore the hypothesis 

that the original fai lure rate i3 correct should not be rejected 

unless there is substantial evidence   .0 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 

trua failure rate could be as  low as estimated,   then it would seem 

reasonable  to recalculate a new failure rate for  that part and in- 

crease the spares accordingly.    This moans   that one time out of every 

ten we vould 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 determined to be in a critical states 

1. Enter the 907. confidence level chart at the original 

failure rate and mova up the sloped  line to the intersection of the 

vertical line representing 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 apares that could be used in the time interval before the 

failure rat« 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 ill of »the basic procedure 

for determining the critical spares after the- program has been 

miming 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 che number actually left in 

s took end the number determined in Step 3. 

5«      If the number actually used is more than the number de- 

termined in Step 2 then a  new failure rate should be calculated 

using the following formula: 

_      N x 106 

Where 

n nt 
o 

X    • new failure rate n 

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 rata and the operating time left in 

the program, determine the number of spares required to support the 

program at the proper confidence level.    (Use "the basic procedure 

for determining the spares required") 

7. Order the difference between the number actually left in 

stock and the number determined in Step 6. 

2.2.4   Examples of Spare Part Requirement Calculations 

Ute following three examples are presented to show several 

typioml case» for the use of the spare perca charts. 

1. Selection of minimum requirements for a given program in 

whlck all spares are ordered at the start of the program. 

2. Da termination of critical spares after the program has 

bean running for some time. 

3. Action to be taken la the cate of critical sparas. 
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Aoouoo a television receiver repair  facility wanted to have 

onoogh aparea on board to service 50 television receivers   for a  three 

year period.     The requirement war established   that  there be a 95% 

Maurence tiat at  least one spare f etch  part: would  be available,  at 

the end of the   three  vear  pei Lou. The operational duty cycle for  the 

receivers was  set at   an average of 8 hours  a day (or   twelve months  out 

Of thirty-six)   for each receiver. 

For this example  the problem is  to determine the number of 

•par« picture  tubes required  to satisfy the requirements stated above. 

Tho first step is   to locate the proper failure rate for picture 

tuta.    Table I lists  this as twenty.    Next select the chart for 95* 

•oafidonee level and enter  the chart on  the left hand side at a failuro 

rota of twenty.    Move up the slanted line until  it intersects tho 

vortical  line marked 50  (the number of receivers  to be serviced at  tho 

rooair point).     This will de tarmine the  total  failure rate  for the 

50 picture tube«.    Now move horizontally  (in this caae  to the left) 

until tho operation time curve for  twelve months  is reached and than 

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

thia caae the abscissa is  intersected between seventeen and eighteen 

•• eighteen    picture tubes are required. 

¿Ui 

Tho sorvlco aanagar in charge of supplie«  in the first exornóle 

it know if any apare parta are in a critical situation in tin« to 

procuro now sparos before the supply i. exhausted,    m other word, ho 

should hav« a method tor reviewing his »tock at any point in tho pro- 

tro« and quickly «electing tho«e items which are in « critical «tato. 

for this example  let us assume that the program in Example I has Won 

maoiing for eighteen month« and has eighteen months left to run.    Ttilt 

would noon that  there is an average of six months of operation Clow 
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Ufe  for ««eh receiver.     The problem is to determine if enough pic- 

ture  tubes  are in stock   to safely complete   the   three vear period 

without re-ordering.     In  th Ls  case we enter  the  chart: at   the  inter- 

section of  the  initial  operatiti,   ! ime  curve   (twelve months)   and the 

spares  in  stock at   the  beginning or   i ie program   (eighteen).     Now 

move horizontally  to  the   left  unti     the six month  operation  time 

curve   is   Intersected.     Then rrur/t  down  to the abscissa  u>  determine 

the minimum number of spares which should be  in  stock  for a given 

confidence   level  to complete   the program without   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 not critical.     If there are  less   than eleven   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. 

Assume that 12 cathode ray tubes had been uaed in the first half 

of th« progran described in examples I and II.     This means that only 

t remained in stock,  and  the spares are in a critical condition. 

To determine if the  failure rate of 20 for   the cathode ray Cube 

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 operating   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 more 

than 10% of the time if 20 were the  true failure  rate.    In this cas«, 

the number is seven.    Since twelve tubes were used,  the failure rat« 

should be recalculated as follows: 

k m r » tf*    .    i?»ip6        .55 
*•       nt# 50 x ex 730 
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With a n«w failure  rate of 53   for 6 month« operating time Uft 

in th« program the spaces required   for a 957. confidence  Uvei  is 23 

(determined   following  »asic  procedure  ior determining  the spares re- 

hired as   in example I),    siace  there are still  ;  tubes  in stock,   17 

tubes will  have   to be  ordered. 

