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Srrtnrnar! Acceleruted lnnidiry test ddtd on plastic
ICs ure anahsed, shoving higlter thennal acceleration

und longer Life for nodem c0nponents co tpdred to

older ones. Accelerations Jor total test tin e in humidin
are given, and the eJfect of ttsswned noisnre ingress

titne thnugh the pld.rtic iJ crho treated. A procedure for
fonnul qualilication of ntoisntre life is proposed.
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1 Introduction
The introduction of epoxy molded encapsulations

for semiconductor devices, to replace the more costly
hermetic packages, brought with it tl]e inuoduction
olthe failure mechanism of metallizåtion corrosios as
r major concern. Tbese tililures occur because ofrhe
diffusion of humidity through tbe epoxy, or along the
lerd ftame, increasing Lhe surface conductivity of dre

insulator between adjacent metal lines under bils,
conributing to corrosion and failure. The tailure
distributions are a function of t-he bias, temperature.
contamination and relati\e humidity at the insulator
surface. The relationships of time to failure irnd the
temperature and humiditv have been the subject of
nrrrch te<tino effnrt

Until recently, each study of these relationsbips
was limited to a few tests run in a single laboratory,
comparing life under special test conditions to the life
at 85"C and 85%RH ( 85/85 ), which hås beeo the
standard test condition for many years.

This paper is a revised summary of a study,
pubtished 1991, ref [i], that was based on a llrge
number of tests, looking for an overåIl relationship
not limited by small numbers of tests which
individually may lead to widely different
relationships.

Background

In 1986, a paper [2] was presented rt the
International Reliability Physics Slposium wbich
used 61 points from the published humidity
acceleration data available to the author.

Since t.tle same electrical bias cooditions were held
through erch study, tie bumidity acceler:rtion rrtios
normalise the effects oftest-to-test variations in biirs.
device structure or connminatioo level.

A common relatiooship was tbuod to bc optimurn
for stresses botlt higher aod lo!r,er than thc
reference ( 85/85 ) frorn l58oC do\\'n to 50oC :rnd
from 100%RH down to 50%RH, the range of the
ivailable data. The fornruiä has the for[l:

F,1
t- A\''a R m" erq(-) ....{ l)' Kt
Where A is a coostant, n = -2.66,Ea= 0.19 eV
and k= Boltznanns's Constant, 8.615* l0-5 eV/K

This relationsbip points to one or more of several
possibilities:

. Short tests for product acceptance, with more
frequent testing, and less ioterference with
shipmeot schedules.

' lnffeasing the test time to the equivalent of
several thousand hours at 85/85, consister)t
witi the a\rilability of better epoxies, ard
p ossibly proving the re Iixb ility le ve I need ed ior
general military and telecorn usage.

' For applications in generel, )e prediction of
moisture failure ratcs ir) applicttion
environrnents.

3 Current data

The datr used in tbis currenI anal]sis is taken from
publications from 1979 to 1987 ul, using a totll
of 82 data points of comparisons of the ratio Ro of
tm(T,e.H) to tm(85/85) to tbe calculared rario Rc
according to an assumed formula.
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Figure I
Correlation diagram over calculated and measured
rel:rtive lives in moisture tests
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851 o.9ev t lrerttle- 
- ,P.v\ 1 -t a* = *tr

I:igure I shows thc plo( ol lllllo \4i Rc loints. ils itl
Itcl. [2], but rcsultinq lroul tlle riln-t:c of datx
lronr 158"C- down to 20"Cand tronr t00%llll ctowrr
to 2()7,RIL The datit oprtnallytit equarion (l)wirh
thc lollowing pirrame tcrs:

n= -3.0; Ea= 0.9 eV
Ilxtreme points taken iiorn dara ar 85/20and 20/5E

conditions were from unelcapsulated deviccs [3], but
thc Ro/Rc riltiös wcrc well sclttercd io the
distribution from all the dara.

[Jsing new paramcters, the equation for relati',e
life at T/RH to that ar 8,5/85 cån be written asi

'l-hc iolproved corrcltti{}o cocllicicnt for
krnler-livcd product indicrtss that thc nrodel is usclul
li)r nrodcrn and tuture products.

-l Comparison rvith other models

The data naterial hrs bccn uscd to see how well it
llrs with different published nrodels. Table 2 shows
thc rc:ult [or tjtc Iolhrwinq rn,rdels.

