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Abstract
'lhit jtaper re|iev'\ the reliabilitv of electronit: tt'ithttr

ihe lelecoti area. ^l.ssumpfiort.s u,sed,fot" prediction 'tf the

veliahliiy^ ol cn electt'ot?rt -\'trs'1tlli ctre re"'ttv'ed ottd t-tirn-

paredv'rth infornatri>n gathered fi"ittrr the !orge\t {pfipu'
t('r st'\icitt in the v,orld - the telecom nehritrA. \{eihorls
use d f u' on o !.v st n g. /i e I d r t: l i a b t I i N rJo I u a r c cle s cr i b e d sn d
a n ev, me t ho d u :; i n 51 p ar ane t t' i c op h nt r's at i ctn i.s pre t c n le i!.

THE REL i,ÄJB ILI'l\' OF FLE CTRO NrC S i s becoming
increasinglr in$$rtärt Hospitals" ba nlis" traffi c control
telecom busir,tess. ctc all depend on rebablc eieclrolilcs
Iodal tlrc qualin rcquu'*ments on incjl\ ldual colnponcnts
orburlding blocks arc so hrgh that il is dfficulf or crcn
irnpossible to verifi f:ulurc rati:r-c duritrP, the s.!rh qualfi-
catioli or latrr tn the produchon plmsc I{cnce. therc rs a

nced to anah sc thc qualih and rcliabilrt-t cf thc prcducls
based on reel fielcl usc data.

It is also necessa{ to rer reu the assumptions madc for
the lstem reliabilitr predrction As the qualin lerels
inprove. rle ha.,e {o intprore our nrcthods of qualiq
prcdictron

Intius prlrrwe nill lcck at some of these assumptloru
and compart thern ri itli iindrngs from real l-ield use data
We rirU also iook ;:t ddlerenl. mcthcds ior anall sing ficld
larlure data

THE LIF"E CYCLE COST

Todar rr c are rrsed to ha'r ing lnore or iess fatlure free

electronics.'f hc banktrg machrnes alrl a1 s w orlt. thc telep-
honc lines and pouer lirrcs rvork most of thc timc Car

elcctronics is gcttlng morc complcr and at thc same trme
cren nlorc rehable

Ser'eral conferences arc addrcssrng drfferent reltabilttr
topics lust to mentron qoine of drcm

Reliabili\ Phr sics
ESREF

ESD
ISTFA
Tcst structurc worl..shcp
Inte grated reliabrli n ".

Mam books and artrcles can he fcund on thc subject

The retrabiliql ol a der icc or a s\ ste 111 ts alsrr an lnipoJ -

tant part of thc total Lift: Clcle Cost {LCC) of that part or
$.stem. Failure cclsts are multiplied try a factor of at least

-5 fbr cach step of the prodtrcl lifc crclc that rs passed

tmpcrtant parts oi tlie t,CC irrs t g iailure costs at thc
boardtesting.failure costs at tlre intcgrated sl stem iestlng
faiiure costs at thc inslallation icstrng and tailurc eosts

lncurred ln thc field usc dunirg the guaranrcc grnod or
iate r on. Wc carr see a contlatron betr'', een tlresc costs ln
our s] stcrns. \&'rll desrgnedand assemblicd products t'fteil
cause lorr costs all thc uat' See figure I thal gtrel a

sufitinan, of statistics from a sct of dif,fercnt mass produ-
r;cd boardc The numbcrs hart: becn noilruhrr'd'ntd thc

relations bctl een them are correct lbr thts studr

ij';ten: ,.ni ll,:ld {äriurcr

r -l . trr

ll,rard tt::;i lbilures

Frgurc i
Thc correla.trcn behr een board test farlwc lcr cls and fai-
lure trer cls at s\ stcm tesl and in fi:ld scn'ice

One inayor part ol fhe l-l'{' is thc test ccsi it ts clear
that rmpror-cd reliabilin antl reduced failurr, l*els rill
open up for rcductions of thc tes{ costs. This can c g tte

clone b1 samplcd testing" Ship to Line (compcncnls).