2.3     COMPONENT CONSIRirnu" AND  1>¡UME FAILURE MODES 

In order  to make  the proper  "trade-offs"  between reliability, 

aaiatalnabllity and cost of low cost  roce Ivors   the construction and 

predominant   failure -xoàes  of  the parts making up   the  receiver should 

be understood,     it  is beyond  the  scope of  this  paper  to compila such 

• Uit  for  all or even moat  of  the  parts   that  would be  used   in low 

cost radio and  television receivers.     To point out sorae of  the  type 

Of information  that should be  compiled,   film resistors  and  semi- 

conductors  will be used as examples.     Other information on component 

construction  and   failure modes  is discussed in  the next section on 
failure analvsls. 

1.3.1    Fil« Resistor Conduction and   Failure Modes 

The construction of ne tal-film  resistors  consists of *Ktal or 

•Otal-oxide  deposited on  .-, refractory base.     For high-resistance 

velues,  a spiral groove  is  grounded   in the  film  to increase   the 

affective path of  resistance,     The  usual metal- film resistor   in- 

volves «étais  such as platinum,   paladium.   rhodium and  alloys  such as 

«Ickel-chromium,   etc.    These  films  are deposited on a ceramic sub- 

• trate by evaporation in a vacuum.     Terminations  are made with con* 

Aicting band,  fired on  the end.  of  the core.    The specific  resistance 

of the .«tal   film may be «uch greater  than the resistance of the bulk 
•a tortai. 

THe natal-oxide fil« resistor,  use « tin oxide film bonded to 

• Ilea, core at red heat.    The expansion coefficients of the «ateríais 
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art matched.  The films are rugged so these resistor« are less 

susceptible to mechanical damage than carbon-film resistors. 

Irreversible changes in film resistors result from overheating, 

humidity or mechanical damage. Th increase in specific resistance 

of thin film of metal is thought to be due to the fact that conduc- 

tivity is essentially determined by the mean free path of 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 45 angstroms 

thick does not conduct at all.  Bulk characteristics are achieved only 

et a thickness of 3,000 angstroms. The lemperature coefficient of 

resistance is very low for the metal-films. 

Changes in resistance values occur over long periods of time and 
1 

ara not detected in the usual 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-tar« overload test. 

Tibia III lists the major failures encountered in a testing pro- 

gram on precision metal-film resistors. 

The teat results show that incoming inspection ranks high for these 

resistors as uncovering a number ci defects. Difficulties are also 

notad 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. Mechanical 

tnvlronments apparently are not a problem for these resistors. In 

addition to the resistance degradation failures at Incoming inspection, 

test results also show 0.9 per cent of the specimens inspected fallad 

the insulation resistance, 3.4 percent failed the noise test, and 

0.25 per cant failed bee «use of open circuits. Another major reportad 

failure mode was 17 per :ent of the specimens lacking acceptable In- 

sulation resistance after humidity exposure. 

-v ^..^¿^t*...^ a..!.. ¿Mu 
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TABLE III 

•SSLUL^IrÀlJ-I'AvA gA'yjùi) BY TYPS OF TEST 

(Per Cent of Sample Failing) 

Qual lev Tosr.-*   =•• 

Inceliti';, In?p»rtion 1.9 

Humidity 1.7 

Overload 1.4 

Vibration 0.7 

Acceleration 0 

Shock 0 

Soldering 0 

'erformr.co Xcrr* *• 

Tempsrature Coefficient 14.4 

I250C Life 5.2 

Temperature Immersion 2.0 

70°C life 1.2 

Thermal Shock 0 

High Temperature 0 

Low Temperature 0 

6OOC.  100OC,  1750C and 200OC 
Life 
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By analysing the   test results  of Table III,   it  is found  that 

these devices experienced  the most   failure« during the temperatura 

coefficient   test   (14.4%),   followed  by the failures  oaring during 

125-C life   tests   (5.2Ï.).     The  large number of   failures  for   the   temper- 

ature-coefficient  tests may be due  in part  ro  the stringent  specifi- 

cation requirements  (0.005 per Ctì„t  resistance  change per  decree 

centigrade  in  this particular  instance).    However,   these requirement. 

are reasonable since  the netal-fil:n resistor is  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 Figures  8 and   9.    Figure  8 represents  the performance of 25 sample. 

of 30K-ohm,   1/8 watt metal-film resistors.    They were stabilised for 

24 hour, at  125°C before the  initial data were  taken.    The conditions 

for the teat were 125'C and full rated load.    One failure was recorded 

which occurred because of a loose termination between the  lead and 

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

«taring the test, the medien deviation from initial waa as much 

•• 1.25 per cent, but for 5000 hours the median deviation waa aero. 

The diminution range for 80 per cent of the sample, was ±0.5 per cent, 

Figure 9 shows the end restiits of a 14,000 hour load-life on tin- 

oxide metal-film resistors,  but these particular samples were rated 

•t 1/2 watt and 10K-ohm.    The 75 samples were subjected to 100 per cene 

load at M'C.    It can be seen that 80 per cent of the sample had 

deviation, from initial between +0.8 and -0.25 per cent at  the end 

of 14,000 hour, of exposure.    The total excursion for the median was 

approximately ±0.15 par cent.    Similar resistors of different ohmlc 

value«    had a continued decrease in resistance value by the end of 

the test in contrast to the upswing shown for the 10,000 ohm units. 

