O Hallberg 1(12)

ACCELERATION FACTORS FOR TEMPERATURE-HUMIDITY TESTING OF
A1-METALLIZED SEMICONDUCTORS

Orjan Hallberg

FLLEMTEL Utvecklings Aktiebolag
Fack

§-125 20 ALVSJY, Sweden

ABSTRACT

Different temperature-humidity tests have been conducted on plastic
encapsulated and decapsulated CMOS microcircuits to determine how
the test parameters effect the device life time. Together with pub-
lished data from other temperature-humidity tests, 51 acceleratlon
factors relative to the 85/85 test have been collected. The data is
compared with four proposed models for THB-tests.

One of the models has been used in order to estimate the accelera-
tion factor for hermetic encapsulated semiconductors with trapped

moisture. It was found that 2000 ppm of trapped moisture should be
the maximum allowed level for mlcroc1rcu1ts, for use in Telecommu-
nications equipment.

It is cencluded that plastic encapsulated semiconductors having<5Z
failures after 500h in an 85/85 test would be accepted for tele-
communication use in certain environments.

INTRODUCTION

The use of plastic encapsulated microcircuits in telecommunication
equipments has been restricted, mainly because of the wear-out mech-
anisms due to moisture that effects the reliability of semiconduc-—
tors. Although a lot of telecommunication equipment is used in well
controlled enviromments, the difficulty in tramslating results from
accelerated temperature-humidity tests to the normal environments
has prevented their use in applications where they probably could

be utilized.

In order to get a better understanding of the correlation between
different combinations of temperature—humidity tests, a study was
undertaken on CMOS devices where the median lifes at certain T/RH-
tests were compared with the median life at 85/85. In addition to
that data a literature study was carried out and a total 51 dif-
ferent acceleration factors were obtained. The material was ana-—
lyzed on order to see if any of the existing published models for
T/RH-acceleration factors would fit the data. Two out of four
tested models seem to correlate well with the data. One is very
simple to use for approximate estimates, and the other gives a
more accurate result.

This paper was presented in a
SINTOM-geminar arranged by Elektro-
nikeentralen, Sept. 4-6 1979
Kopenhagen, Denmark
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The problem of corrosion due to trapped moisture inside hermetic de-
vices is an important area to be investigated. At low temperatures
the relative humidity will increase and corrosion could occur. As~
suming, as a worst case, that cooling below the freezing point of
water would not initiate a drastic decrease in surface conductivity,
then the second model has been used to estimate the median life for
different levels of trapped moisture.

Finally, field statistics on failures due to corrosion of non-her-
metic MOS-memories is compared with the expected life according to

the acceleration factors collected.

SURFACE CONDUCTIVITY AND CORROSION

Surface conductivity is an important factor that determines the rate
of corrosion. Several investigations have been reported on the in-
fluence of temperature and relative humidity on the surface conduc-
tivity of Si0,-devices. Figures 1 and 2 are examples taken from Ref-
erence 1 for plastic encapsulated 3i0,, The data points have been
plotted in log-normal distribution didgrams in an attempt to get
stright lines as the curves normally tend to be S-shaped when RH is
plotted on a linear scale,

 From figlires 1 and 2 it seems reasonable to assume that the accel-
- eration factors between different T/RH-combinations should have an
Arrhenius temperature dependence and a non linear RH-dependence,

A(T/RH) = Al(T) x AZ(RH) - - vea (D)

x (1/(273+T) - 1/(273+85))) e (2)

Al(T) = exp (11605 x EA )

The only non-linear function proposed in the literature is the use
of (RH)" between 25-100% RH (Ref 2). This model gives:

log A, (RE) = k(85° - RH), ~ | e (3)

where k is the élope in a diagram with (RI-I)2 pletted on a linear
scale,

Koelmans (Ref 3) has pointed out that droplets could form om a chip
surface under bias in a humid environment and thereby accelerate

the corrosion process in certain spots. Most of the data in the pre-
sent paper indicates, however, that the acceleration factors for
THB-tests are similar to those that can be calculated from surface
conductivity measurements.
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CMOS THB-STUDY _ : .

The Temperature-Humidity-Bias (THB)-test on CMOS devices was divid-
ed into two parts.. Part one consisted of 1000 CMOS microcircults
type 4001 ‘in plastic encapsulation. These devices were split up in-
to four groups that were put into different THB-tests according to
Figure 3. Part two consisted of 96 decapsulated CERDIP encapsulated
CMOS microcircuits, also type 4001, These devices were split into

6 groups and tested with different THB-conditions according to Fig-
ure 4.

The plastic encapsulated devices were electrically tested by a com—
puter controlled tester on several occasions during the THB-test.
All deviations from the specification were classified as failures.
The delidded devices were optically inspected for signs of corro-—
sion and the cumulative number of corroded devices was noted during
the test. Tables 1 and 2 give a summary of Figures 3 and 4 in re-
spect of acceleration factors relative to the 85/85 test. As the
median life for decapsulated devices at 85/85 is short it is pos-
sible to get acceleration factors for low temperatures at low
levels of humidity.

Table 1

T(°C) RH(Z) to, (M) A
85 : 85 450

65 ' 95 600 1.3
65 85 3 000 6.7
45 95 3 000 6.7

Acceleration factors for 5% failures according to tests on plastic
encapsulated CMOS-devices (Figure 3).

' Table 2
.
T(C) RHL{Z) tSOz(h) A
85 85 15 1
85 55 150 10
85 20 1 500 100
20 85 7 500 500
20 58 30 000 2 000
20 26 80 000 5 300

Acceleration factors according to tests on decapsulated CMOS devices
(Figure 4).
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MODELS FOR ACCELERATION FACTORS

A literature search of mainly Reliability Physics since 1970 and
other reports was conducted to find other examples of acceleration
factors relative to the 85/85 test., In some cases tests at 85/85
had not been carried out so the median life at 85/85 had to be
estimated from the data presented. Normally there was a test very
close to 85/85 so the error is thought to be insignificant.