shorter iest times. tcst programs that ado$ to the statistics

b1 themselres c"c.
'fhis shclr, s irow important a good product reliabilitl is

even without consrdering the negaiir,'c cornmercial effccts
that a bad reliabilitl reputatron can and lr ill cause

ln this paper u e r ili marnll be looking at tnicrocjrcurt
and board reliabill$ T'he rnethoCs prese nled canhe u.scd

io n aluaic the mhabllitr of arq prociucl,.
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I I{W' Rf,LIABILTTY REQUTRf,MINTS roR A
TELEPIIONE SWITCHING SYSTEM

The subscribcr e\pects to complete calls uithout inter_
ruption. In rcaliry- there is a smalfrisk that hc will erperi_
ence a certain downtime per vear. The rcliabrlrtl of äach
singlc clectroruc switching systcm is the ker. .L;;;i
the total network's reliabiiin. It is designed to have an
ar ailabiliti. that often is descnbed b1 thcsä charactenshcs :

- S1'stem restarts (numberÄ ear)
- System down timcs (measured in mrnutes{.ear)
- Line dor,ln times (nreasured in mrnutes/r ear)
- Thc nunrbcr of sr,hscriben disabled due to a srngle

HW failure must be limited
- HW redundancv is prorided for all equipme nt hånd_

ling more than l2g iines.
- HW failure intensiq rs often measured as the number

of board replacements per l0()0 subscnbcrs *d r""r.
- Indnidual boards and componems arc mcaiured bv

MTTF and FITs rhere MTIF stard. fo, Vfcan fime iä
I,ailure ard f{f is a short for Failure unIT. cqual to one
railurc per lt,- component hours

FI ELD RELIABILITY MEASURtrIVIEN TS
Witlun the telecom area there are se;reral rnethods

apdied for the anall sis of fielcl reliabilitl. data. Some of
tncm $ ilt be cbscribed in thc follou ing

AVERAGE F'AILURE INTENSIT1
T'his metlnd assurncs that thc failure rate is corrstant so

that the farlurc rate and the tbilure intensiil is tlre sanre.
This is tlre same as assuming that tlre LIFp model rs .,alid
(homogeneous poi sson prociss=Hppy 1

. In this tral the *9rr1! ofboar,ls or compon€nts put
rnto sen rce arc multiplicd br thc ficld usc tr*å in ordei to
get thc totål number of component hours Thcn the totai
amount of registercd iaults is dil idcd bv ftat number to
gct an estiinatc o{ thc failurc inlcnsrrr.

Thrs method is strll frequenrlt useå because rt is simpleIt lras. houerer. a ferv drawbacks. ltrinl it accumulates
numben. and u'ill in the long run bc fairll jnsensitive to
detect increasing failure rates. Second. rt gives no infor-
mation on earll, farlure rates of the producä.

NON PARAMETRIC ANALYSIS. NPA

- - T-" method of non-parametric analy sis is describcd br
J. Moltoll' 'Ilus method has successfully been used for ä
numberof1earsat Ericsson felecom AB. Thetnarn reason
behindttuswas that ue neededto quantrfi both the initial
failwe intensities and to be able to åerca enr sigrr of earll
$'ear-out preferabb welj in adr ance of our-cusiomer As
our hardvrare populaticn (e g. A)(E su irching il stcins) is
c,otityygr,r,slf. grorr ing we necd to bc able to-analr sc ilrc
dan taking the gro$ ing popllatron into consideratron.

Non parametric analrsis docs not depend on am pre-
sumed life distribution of tlre studied object. On the other
hand- it requires a greaL deal of data-before i1 can be
applied The following is required:

- The flme (date) when each unit is brought into scrvicc

- ldentilication of the location of each unit
- The number of unils installed at each locaiion

A reparr report for e.ren rndrr,idual returned part stating
at least the following:

- Product identification number
- Locatian I herc it failed
- Failure datc
- Fzulure description
- Reparr infonnation
This infomration has to be collccted for each naftet

that we $ant to cor-er. cither totall.i or frcm a repre_
sentatrve sample of AXE sv stems.

_, ftgur: 2,is an c.ranrplc of a siudr of one board tr6
J he gaph shou s the number of instailed boarcls and ihe
number of reported faults per each month

2(.\

l:5

Installed/mon*r (k) Returnedrmonth
' llcarrL installsd
+ Silice returns

+

9106 ql{)t i.i07 93r)l 9107 94(it 9.107 9501 n;1ri

N4onth

Figure l
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An erample of field farlurcs from one hoard n pe rnstdied
dunng iri o \ ecrs ard lbltou ed for for. 