Requesta  for samples and data were made of several supplier, of 

•etal-fllm resistors.    Test Data and samples were received from 
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m* 

PICURE 10 
CROSS SECTION 0£  A FILM RESISTOR 

USING TALON CONSTRUCTION 

FIGURE 11 
CROSS SECTION OP A FILM RESISTOR 

US IMC CAP AND LEAD CONSTRUCTION 
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for  tha diffe.-«:r.i behavior   fall  into  «-.he  following three general 

Categories; 

1. A mar g JIM!  probie:;i where  pai Cü   coming   from the   tails   of 

normal  p.-.-.J-.cf.  dis t:t i h,u ioti  combine,   to cause malfunctions. 

2. A "sport."  ...roBi...ini vhern  a parr  or  pai ts   füll well  outside 

of  nor-".-:il  prodti   ':  d ¡ :, l r ibut Ion . 

3. An  environmental   pvobio-n where   the  equipment   is   .stressed 

(intent i.onai1,  or   uuinceiu iona ' i •)   beyond   the design   limit. 

The  problem  Lhen.   is   to  pe-forni  FaUure   analysis  adequate   to 

determine   the   category  ot   failure  ana  alien,   fetdbic!<  of corrective 

action on  an  economi- al  basis.     The kav   to  the   solution of   cht»  pro- 

blem ie   that. wí-lÍ-confroUüu  processes   result   in homogeneous  popula- 

tion of  the  product prcduced.    This   fact  i.<,  useful in  failure analysis 

techniques  anyU.ere  in  the  production c-cJe  from early design   to field 

use. 

2.4.1    Specific  Program 

Probably   che most  effective area  in   ..hieb   failure analysis  effort 

should be concentrated  is   in  rht  manu far turlug  test  area.    This  Is 

because  of  the   large number of equipment   tested and  the relatively 

accurate  railuie  information  obtainable   at  this  point,  in  the manufac- 

turing cycle.     This,   in   turn,   allows   for  ^.aningrul. application of 

Statistical   techniques,     A: 30,   the earlv  feedback   ¿0 •'.esignev*   ac 

this stage minimizes  continuous  "in-plaiu"  repairs.   reduces warranty 

problems  and  results   in more  rtaisfied  cua to.*rrs. 

Th« step-by-step method -volved  for handling par?   t«movaIs during 

manufacturing test is  briefly as  follows: 

?.teP *• Ail Parts removed from an equipment, type are placed in 

a box. The high priority i turns discussed in step 5 should be segre- 

gated by  individual compartments  for closer  surveillance. 

SIC2JL. The parts are checked dall:. r.o sec- if anv patterns not 

previously noted are beginning.     This simple check has greatly reduced 
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th« «mount of rework by minimizing the number of units exhibiting a 

new symptom.     The parta are collected  from the manufacturing area 

once a week by  taking  the box with  the week's  removed  parts and re- 

placing it with an empty one.    This  allow.« for efficient handling 

of the parts  using two boxas per manufacturing test  location. 

¿leP.,3-.    Obtain th«j production  records  for  the week the parta 

were collected.    Using this and a parts  list   the  total number of parts 

tested for that period car, he established. 

,SteP,.fr:    Calculate the percent  removal for each of the parta. 

This kind of an operation lends   itself to computer operation. 

§teP 5<    Determine the 12 parts   that have  the highest removal 
rate. 

&eP 6*    Assign priorities  to the 12 problem areas selected  in 

Step 5.    This priority assignment  is based on many things such as, 

coat of part,   coat of replacement,  ease of solution of the problem, 

technical improvement of product,  history of field complaints,  etc., 

but the guiding rule ia  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 place the efforr.    Experience haa  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 seens  to be enough to keep things moving at 

• 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 investigating the problem haa been evolved  (this process 

le else useful for the investigation of parts removed  for any reason, 

i.e.,  field 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 determine generai construction,  the actual 
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point, of failure, and a possible cause. From this analysis a hypo- 

thesis as to the failure mechanism is formulated.  Then several more 

failed parts are checked to see if che hypothesis still appears valid 

or should be modified. 

After a reasonable hypothesis has been established, a sample 

of new parts is drawn out of stores. Careful quantitative measure- 

ments are taken on the sample 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 meapurements may well form the basis of 

a screening test or a requirement on a 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 

t 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, io called for.  If the 

theory points to a faulty manufacturing process, backtracking through 

the line until the offending process or operator 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. 

If the parts still pa? ^ Incoming inspection, the approach is 

slightly different. Engineering is usually calleo in immediately 

Cince they will almost invariable inherit a problem of this type. 

tfio first step for parts passing incoming inspection is to take 

quantitative data on various parameters to determine if any trend 

exists.  In some cases the solution is as simple as picking a new 
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canter value for a parameter.     Parts at or near  ont end of the  limit 

condition do not necessarily call for a simple pulling in of one end 

of the specification.     It is  possible that overstressing the parts, 

either  in manufacturing  or normal   operation of the equipment,   could 

cause a shift or nominal valu»?   to either   extreme.    Parts requiring 

matching quite often show up  in renoval  as  parts  on both ends of  the 

distribution curve with  very  few parts  in   the middle of  the distri- 

bution. 