LAWSON: A= exp(0.6,&T-0.0fi)41[R I{ ]2)
EYRING: A= exp(0.65i1<T+ 3O1,iR H )
REICH-H : A= exp(-0.073(Tfcl+ RI.I t7o l)
S-K: A= l0^ (0..1I/kT- 18.69R H/T+ 0.00819RH)
PECK-H: A= exp(0.9ilcT). [R H ]-'
KLTNGER: A,= {(lm_RH)/RH }m
(Humidity acc. only assume 0,9 eV and rn= l)

It is important to note tbat the models differ ratlter
much at low hunidity sress. This is shown in figure 3

that plots relative lives vs RH at il constanl
temperature. Also note thtt the nodel given by
Klinger [5] based on theoretical coosiderarions fits
reasonably well to the empirical RH'l model withiD
tie normal R H -range of interest, 30-90% .
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Figure 3
Relative lives versus RH according to different
published models normålised at 85% RH

Table 2. Regression analysis using different models

... (2)

This is written as "Relltivc life " becnuse it amouuts
to a Deceleration Factor f'rom higber stress to 85/85
and ao Acceleration Factor of 85/85 over a lower
stress condition.

Figure 2 shows average activi:ltion energies fron all
tests versus nedian life at 85/85. An average value tbr
long lived products seenls ro be 0.9 eV.
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Figure 2
Average activåtion energy in moisture tests versus
nedian life at 85/85

Gustafsson and Lindborg [4] sbow that a tailure
percentage of 2500h exposure at 85/85 drops lineårly
from 60% at a cblorine content of 70ppm to
essentially 07o åt Oppm. This is such a significant
change, äs is öe reduction in ppm cblorine in epory
since about 1979, t-hat it may well mask any otier
changes in quality during thåt period.

The data processing was carried out on öose tests
onlyhåving trn (85/85) greater than 1000h or 3000h,
with the following results;
Table l. Regression ånållsis !s median life

Data SS Intercept Slope Corr. coef
All data 82 1,010 0,978 0,985

tm> lk-tr 58 1,031 0,993 0,985

3kh 37 t.123 0,992 0,993

LIODEL Intercept Slope Corr coeff
LAWSON 0,74 l,3l 0,959

EYRING 1,26 t,4Z 0.958

REICH-H 1,05 1,00 0,9'74

SBAR-K 0,48 1,04 0,934

PECK-H 1,01 0,98 0,985

KLINGER 0,95 0,99 0,9-s6
for m= I



5 Nloisture ingress time
lvlirnv observltions hive indicated that a lcngth ol'

lirnc is rcquired tbr rnoisture to get irom outside the
plastic encilpsulirtioD to the chip surface. in order to
start the corrosion process. If such a timc can bc
dctcrnincd as a functio| of the condition of strcss,
und subtracted from tlte btal time to failure, a more
prccisc delerminltloll of the corrosion ptrurnetcrs
alone might be obrainable.

Figure 4 sbows calculatcd moisture dertsity
lncrease at the chip surface within a PDIP as a
function of tirne and temperature.

With the exception of parricularly short-life lCs, it
cln be assumed that moisture reaches tlre chip
surface bymeans ofdiffusio0 örough the epoxy fronr
tlle exterior surface. This is driven by the partial
pressure of anbient water vapor. The moisture
density follows tlle equation corresponding to an
irfinite suppty of moisture at the surface:

p(r"g= *(pF pDI 
),^p1- o1ff1'a,^rff )+ pr

where pf = Final moisture densiry, pi = Initial
moisture density, h = TbicLTess ofplastic over die
x = Distance from the surface of tbe package
D= Diftusivityof waterin the epoxy{rnd r= Time
srnce start of exposure

N1any simulatioos were perfbrme d on the dat4 to
use a range of delay ttnes, consistent tbr each test
conditioD. in order to isolate the 'torrosiol) time"
from the total observed test time. In ever), ctse, the
correlation coeftlcient of tlle resulring 'torrosion
time" was degraded ftom Oat for Lbe total test time.

As a result it is concluded that with present
product, the total test time gives the best statistical
representation ofthe product for life eftrapolation to
any other envfonmentål condition.

rctSrLPE Gl€rrY Ircp€FEE tll(F€LFllvE lFtr€ rcT tu)

6 Application of results

The mcdian lite requirsd at r test strcss is
determined in thc following forurtl wuy:

. Detcrnirrc the expected oper:rtiDg lifo, thc
mrximurn Iåilure rate and the irverage {lcld use

condition T/R FI

. Establish il median life for the compone nts, tnr,

to provide a failure rare that is below the
maximum allowed within expected operating
life.

. Establish a life testing requircrnent to ensure
n life that is long enough in the application
using a low percentage of the allowable
failures to control the critical part of the
distribution.