.., cars

.All l5ilh troards har c. todav b*cn n orking for at lcast
tu'o I e:rn and a feu up ta fir e li:an

123+
Years in sen,ice

The nunrber of failures i:runt of usc riine nhen ail
rnstalled boards are mergecl into a cormnon stärt Ume

iloards tL i
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The infornntion from the repair reports was anall'sed
at the end of 199.1 by using the non parametric method.
Each report u as tracedback to its location and sen ice starl
time. A computer is the n used to compile a population file
u'here all units used tbr thc anah,sis are assigned a com-
mon start-timc. The differencc between the failure date
atd the start date then gives the field use time for each
farled delice. The number of devices in active sen ice is
then plotted as a function of field use time, not calendar
tune as in figure 1. Figure 3 that gives both the number of
deviccs in sen'ice and the nunrber of retumed del'ices vs
use time. Wlnn tlus anall sis was made all parts had becn
in use for at least 1..5 r-ean and some of them up to three
lean.

Tlus information is then used to complte the failure
intensiry of fte product of interest in each censored time
inten'al e.g. month. Figure 4 shows the failure intenslfy
ard accumulated fiulure level of the product that had the
senice prcfile of figure 2.

Failure rate [fits] Acc failures [9"c'l

. '. Åcc. oo

-l;il\

..-;
aa
^!. .)

Years ir-r sen'ice

Figure .1

The pornt estimate of the failwe intensit) pcr morlth of
field use time and the accumulated farlure ler el in 9,i' of
the base population that has been rn use for that trme .

This mctlnd is uscd both for board and component
rcliabilitl anall sis. In this case the lailurc intcnsitf is
calculated as a point estimate l he re thc number of faults
are drvided by the numbcr of uruts that har-e been in use
dunng the censorcd time period. More examples arc gir cl
later on.

The rnain drau -back cf this method is that it requires a
lot of detäled data that oflen can be drfficult to eet hold
of.

PARAMETRIC OPTIMISATION ANALYSIS, FOA
Most of the manufacturing irdustries knou' hotr rnanr

parts t}rcy have sold each month or each 1ear" It is also
common tlut they have infonnation on 1he nurnber of
ptodrcts that havc been rcturnedbrck for scn rcc or repair.
at least during the guarantee pcncld"

It is less likely that the manulacturer can trace all
failures back to the individual rxcr and to the point in time
u'hen cach particular product was brought into sen'ice. In
order to be able to rnakc use of all available repir infor-
mation rve have developed a general procedure for field
data anal,vsis with nrimmal requirements on the rarv dala.

Table 1 gires an erample of such a set of minimunr
field dala information. It states onlS' the censoreci time
inten'als (months). the rnrmbcar of uruts brouglrt into scr-
vice b1 cach month andfinatll' the total nunrber of renrrned
unils b' each month. Thc table does not sar from uhat
installation period one particular returned unit comes
from.

The arm for the anall sis is to finrC a ld-e distribution F-(t)
for thc studicd prodrct that gn'es the best flrt to tlre rneasu-
rcd data such as the ficdve exarnple grr,en in Table l.

In_ stalled
100q

500
2000

2250
s9q

. &qturngd

.9
9

.25
35

,26
__ 20

.14
l3

200f)

I 500

1 000

500

0

l-5

l.t)

05

t2
l1
l0
10
9

Table 1.
An example (fictive) of mrnimum information needed lbr
the anall sis of field reliabilitl' data using the POA mcthod

T i N I It , Tz i Ts T.t ,,IS
lr I Nr -lr.r,NrEzINqFr,Ntfo,rytnrTzrNz
Ts N: N:Fr NrFz NrFr

I -l--_ 'i

)

Te No
T. N'

NlFl I NrFz 
I

, NsFr

.;:
=..'--=+---=1:.. * .11 .