In general,   if removals  still pass  incoming  inspection,   the 

problem 1B   to find that parameter which was not properly specified 

In the Inspection procedures.     Care must  be taken 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 t we Iva problems.    The  first five  columns   (part,   cost,  number 

tuta,  number removed and % removed)  arc self explanatory.    The sixth 

column,  "total cost",   ie  determined by adding the cost  of isolating 

and correcting a malfunction  (a conservative figure of $3.00 per part 

vet 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 11 removal) indicates the minimum savings that could be realized 

for the quantity of equipment  involved,  if the 17„ goal were attained. 

Practically,  the actual saving lies between the dollar values shown 
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in column six and column seven.     rhe figures in column seven are 

rf^rmined by t.k«-.o  u ot che nutnDfc.  r>   ;_a used  (r/ of cQlumn 3) 

and multiplying the part coat plus  the cost of isolating and correcting 

the malfunction and subtracting it  from the dollars  In column six. 

Column eight ("Break-Even" increased part cost) shows   the increased 

cost  that could be incunxi,   per pati,   if the removal rate were 

lowered to 1%.    The "Break-Even"  increased part cost is determined 

by dividing the savings for  17. removal,  (column 7) by the number of 

parts used (column 3). 

For  the example shown in Figure 12, the top three priority itera 

would probably be parts E, K and G in that order.    However, when e 

"break-even" increased part cost is as high as item A,   it is advisable 

to take a look at that item to see if a higher quality part could      V 

solve the high removal rate problem quickly. 

2.4.3    Failure Analysis Case Histories 

Qnce an item is isolated for further investigation a compre- 

hensive evaluation program should be initiated. Perhaps the best 

wty to Illustrate this is with some case histories. 

2.4.3.1    Case I    -    High Voltage Capacitor Selection 

The field had been nerrowed down to three possible suppliers of 

a certain capacitor.    All three wore being sold 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 

wer« a valid one,  supplier C would be the best.    À sample of each 

type was assembled into equipments.    The test, in fact,  supported the 

contention that supplier C was  superior.    The equipment was run for 

100 hours and supplier A had about 25% failures; supplier B had no 
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failure« In test but about a 3Z 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 
IM» known failures to date. 

An analysis of the three types of capacitor« showed that supplier 

C had better winding technique« than either of the other suppliers. 

The failures could always be traced to a crease in the foil that 

causad excessive voltage gradients. 

This is a simple example of differences between suppliers.    The 

•oat significant thing about the Investigation ia that the decision 

was «ad«, baaed on the data in Figure 13,  in on« afternoon of tea ting. 

2.4.3.2   Cas« II   -    Radio Noia« Screening of Deposited Carbon Resistor« 

UM technique of acreenlng resistors by «e«as of noise analysis 

2,3 has progressed to the point where it is Included In «any purchase 

specifications.   Before ««barking on a progra« of noise analysis of 

resistors It would be well to study the referenced Material.    Generally 

•••«king,  there ara two types of noise — that expected due to «uch 

things as thermal noia«, nomai processing and fabrication, aise, 

•hap«, and the bulk noia« of the resistive «uterini, and unexpected 

noise due to such thlnga as high current density areas (se« Figure 14) 

or loose end capa.    Th« expected noise level on one type of resistor 

«My wall be above the unexpected noia« level of an unreliable resistor 

of another type. 

I« th« case discussed below ther* was a removal rat« of approxi- 

mately 251 on a certain carbon fil« recietor.   All resistors reaoved 

fro« th« and product showed higher resistane« valu«« than the speci- 

fication called for.    The resistor had a conformai epoxy coating and 

therefore it was decided that a plastic sleeving wae to be put over 

th« 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 established that some of the lubricant was trapped under 

the plastic coating which in turn seated hot 8pots 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 257. of the 
second set. 

A new hypothesis was required.    About this  time we were for cu- 

ate enough to have available a Quan Tech model 327 diode noise analyser. 

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 limitation,  only six 

resistors could be run under simulated circuit conditions.    The six 

resistors selected for test had  the following noise readings: 

ARBITRARY NOISE 
NOISE,  mv. MAGNITUDE 

0.8 erratic 8 

0.13 1 

1.2 > 9 

0.5S 5 

0.25 2 

0.18 1 

RESISTOR NUMBER 

6 

11 

13 

17 

18 

19 

Figure 15 shows  the percent change in resistance for the first 

80 hours of operation.    The correlation between noise measurements 

and resistor performance was 1007..    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 into 

arbitrary noise magnitude  level».     !ilach 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 wore  rejected.    As a final  control,   three 

resistors in the  lowest resectable  noise  level   (noise magnitude 2) 

were color coded and deliberately put into equipment.    All  three failed 

during manufacturing tost.    Figure  17 shows  that the screening test 

reduced the removal rate from about 25% down  to about 17..     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 at a 

lower cost.    Also,  the new resistor selected was the sane size but 

the rating was such that in the circuit the resistor was  only operating 

at about 257, of its rating instead of 677.. 