This procedure is simplified by the fact that all
bumidity tests on at lelst recent products ha\€ sho!\,'ll
a typical standard deviation (s) range trom 0.25 to 0.5
(as tie natural logaritl}m of the ratio of the tm to t.t6).
The effect ofthis 'tight" distribution is thar rhe failure
rate does not gradually rise to its maximum value but
is quite low until time approaches 0.ltm, when it goes
up very rapidly.

In the case that there is a power dissipation durirls
field use the humidity density will decrease at d)e
chip surface. The reduced water density close to thc
chip nay be modelled as an etfective RHc if tlre
surrounding RH in tl)e test chamber is RFIT and thc
chip heating is PRrh

7fi1 ,*,
A temperature rise of 10 "C in field use may reduce

the necessåry test time by a factor of two ifthe test can
be run at low power dissipation.

7 Life test time

If tie life requiremenr is 40 yeårs, l0 fits wiU be
obtained l]t 40 )€ars if tie median life, tnl , is 200 )€ars.
100 hts will be reached if tm is only 120 years, ref [6].
An application of 3 5"C|1JE"RH for 200 yerrs time is
equivalent to 5411b at 85/85. With furrher
acceleration into t-be HAST testing region, the tm
requiements are as in Table 3, aU assuming s = 0.535c Table 3, Mediän life in HAST rest to simulate 40

ä )€ars with wear-out failure rate less than l0 fits

Test cond. (T/RII) Median life (h)
130/85 2r8
130/90 184

140/85 l 16

140/90 98

R H,= R H re:q(5235(fu ++F R, t

Figure 4
Moisture density increase ar the die surface as a
perceltåge oI the final static increase of moisture
absorption relarive to initial conditions



Iess-tban

Iiits

300

100

30

l0

With an s = 0.-5 the tilne to 5% failurcs is dotvrr
liom thc tm by a firctor of 2.3. so thc test tine tbr rhar
requirement could be -13h at 1-10/90 testing. Table -1

-rtivcs tcst tincs ncccsvuy to vcrify different failurc
ratcs due to humiditv with a sample of 77l1. Flilure
ratcs at both.10 and 25 y:us arc also plottcd in Fig 5.

Tablc 4. Nlioirnum test tirnc necessary to assurc

9 Conclusions

L IIAST testin-q should replacc the prescnt 85/85

testing, in order to reduce testing tirnc lnd improve
feedback.

2. Moisture life extrapolation to Tf Cl und RFI [%]
from 85/85 can b-e donc hI

A= [85/RH]'.exnt 104,1-l( l^T+ 271)-ll'158])
3. Ttre moisture ingress time has been calculated

for a PDIP. The delay should be considered when
e'"rluating very short HAST tests.

4. The life of ICs made with high standards of
cleånliness and epoxy purity, as now a!åilable, seems

to be long enough for most indoor applications.
5. Standard sample sizes and mininum t57. test

times have been provided for long-life telecom use for
the case ofan average use condition of35 oC and 607o

RH, ref [7, 8]
6. Components heated l0 oC 

by power dissipation
in field use will be of minor concem regarding
corrosion in normal telecom ambient.
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ue.rr-out failure rltes irt -1-5/60.

@401r @25)r @40'r @25j'r
Test 85/85 8-i/85 lY)/85 130/85

),327 895 51 35

1698 I l.l2 65 41

2099 l.+51 81 56

?469 16r'7 95 @

:ccc i5-a :xco ::ac
ies, r:-P r, !5,e4

Frgure 5
Nlrxinum wear-out failure rete at '10 and 25 lears rs
sur!.i\"ål tine at 85/85 (LTPD= 5% )

8 Early fai Iu re levels

A quality monitoring procedure generallycalls tbr
a short test that can be performed within a few da)s
or even shorter. Failures that are found in tbis test
represent early failures and give information on
assembly process quality, especially related to the
adherence between plastic and the die or the quality
of the glassi\åtion layer. As the moisture diffusion
time to the die rnay be in the order of 24h for a
dual-in-line package one should not normally expect
corrosion during the test.

A moisture test that might be regarded as
non-destructive should not be longer than about half
the time to reacb 50per cent ofsåturåtion, say lä for
a HAST test at 130/85.

A quality monitoring procedure could be a weekly
HAST test åt 130/85/8 for 48h on 76 units. If no
failures are found this corresponds to an LTPD of
3%. As tie time passes the eårlyfailure level will soon
be quantified. At the same time the test also
demonstrates 25 lears of use with less than 100 fits,
see Table 4.