Table 2.
Thc calculalion of cxpcctcd failures dprnng cach time
period Tr. For each period N' devicrn are brought into
senice. F, is thc probabiliS that a dcr icc rvill fail in the
inten'al Ti cf rts ounsen'ice trme. The sumofeachcolurnn
is cornprred x.'ith the actual number ri returned during each
penod.
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Psfinaions;

Tr : Calendar time Period I

t : Field use timc
Ni = Number of units put into sen lce

i': NumUer of returncd units during period T;

f'ttffft cumulated failure densi$ function

i )"= rtij-rlti-t): the probabiliq of failure in period Tr

Table 2shows in a matrix horv the expected number of

falures are summed up for each time p"lodj The game-is

ää" öf-aG functiön F(t) that gives the best fit to tl€

real amounl of rcturncd devices'----fftlt 
calculation is performed bv an Excel 5'01 appli-

cation where an automatic optimisation subroutine is used

näii.url' the sum of all squared differ919es belw1l-T:1-

sured and calculated (accumulated) fatlurel are mrumt-

ä. Th";pekati.t hat at prcttnt-the- abili? to ttt fot'
differentdistributrons:Exponentral'Normal'Lognormal
and Weibull.

uiil rake a look at some of thc general assun$ions that

åft"" *. made qhen the reliability of electronic parts are

;ä;J;t anall sed. Results from our field reliabiliq

rtodi". will shor'r horT relel.ant tlrese assumpfons are'

2000

150(|

1000

0

I ailure rate [frtsJ Acc failures [%]

. .' Acc q6

- 
F'its

1.5

1.0

0.550t)

1234
Years in ser\'lce

Fieure 6

I'he failure intenslr)- and aäcumulated failure lerel vs use

time ; calculated from the POA method

2500

2t)00

1 500

1000

500

Acc retums

- 
Retums

-.'Calculated ReliabilitY Prediction^--rr 
ttiirft useful to predict the failure rate of comple\

rtr,"å.]"i; bv adding thc prcdicted failurc rates of its

comPonents?*'iit 
"tp"tience 

vvith part count based reliabilirv- predic-

rron " noitftut good. Figure 7 gives a scatter plot of the

oredrcted farlure ot" uid the measured ar-erage lailure
äieilliy- oi io otrr"tunt board types' The prediction

å"u"J 6"t" 
"en 

100-5000 frts while the measurcd values

;iä; i"ri 
" 

ttr"" trt rangc 3-1000 fits' No clear conela-

hon rs secn.
9207 s3cl a30? q40l

Month

.5rl i

Firiure 5

Result of a parametric oplmisatlon anah sis of the data

*t:." i" Figurc 2. Thc accumulatcd nurnbcr of laults arc

ädcutated 6r ilre optunum F(t) function'

An example is gil'cn in figure 5 s here the accumulated

"r*u"i 
oiäturnäa devices- is calculated and compared

ffi-th" t"p"rted numbers The optimal- distribution r
ift"" 

"t"a 
to plot the cumulati'r'e density $"tlo-n and the

itn*äi**irr*' Ttris is done in figure 6' The POA calcu-

UteJ 
"erutt 

is based on a larger amount of rau data for a

iånsertime than the nonparametric anall sis uasbased on'

fttil;ffi;" .*uil'ortrence seen rn the results of

åö; ru; ng"* 9 We believc that the NP results

iridicated a too o$imistic projection due to lack of dåta at

the time the anal-vsis was made'

FACTS AND FICTION

We now hare the possibiliS' to investigate the large

anrounts of reliability data that continuously is bcing

;;iilia from man-v thousands of AXE telephone swit-

.ni"! tytt.t* that are operating around tlft-w'orld' We

have-dåtarled data represcntingmore than 38 millions

ä...*"it -veats auailable in our databases' Next' we

?n{xi*![[ 
"*o' 

'.'1."'r;' 
j

i)

o

?oI
-rö
20i

i r- ra
JI7;, .': N.+.ax ;iffiB .5=E

dt d\@ c.t.':-t .CDC

Measured fits

Fizure 7

Scatter plot of predicted aÄd experienced failure intersi-

iåräsäar.rLnt boardtlpes' The plot does not indicate

a good correlation.