2*4.3.3    Case III - Noise Analysis of Zener Diodes 

The removal rate of IN721A diodes in two equipments was excessi- 

vely high.    One case  (manufacturer A) was for 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* 

menta 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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physical  construction between   the  three diodes were obvious even 
i 

without a microscope.    The diodes were ported  in clear  epoxy and 

sectioned.     Then   the sample«:   *-ve  etched   to brin¿ out   thy diode 

junctions  and  a picture  of the   junction area was   taken   at  100X 

magnification.     Urn wings  «nado   from these pictures   for  diode manu- 

facturers  A,   ". and  C are  snow   in  Figure   IS.     The arrow?  denote  the 

junction. 

The  differences between  the diodes wore not   limited   to physical 

construction alone.     There worn  also significant differences   in the 

basic  processes   in diking  the diodes.     Manufacturer A used a diffused 

junction with ueron a;?   the  V dupant,   arri phosphorous   as   the N+ dopant. 

Manufacturer  B used an etched  al'oy  tedmi^ut-  for Raking   rhe   junction 

with aluminum silicon outectic   js   the  P dopant.     Manufacturer  (,   as 

did Manufacturer A.   uac-d  boron  as   the p dopant  and phosphorous  as 

the N+ dopant,  but used a planar method  for producing   the junction. 

Manufacturer C also used  a process whicii caused   the ^eimr breakdown 

to occur  in the infernal  portion of  the  june fi. on  rather   than at  the 
surface.   . 

The differences mentioned  above also resulted in electrics! 

differences  not covered  in the   IN721A specification but,   nevertheless, 

important  to the  two circuit applications  under  investigation. 

Five diodes   from each manufac urei   werf." selected  at  random. 

The noise  level::   for about  the   first  250 ua oí conduction were viewed 

on an oscilloscope.    The  standard diffused  silicon wafers'  character- 

istics   (manufacturer A)  exhibited high noise,  multistat* breakdown 

(resulting  in junction hot cpots)   and a  large dissimilarity between 

the   3  diodes.    The alloy-type  junction  ímunufacLurri-   B)   produces   the 

following characteristics:   a high noise   Uvei   in   two diodes,   multi- 

statin-,   and non-unifovaiity of   the diede nuise characteristics.     The 

characteristic of a planar /enor diode   (Tcmufacturcr C)   wore designed 

for  bulk  breakdown.     Tmvo diodes hav,.   lc; nci.se.   no multi» tacine  and 

relatively f;ood auilocmity. 
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m 
-a- 

IN721A Zener Diode - Diffused 
Junction (boron for P dopant) 

-b- 

IN721¿ .?,ener  Diode  -  Etched Alloy 
Junction  (aluminum silicon 
eutectic as   the  P dopant) 

IN721A Zoncr Diode  -  Planar 
Diffused  (doped for  internal 
breaWlovn) 

FIGURE     18 

ETCHED OIODK SECTIONS 
SHOWING .Tl'NCTIONS 

100X MAGNIFICATION 
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Figure 19 shows  the E-I characteristics and the noise voltages 

generated at diode breakdown for a representative sample from each 

manufacturer out  to 2.4 milllamps  of conduction.    From this  arries 

of pictures  it is  obvious  that  supplier C had the  least noisy diodes 

for operation in  the. malfunctioning citcuit where  the  current range 

was  from 0.:; mils   to   1.5 mils.     Th.- prcsont  theory for  this  phenomenon 

is  that  the junction designed   ,?cu   internal  breakdown did not have 

surface problems which would eau e multiple breakdowns   of the Junction. 

The noise characteristics alone did not solve the second diode 

problem of unstable oscillator performance. Four diodes were selected 

at random from each of the 3 suppliers. The zener current vs the 

dynamic impedance was plotted using the diode noise analyzer and an 

oscilloscope. Figure 20 shows these plots for the 12 diodes. Here 

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

Both diode problems were solved by using diode« made by manu- 

facturer C.    The cost 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    C< ranercial Physics of Fai  ure Laboratory 

The  first step into the world of failed-part analysis is usually 

taken with apprehension.    Most people lack the knowledge of component 

construction and,   therefore,   there is great reluctance  to look inside 

a component.    However,   chose «¡io have entered the field would urge 

every apprehensive person  to Mart dissecting components  for a useful 

education.     It isn't until knowledge gai. ed 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 problem is  one of vendor  selection, 

devising a screening  tesi,  or studying a  failed component. 
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The purpose of a commercial physics of failure  laboratory is not 

.for batic research on components,   but primarily to gather enough in- 

formimi to make intelligent decisions.    The  component manufacturer 

probably knows more about his product  than anyone else.     Therefore, 

if enough detailed Infornatici» is  gathered on a specific  problem to 

carry on an intelligent eversati,L with the  manufacturer, he will 

Mually meet you more   than halfway in arriving at a sensible solution. 

However,  before  a supplier can help, he must be given more to work 

on Chan - "Your components  aren't any good -   they keep failing.« 

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

1. vendor  selection and liaison 

2. rapid isolation of design, manufacturing,   or field problems 

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

duction to continue 

The gamut of problem  that could arise is exceedingly large. 

In addition to the three cases cited above,  ten more representative 

prob lens are outlined  in Table V. 

rrom the ten foregoing examples it  is obviou«  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 

•older fluxes,  cleaning solutions,  etc.,   by using litmus and silver 

chroaut« paper to detect acidity and chlorine problems can be carried 

oat for pennies.    Example ten above was  solved in about two hours 

»•lag less  than one cent's worth of silver Chromate paper.    If this 

problee had not been detected and  corrected rapidly,   thousands of 

dollars of rework could have been wasted on this item. 

along with simple,  rapid,  low cost chemical testing equipment, 

a basic laboratory consists of: 

Metallurgical microscope 
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IVo eyepieces - 4X and ÌOX 

Four objectives - 1.5X, 5X, 10X, 40X 

Leitz IPSO microscope-to-camera adaptor 

35mm camera back 

Vertical illuminator 

Microscope lamp 

Ojian-Tech Model 327 Diode Noise Analyzer 

Scar« lapidary kit (for preparing samples) 

Small oven 

In conjunction with normal incoming inspection facilities, the 

«bove equipment is ail that ha. been necessary to solve every probi., 

encountered to date. The only major piece (over $200) of equipment 

purchased for the failure analysis laboratory has been the diode 

ooise analyzer mentioned before. The usefulness of the noise .nalyt.r 

ha. not been fully explored as yet, but the amount saved to date ha. 

already paid for the equipment several times over. By making only 

•inor modifications in the diode analyzer it has been possible to in- 

litigate not only diodes but also transistors and field effect tren- 

tino«. Of course, resistors and certain types of capacitor, can 

be investigated without modifying the analyzer. I do not want to 

Uave the impression that all problems can be solved through the use 

of the noise analyzer, but our experience has been that, when care- 

fully uaed to determine statistically significant differences between 

parts »ade by the same process, an<' the reasons for these difference, 

determined, the noise analyzer can aid significantly in improving « 

product in the areas of reliability and over-all cost. Probably the 

bi.f.t advantage of the noise analysis approach is that it offer. 

a food, rapid, non-destructive method of screening out defective com- 
ponents. 

Don't undere.timate the value of the camera. At firat Polaroid 

was tried, but .ince toon, .11 pictures have been taken on 33«. Koda- 

color X. The cost per print - Polaroid black and white v. Koda- 

.-•'- * - is about tí« same. The advantages of using Kodacolor ares 
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1. Good reproducible color prints art availeble tor report. 

2. High-quality slides can be made from the color negative 

3. The film appears to have a wide latitude 

The major disadvantage of Kodacolor is the time required for 

Processing. At first it was fhoiighc that this would be a serious 

limitation. Because of the wide range of exposures which will yiald 

«••ful pictures, the namber of retakes required has been insignificant. 

2.S COMPONENT SCREENING 

The subject of screening parts is a complex and controversial 

•object. The amount of part screening should be based on the results 

of the failure modes and effects analysis and the results of analysis 

em all failed parts, in this manner the screening testa, if required, 

earn be dene in the most efficient manner. The screening of integre ted 

circuits no doubt affords the most topical example for detailed die- 
emssion. 

Integrated circuits are today in about the same situation that 

transistors were a decade ago. The glamour has worn off, corners are 

»eimg cut, marginal suppliers have moved into the field to fill the 

Urte demanda, and even reputable suppliers have several grades of 

circuits using the same chip design. The pendulum has begun to swing 

•way from the perfection eura that .ntegrated circuits had. People 

now are beginning to realise that it takes more than the name "Ule* 

grated circule« to build highly reliable equipment. 

•Very time e new device appears on the market the pendulum 

•wings mack and forth until all the myths and philosophies are tested 

ma  the device is an established Item. One of the most common attl- 

temTem Unding to unreliable parti is, "These parts are just aa good 

M tnc top grade parts} they probable come off the seme production 

limn, and they save me about 25X". The parts probably did come off 

«he same production line, as rejec*, ^sthapa, or they could have 
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been made by a supplier, much liko the equipment manufacturer, 

«ho bought hi. raw material on the basis of a trade name and a 

251 discount. 

There has been much evidence that integrated circuits, properly 

•pacified, screened, and handle d, , in fact, produc, equipment. 

that far surpass the reliability ot equipment built using discrete 

components.  There also has been much evidence that equipment built 

«int integrated circuit,, without screening, plastic encapsulated, 

*n<i ueing »commercial grade" have had lewer reliability than the 

electromechanical devices they wer. supposed to replace. 