Board reliabiliW depcnds on a lot more thanlust the

component reliabilitr. Main repair codes are'
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el vs use

od

compler
tcs of its

ry" predic-
;lot of the
ge failure
rediction
edvalues
r conela-

rre intensi-
rot indicate

- Component replaced
- No failure found
- Repair not finished
- Other reasons

Abetterrval seems to be to follow the failure statistics
per each board t1'pe and to calculate the needs for spare
parts based on that statistics ratlrcr than on tlre sum of
compon€nt failure rates. A nery wa) of reliability predic-
tion might be developed by' looking for a correlation
between the measured reliabilitl and different board cha-
racteristics apart from its component population.

ls the failure rate constant in time?
ln ordcr to ansu cr this qucstion rve used the NP method

to analrrse the failure internity overtime for aferv compo-
nent classes. Figure 8 shows the ry'pical behaviour of four
classes of microcircuits. Analogue/interface/bus cucuits
have a cleartime dependencl . Bipolar logic has sucha lou'
larlure rate that it canbc difficult to make a plot. DRAMs
of6.lkand larger seemto show a constant failure rate.

Knoxing that the main destructire failure mechanism
for DRAMs is an oride breakdown the constant failure
ratc of DRAMs should not bc a surprisc and was as a
matter of fact postulated in q report of 1MDRAM qualn-
cation tcsts alrcaö in 199(t' Thc high r oltage screcning
that is performed by the manufacturer is equil'alent to a
very long time at normal use conditions. An 8h stress at
3.5V/1004 for IMDRAM r\ as estimated to be equivalent
t0 3,7 l-ears at normal use conditions. The effect of such a
'long' screening is tiut the failure rate will sta_y constant
for rougNl' the same amount of time in use- i e. for a
number ofr ears.

Fits

,\nalog
."DR,${

PRO\f
-'r-(J{lc

3

Years

Figure 8
Failure rates of sonr€ IC families plotted as a function of,
ficld usc tirnc. Thc data iras analvsed bv the NPA mcthod

When lookrng llrto thc failurc inlensity of boards ue
can see a cl ear timc dependencl' i n rnost cascs irke rn fi gure
ti. ln al'erage ttre rcturn rate of boards rrill bc reduccd br'
5096ercry ? lears.l half lrfc')

In sunrman . the failure rate is not conslant but sleadill
&creasing over time for rnost well designed electronics
with tlrc exception of u ell processed and deeply screened
memory producls that sholr a constant lälure-rate.

There is also anothertime dependenc\ ofthe reliabilitl
and that is due to the learmng curve of components . As
the volume produced accumulates so dops the production
knorvledge. Figwc 9 grves a summarl' of the develop
ment of nricrocircuit reliabili! over tlrc past 201 ears. Tlrc
DRAM data anrl data plotted at 199() is from our own
erperience

15
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I :r LINL*R i r

i-1.. qBlMn i l
,---.-"-....]

:".- .. :.]

:

0.7. .

1972 1976 1980 19U4 1988 1992 1996 2000

Y'car

Figurc 9
The improvement of the lC reliabilitl over the years due
!o technolog' development and qualih improvement.

What does burn-in do to the reliability?
A short bur:n-in orl'oltage stress screerung srmulates a

tronger field use time at normal condilions. A deep screen
will then result in a failure rate thåt is fairll constanl for
quite some time. During that time the failures I'ill accumu-
latc lincadr as shon n in lieurc l0

le{)
.5e-l

le- I
5c=2

I c-2
5e-3

.-ti

{(i-l.Ga

I e-l
5e*l

I e-;1
il rrl 0fr5 01 0.5 I 5 1r)

Years

Figure l0
Accumuiaicd failurcs or er timc frr:m a non screened po-
lmlation and cne thåt häs been screenecl Oottom line)

{n ihis example onc cen see thal the cun'e bendc
aq'mllroticallr torry-ards tlre stright. nr:n screcrrcd linc In

Acc o.,'i,

F
. ' Bmn-n

..t'

an lust the
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this lr1 potlrctic casc thc screerung was similar to almost
one 1ear of normal use. If one comes across a similar rcsull
u'here thc slopc of the failure accumulation at the begin-
ning is linearbv time it is urost likely that the prodrct has
tren stress screencd.

Thus" a bent cun'e like the one in figure l0 doees not
necessanll indicate a leak subpopulationbutiust that the
main population has been screened.

ls there a complexity dependency?
Tradltionali] . rvhen predicting tlrc failure rate of micro-

c;ircurts. it is assurned tlnt the failue rate depends strongl_v

on the complexr[ of the der ice. As the board reliabrlitv
prediction so far has only been based on lhe part count
method a similar procedurc has not been deleloped for
board level application Tlus rnal'. horlel'er. b€ an area for
future studl-.

Every nerv \LSI process gerrcration scems to rcquire a
new manufacturing facilit}. In order to get a profitable
product the process control and defect densiq musl be
steadily improred. This prccess improvement has so far
more than compensated for thc increased cliip sizes and
conrplexitl . .fui example is shown in figure I l. The mea-
surrd lailure inlcnsitl of DRAIv{s is dccreasing despite the
fact that tln cornplcsih has increased bl' a factor of l0(X)
in tcrms of bit siic a'5

i000
500

100
50

l0
5

I
0.5

il|

li( 4k l6k 64k 256k iM
DIir\M gcncrations

Frgure I I
The reliabihty of DRAMs of drffcrcnt complcxities as an
average failure rate over tuo ]_.ean of field use.

Thc onll complcritJ. dependcnce that wc harc sccn so

far is that the failure intersiq'will decrease as the comp-
lexitl irrcreases. This is contradictor-r to vhat hix becn
postulated based on the assumption that the defect densih
is the same on lCs of different complerities and chip sizes.

ls a hermetic device more rcliable than a plastic
packaged one?

Up until about 1986 plastic packagcd ICs wcrc not
realll' accepted in our slstems. Tests performed around
1970 häd giren bad rcsrilts and it rr,as not cas!' tr: change
the general attrtudc against the use ofplastic packagedlCs
in tclcccm applications

In l98l \1c startedto tåke anothcrlook at tltc reliabilitl
of plastic packagcd ICs and u'e could see indicattons of

impror ed perlbmrance. estrrecralh in terms of moisture
resistance.

The mosl lmportånl package tlpe for ICs uas carlicr
ilre CERDIP or CDIP that basicalh rs madc up of nlo
ceramic plates sealed 11 a glass matcrial that melts around
.15() "C. Thc main aö'anlage was that the peckage could
tre seen as hemretic and tlut the chip rvould be pcrfectll
safe rnside that package. Unfortunately. there lras also a

risk of trapping a iot of uroisture inside tlut package during
thc sealing process. ArouM 1975 thcre uerc several re-

1rcrts on problerus with corrorled CI\{OS circuits found
inside hemrctic CDiPs.

An other problem u ith the CDIP *as tlut it could leak
or sometirnes first start to leak and then bc plugged her-
nretic again A non hermetic CDIP can eausc eillrer corro-
sion or e.g. functiorurl problenx due to electrical effects.

A package is tradltionalll considered.as hprmetic if it
mccts the hcrmeticity standard af 5* l(l-ö cm' Atm,'s On
the ot^her hand it can bc shown that such a leak rate will
fill the package from the surounding atmosphere llithin
a f,eu rveeks. What rre nced is a prckage that is capable of
holding the car r{ ambient intact for 201.ears or rnore. For
that purpose we,*ould need a lrcrmeticitr limit of sorne-
thing like 2.*10-" Atm/s.

In order to evaluate if CDIPs reall-r uerc thal airtigltt
rvc dcveloped the 'ultimatc hermeticih test' (L]-FIT) As
CDIPs are sealcd at 450 "C tlre cavit] prcssure u illbe on\-
U.5 Atnr once tirc tempcrature is back to nor,mal. The
amounl of gas inside rs thcn equivalent to 12 mm' at I Atm
if tlre package is hgrmetic. If it leaks the amount of gas ri ill
be around 25 mrn'. The UHT'methodn'as simpiy tc breåk
the package into trlo parts under the surf,ace of sihcon oil
and to coliect the gas bubbles into a caprllary tube so thåt
the gas amount could be measured. Figure 12 sirows
s[atistics from CDIPs thåt have been rejected and acceped
br a standarci henneticih test.
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Thc distnbutionof carit\ ga^s voiumc rnside CDIPs mea-
sured bl the UHT method. Airtisht del'ices luve around
I 2 mm3 of sas n hile the leakcrs tTo ut t contain around 25

3"mm

,As much as a ferl 9i' could be lound 1o have leaked at
lt:ast once in their lif'e. Parts talien from sockets after srr
months use on printed circurt berards drd shou a wider
spread and at lcast up to "l0ouä ri crc afiiccted in onc specific
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case. lnvestigatiorx shoq'ed that sockel insertions and
temperature cycling typicalh could imroduce 30..6of lealc
clevices at the time u hen the tests it iire pcrfonned. I ! 979"
I 982).