The question then becomes how does a prospective buyer or 

-anufacturer of equipment find bis way through ti.e ma2o of conflicting 

report.. A good way of Partir, is to understand the basi, fai lure 

•Od.. of integrated circuits. The comprehensive ten pa** Table IV 

•hows po.sible failure modes for integrated circuits. 

ly sampling a ferf circuits from various manufacturers and using 

•uch techniques a, Step-streSá testing it is possible to Und which 

failure »odes are most prevalent rrom a { ..van «anufacturer. With 

this information available, «canonical screening methods can be 

developed to keep bad parts'from being assembled inco the receiver.. 

The previous example has beer. levoted to integrated circuit 

•cr.«,ing. IM. is not tï  c,ly .,, . „here efficient screening 

procedures are useful. The following example concerning the screen- 

ing of .olid tantalum capacitors is a good Ululation of an effi- 

cient approach to parts screening. 

A study of the failure mode, of .olid tantalum capacitors re- 

eled that better than 90% of the failures were due to breakdown of 

the tantalum pentose dielectric. The next step was to screen the 

capacitor, using some form of power "burn-in". This was effective 
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1« removing the weaker capacitors from the lot. However, the proce.a 

«as relatively time consuming and costly. A detailed study of the 

failure mechanism, revealed that thin spots in the dielectric caused 

the capacitor, to short. Further investigation showed that a «impla 

dissipation measurement at a lov; f2s* than 1 volt) DC bias and 60 epa 

was as affective as the long 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 la 

the program. However, if the results of the screening tests are not 

cloaely followed the testing will become inefficient. By carefully 

analysing the parts falling the screening teats, more and more 

afficient testing can be used. Of even greater importance than eh« 

better screening technique«, Is the information that Is available to 

Institute corrective action so that the total product reliability it 

significantly improved. 

2.6 SPECIFICATION FOR PURCHASE ITEMS 

Ibi foregoing sections discussed many of the piece, of infor- 

mat loa required to write a good specification in terms of quality 

and reliability. For example, if the predicted reliability of a 

receiver has plenty of margin for a particular requirement, than 

item» .pacified for that receiver can be purchased from reputable 

•affilar, without any extra screening or testing. Also, the pre- 

station indicate, what purchased component, or subassemblies contri- 

bute the moat toward unreliability. Then by knowing the construction 

and failure modas for a particular item, economical and efficient 

acreealag or aging procedure, can be added to the general part speci- 

fication. 
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2.6.1    Asseribili Su'>.TT,cmbl ¡.es 

The more complex sul-av... ..hli<¡s  -ihould probably have an MTBF 

specified  tendici   ñth ,- n;   v,,   frv (in; ir<r, 1£  thc requlreRUìnt 

is met,   th^. environnent in mich  t .e ÏIÏBF applies,   aid  the penalties 

for not meeting  th- spccid^úr,,.     jr,., u.ean-titra-to-repair (MTTR) 

should also ba  specified along with  die skill   level and equipm-nt 

required to meet:  the specified ;;ITR. 

rue use 01   ICO Lou.   ,a:.lui-   r¿Cp ^ri'ntion before an assembled 

item can be accepted  is  -enera H - a round investment.    Other relatively 

Tow cost accepu-uicc.  testing  that >ids proven effective is  thermal 

cycling   low i-.|.Htude «;inv;le   fr-f.iv.uoy vibration,   and simple  low 

!ovel raechan:.c-il  ¿heck.     Tho   the.-nal  cycling u-;i.*lly consists of 

several cycle- moving -q:iDnit,u   yrom 1 t.Ur.>hcr a,  eievaCed tempera- 

tute  to one .U   low  tp^cìvtu:, .     r.v,   lev froc.a-ncy vibration is 

usually done at  0 n.-ircsor.ant  frc-qut icy between 20 and 60 cycles per 

c Aeon, at ...o.  .-.   ,  .':,,.   !,,,..u      :1ic ^..h,njcaJ   silCoI.   .!s  doae flt a leyftl 

low caoy:-.h not-   *c,  — .6* ciaras..   to a r.cod piece  of equipment but high 

enough  tc  cause  ,.a::  e.ui¡-at   to   fail       flr»  purple  of all  of  these 

tests on n^(.-,-.V,i Rc:u..  ls   v   ^,V(. c.., ly .-ai:rres caused by aub. 

standard pnrts »-nd ¡jor i.-jrk..ir.n;ihip. 

2.6.2    Ccmonen':  Part5 

The undeilyi^ ; a.ifc      > writ inj» cocr. effective specifications 

is   that parts  »:;!,.  ly   ,:,,„  ,C..,  proccd,   ,îl;;v.:d baVi,  ^^   ^^ 

tight,  continuos  di.Lribntion,'  of any insurable characteristic. 

Another imporne  itnu to kct-j,  in ir,inr   i«,   that  in ordgr  t0 §Uy t|| 

business a -.rodee-   ,.,;si.  be made   íiüJuy with existing components.     Die 

problem then is   co 5(J,.ct   (.ho best component fma about a half do*an 

available manufacturers    TW  solution of this  problem is attained 

by  finding differences  in component characteristics,   both between 

•anufacturers and within a ,ample  from a ,;iven manufacturer, and  than 
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determining the reasons for the differences. 