In a few cascs \re havc seen CDIP packaged cierices
failing in the held duc to lhis krnd of unhermelicit\, The
lulures ncre caused br MOS parasitrc action due to
charye spreadrng on top of the chips All failing dcvices
thal wcre tcstcd b"r the UHT mcthod slrou,ed clearl-l that
thev had leaked. Sce f'rgure 12.

Since plastic cncapsulated lCs become acccpled- x,e
have nou'the pnssibiliS to compare the reliabrlilr of CDIP
ard plastic packaged devices ofthose q pes that hale been
produced in prrallel for some l ean Frgure I i shorrvs the
field reliabilttr of one such der ice t! pe thåt $ as produced
in volumes both in plastic and CDIP lenilons. Bolh ver-
sions hale a decreasmg failure rate but the average FIT
nte is in far our lorthc plastic packaged one b\' 2.2 to ! 2.9
FITs

Ar ppms

(iit5 0.t 0.I 0.5 | 2 5

I 
-sc tin: ( \ ;ars)

Frgure 13

Field reliabiliq data rn terms of accumulaicd failures in
ppms for one rnicroctcuit packaged in bol.h CDIP and
plastrc encapsulatron. The alerage failurc rates rre 12,9
and 2.2 fits rcspectnelr.

As to ourknor ledge" thr: reliabilir\ +iplastre packaged
mrcrocirurts is as good as or er en bettcr thcn the rcliabi-
litr of 'hermetrc counterpalts toda]

is there a temperature dependence of the failure
intensiQ?

Traditionellr. failure ratrs are predicted based cn the
assumption that therc ts a ienqlerature dependencc. Iil
manl reliabilih reports frunl users and manufacturers
suchrthpcndence rs usedinordcr tcr con'ciatc tire firdtngs
tiom acceleraled tests to the nonnal ambierrt. The tempe-
ralure dep:ndcncc is oftcn charactc:nseci bt an ,{rrhenius
functroll and the ker lacicrr rs tirc 'Actiration f-.nerg1 '

measurcd in cV.
The temperature dependence used rnprcdrction models

Itke Mlt- HBBK 2l7 ar rn our inr-ennl data basc is fairlv
lou. around 0 l5 c\ for nucrocrrcuils But rrlren accele-
raled tests are gomg to be er aluated the numbers used :u';
inore hke f) 7 or ().9 c\,' that gir es a rnuch lugher accelera-
tron.

One basic probiem is that rt rs not åt Jll relevant to talk
lboul an acti-ratiorr energ; of'failurc ratcs unless it ha;
bscn shnr ir tha.t the feilure rate rcalll is c'aused bv an
glprrneiltrrii irie drstnbution r here lhc farhui: rate js con-

stant or er trme. lt rs onll reler ant to talk about thc tenrpe-
mture dependence of the lifc drstritrurion. c.g tlrc lime to
0. lo,o or 1s J()o o larlurcs

If the larlures are mainiv caused by a sub populal"lon of.
sa1 l9b" tlrcn rt rs reler ant to lharactsrile that sub drstn-
bution and thc temperaturc delrndcnce of its mcCran lifc.
i.c ihe umt; lo 0.5o,; failures.
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Figtrrc i *
An .A.l.irremus scatter plot orcr lhc rndrlrdual urcragc
Iailurc rates mcasurcd on dffcrent biplar logrc l( s Tlre
mciiian failurc rute is around I fit and no slrong tclnpcra-
tulre dependence is notrced.

Figurc 8 shoncd thc failurc ratcs of four different
mrcrocircult lamilies The a\ erage temfErature of the ana-
Xogue familr is higher than the logic famill but this is nct
the main reason trelunci thc difference We lookcd rnto the
reported reiurn ratc of a number of circuit r'-pes w rthin the
bipolar loglc famill in order tro sec if there is a trcnd or
relation betneen reported failure rate and estimated chip
ten-lperature. Figure l-t is an Anhenius diagram that plots
the itdtlidual {ailurc rates lbr cach lC rypc r crsus cstirna-
l.ed chlp temfFråture T'hc computt:r secfiLs to belier,e that
tlrcre is a slight temperature dependcncc 1lut ca-n be cha-
ractensed Dv- 0.-i3 eV. The onll conclusion thc autiror is
willing to dravl is thaf tlx: correlation be tN een the ar e ruge
i"ailure rale and the tefirperature in this case is len srnall
or non cristing

If- the failures are due to a sub popuiationo then after
some time. the farlure rate sill become even smaller at
high temperature than it is at lo* temperature. If the
:r'erage failure rate is measured o. er a long enough time
lhere should nol be an differcrrce between delices run at
high temperature compared to a loxer temperature in a
trur sub population case.

RELIABILITY ENGIN EERING
TN THE F'UTT]RE

It san 
^L- 

of rnlerest to rer ierl the trends m qualitl and
rcliability or er the past l'ears in order to speculale about
the iuture. trt looks as v"e arc seerngl some Lhrng like quan-
trm sicps rn the procedures for nranagement of quaiir and
rcliabtlitv.
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Incoming inspection
In the 70's and beginning of the g0.s u,e used to run

i009zi, incormng inspection oI components *ith lols of
equipmenl and people imol.r,cd.

^- .Further improved qualitr providcd a ba-se for accepting

$n to Stock or Ship to Line as an inconring procedure
The * ork and costs for incoming inspection has decreased
greath over this period.

Qualification testing
In the 60's and 70's the qualitl of integrated circurts

r,vas lorr 
^clgugh 

to make traditional qualifiIcation testing
rneamngful in sorne sense. 3g components could be useä
to veri{1 if the qualig rvas good or not.

In the 90's it has been virtual\ impossible for a single
customerlo run qualification tests that verifies the qualily
levels.he is^lookingfor. Therefore manl companies toaai
arc asiang for summaries of all the reliabilig't sts p".foi_
med b"v the v endon on a single device t_l.pe br on a u hole
component family.

New challenges for the rcliability engineer
The trcnd is to avoid failures rather than to catch them

at the end of a hne. One area that needs the knouledgc of
a Reliabilitl. Engineer is the Design Department. Oålgn
rules and manufacturing procedurås ,reeb to be coordina_
ted and reviwed in order to make sure that reliabilitv is
&signed.into the product alreadl from the beginning.

An other area is rvitlun Life Clcle C,.ost ,rå*ge.ent.
{\s the need for quality and reliabitib information from
the production and field sen.ice is grör,ing there l,ill be
a need for more of reliability analysis in tG future

Increased reliabilin' implies that we need to search for
reliabilitv information where the large numbers are. That
means that component qualification data must be relrieved
from the manufaclurer and reliabilif, data must be retrie_
red from the field.

Quality information gathered from productron and fi-
eld sen'ice must be used in the continuous imDror.ement
process that mosj companies are follou.ing today.

The dnving force for improvements is prodrrct eco-
nomf . If the reliabilitl' engineer combines his work with
the knorvledge of failue and test costs it will be possible
for hrm t9 g$e manågement the tvpe of informatron that
t"her nced and are asking for.

CONCLUSIONS

This overr,'iew has reviewed a nurnber of issues related
to^the reliability of elcctronics and has also presented
diffepnt wa)'s to perform field data analysis. Some of the
conclusions are:

- A rrefr model for field data analysis b1 the use of,
optimised parametric fitting has been presenied

- The traditional reliabiliq.prediction method using the
component part count method has been fourd to har,.e l.en
low correlation with real field data.

- Tlrc failure rate of clectromcs is generalll. not constant
bl tirne but degrgasinS One crceptiön seems tobe deepl.i
screened DRAMs that show a constant failure rate.

- Thc farlwe rate ol'microcireuits seeln [o dccrcase br
increasing complexitl as a rcsult of contrnuousl. ;;;;_
asing defect densities-and effec[n.e screcrung procedrres

- The reliabilitl. of plastic encapsulatcd irricrocircuits
seems to be er,en bettcr than the socailed hermetrc CER-
DIPs that earlier were dominatrne.

- Thc failure rate as such doe, iot app"a, to luve a clear
temperature dependence. More relevantis to talkaboutthc
temperature &pendence of the life distnbutions inl,olved
. - 'Ihe futurc job for a reliabiliry. engrneer is u,ithrn the

design,department as a Reliabilitr Designer or in Life
!l cle Cost (LCC) nunagement to at*h s""production and
field quality dara as a part of the total prödu"t ,n pron.*e,rl
nunagement.
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