Alce the technical problem of what causes the difference. 

between components is determined, the choice of what part to uae 

becoe». one of economics. Some of the costs which mr,t be conaidered 

ia making a final selects ül-,.; 

initial cost of part 

replacement costs (both in plant and In warranty) 

coat of screening 

salvage coats for parts not passing screening 

gem or loss in salea due to improved or degraded performance 

By understanding the failure mechanisms and devising staple, low- 

est acceptance criteria using physics-of-failure studies, reduction 

In the overall coat can be attained while improving performance. Ih. 

technique of writing tougher specification often does not solve the 

treble» while it almost always increases the cost. This situation 

la co-pounded by an apparent law which does not allow for the removal 

of • requirement once it has been established. There are ca.es «hör« 

expensive Screening tests were continued for over a year after a 

eesign change eliminated the need for such screening. 

Ihe reason usually given for not removing an obsolete require- 

•t«t if that, "the person who established It must have thought It 

«04 necessary so why take a chance" Therefore, before any require- 

•Olt 1« added to a specification, a report giving the specific need 

for tao requirement should be referenced In the specification. 

the International Electrotechnical Commission whose headquarters 

•to located at I Varembl Street, Geneva, Svitrerland has a technical 

committee (TC-56) that is charged with the responsibility of handling 

international reliability problems. Two publications that would be 

of interest to developing countries are: 
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1. Publication 319 

First Edition 1969 

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

2. Publication 300 

Firrt Edition  1969 

"Managerial Aspecus of Reliability" 

3.0    POSSIBLE AREAS FOR UNIDO ASSISTANCE 

The following discussion covers various areas where UNIDO'i 

assistance could be useful.    No attempt i. made to list the its« 
in order of importance. 

3'1    LSS^HAJSSS"'  
AND DISTR1BUTE «"Kim AM) MAWTAIHA- 

Although there are many books on reliability and su in te inability 

•ott of these are compiled for use in highly complex military or 

•paos exploration programs where reliability is generally mora là- 

portant than cost.    A handbook for the uae by developing countries 

in connection with the production of low cost radio and television 

receivers should concentrate on information that would allow the 

«•»»facture of the lowest cost item that will do the job. 

With WW, -Id a useful handbook featuring such items,  various 

part construction and the re.son. for these differences,  f.ilure _ 

•nd hints on writing efficient, economical specifications, «mid be 

compiled,    once such • 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 coat radio «ad 
television receivers. 
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•) i 
INTERCHANCE OF INFORMATION 

UNIDO cor Id provide the much needed and important cotmuniration 

information channel between developed and developing countries. 

One method of accomplishing this is to compile a list of specialists 

frort developed countries in zh»   field o£ , ,. - iuuLliLy ,ind malntalna- 

liliry '¿ho con Id •:!.<•' .hive ' <- M r,; countr ier, vUh thpfr ??.- ticular 

problem.  Also a cleiri:i¿ 'nuse .-ouid b* ?-t. up tc which developing 

countries would ar^v ,ur h-lp in certain chromic prchlt-m area;-. 

Through IVJII'O >u:  !rv-;t  :'j.:;;: contact with a spur, talis r could be 

established. 

Problems from various developing countries could be catalogued 

and progress on these problema could be disseminated to all the 

developing countries on a quarterly or semi-annual basis. This 

could help each of the countries from having to solve the same 

problaw 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 

•ach 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- 

nants peculiar to a region. By having regional 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  RECOMMENDATIONS FOR  FUTURE ACTION 

'Ais naper has  outline many ot   the items  that   should be con- 

sidered in order   r;o produce  reiiah'e,   low cost radio and television 

r-ceivers.    The   iu-ns a«cussed include: 

1. Ita liability requirements 

2. Re 1 iab 11 i t y  Fred i e t ion 

3. Maintainable tv Consideration 

4. Spare  Parts o rocking 

5. Component: Construction 

6. Pai lure Analysis 

7. Componenc 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 

reliability and maintainability for developing countries.    Ihie 

could be accomplished by an »Ad Hoc"  group selected by UNIDO fro« 

both developed and developing countries. 

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

1. Study the feasibility of having ragionai test and analysis 
facilities. 

2. Cooperate with the reliability group (TC-56) of the Electro- 
technical Conmission. 

3. Compile a list of specialista in the field that could aid 
developing countries. 

4. Recommend that best method of establishing two way communi- 

cations between developed and developing countries concerning 

reliability and maintainability. 
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la orter to naximis« the lucetti of th« UNIDO program on 
the menuf«ctur« of low cost radio and tel« vis ion receivers, modern 
reliability «ad maintainability disciplines muse be adequately con- 
s Id« rad.    Ih« santa disciplina that assured a safe trip to the moon 
«nd back should aid substantially in maximising the number of prop- 
erly functioning receiver« In developing countries. 
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