Figure 5 shows the data points collected. The solid lines are com-
puted 3ccoEding to eqn (1) with E, = 0.8 eV and the slope k = log
60/ (85°-25). It is apparent that the model fits the data well.
Figure 6 shows the same data points s a function of the reciprocal
of the partial pressure of water, 10 /Vp (Ref 4). This model does
not seem to be useful. Figure 7 shows the data points plotted as a
function of the partial pressure of water, which has also been pro-
posed (Ref 5). Again, this model does not seem to be particular
useful. Figure 8§ shows the data points plotted in an Arrhenius dia-
gram. Reich-Hakim have proposed (Ref 6) that the numerical sum of

T (OK) and RH (Z) should be used instead of T (OK) in an Arrhenius
model. As can be seen this gives a very good model. By regression
analysis the slope has been determined to E, = 1.19 eV and there—
fore a simplified expression for the. acceleration factor relative
to 85/85 would be:

A(T/RH)

1

exp(11605x1.19 = (i/(2%3 + T(°C) + RH(Z)) - 1/(273+é5+85))) =

9,910 M4 exp(13810/(T(°K) + RH(Z))) e (B)

H

Finally Figure 9 compares the (Rﬂ)zﬂnodel and the (T+RH)-model. It
is evident that they support each other and both could be used with
about the same result.

THE USE OF PLASTIC ENCAPSULATED SEMICONDUCTORS IN TELECOMMUNICATION
EQUIPMENTS

The reliability requirements of components used in telecommunication
equipments can be summarized as follows:

A During service life {(up to 40 years) no failures due to
wear—out of the main population are acceptable.

B: The failure-rate due to weak parts (freaks) shall not ex-
ceed certain mean values and the total amount of failures
in service shall be less than 0.1 - 2% depending on the
device type.
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Plastic encapsulated semiconductors may in general have a larger
amount of freaks than hermetic parts, but in most cases it should
be possible to find manufacturers of plastic encapsulated devices
that can meet requirement B.

Plastic encapsulated semiconductors will be affected by moisture
and failures for example open circuits on Al-metallization, gold
ball bond lifts and increased leakage currents etc., may occur.
All such failures are wear-out failures and it is important that
they will not occur within 40 years in the specified room ambient,

An example of a specified room ambient is 30°C/80% RH. According

to Figure 8 the acceleration factor is 100. This implies that the
testing time at 85/85 should be 40 years/100 = 3500h with no fail-
ures cther than freaks — say maximum of 5%. Normally, this is a '
too stringent requirement for commercially available plastic de-
vices and hence we could not recommend plastic encapsulated semi-
conductors for this application. If, however, the device is

heated by surrounding components the relative humidity around the
chip will be reduced. A 10°¢c temperature increase from 30°¢C will
reduce the relative humidity from 80% to 437 (See e.g. Ref 7).
According to Figure 9 the acceleration factor for 40 °C/43% RH is
1000 and therefore the testing time at 85/85 should be 40 years/
1000 = 350h. This is a quite reasonable requirement and thus it is
concluded that plastic encapsulated semiconductors could be used

in telecommunlcatlon applications prov1ded the temperature of the
biased chip is 10°C above the room ambient, due to power dissipation
from surrounding components.

In case the device itself develops power the relative humidity
around the chip will be reduced both in the application and in the =~
85/85-test. Table 3 shows the effective RH around the chip as a
function of temperature increase due to power dissipation. The

table also gives the acceleration factors relative to 85/85-tests
according to egn (4) assuming no power dissipation.

For a temperature increase of 10°C the 85/85-test actually becomes
a 95/58-test and the acceleration factor between that test and
the use at 40/43 is 1000/3.48 = 287. The testing time of 95/58
should then be 40 years/287 = 1200 h. Similar calculations could
be carried out for other ambients.

AT(Z) | T/RH A
0 85/85| 1
1 86/82 1.15
2 87/79 1.33
3 88/76 1.54 '
4 89/73 1.78
5 90/70 2.06
6 91/67| 2.39 Table 3
7 92/65 | 2.57 Effective T/RH around chip in an
8 93/63 2.77 85/85—-test as a function of chip
9 94/60( 3.22 over temperature due to power
10 95/58 3.4§_ﬂ dissipation.
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HERMETIC DEVICES WITH TRAPPED MOISTURE

Several papers have reported on failures of hermetic encapsulated
devices due to corrosion (See e.g. Ref 8). The corrosion 1s caused
by moisture trapped in the cavity of the device. In the following
we will use the model for acceleration factors derived earlier
(egns (1) = (3)) to estimate the temperature dependence of the life
of hermetic devices containing certain levels of moisture.

The relative humidity RH is defined by eqn (5).

]
water vapor present at T C % 100

RH (%) = ce. (5)

saturated water vapor at 1°¢C

If the athmospheric pressure inside the device cavity is P mmHg'
{normally around 0.5 Atm for a hermetic CERDIP) and the moisture
content given in ppu_, then the water vapor pressure would be:

i -6
PW (mmHg) = P x ppm X 10 : , Lo (6)

An approximation of saturated water wvapor pressure P between
-25°C and +25°C is given by eqn (7). This equation i%°2 linear
approximation of the partial water vapor pressure on an Arrhenius
diagram and is accurate to =1 C. (See.e.g. Ref 9 regarding water
vapor pressure).

10

PWs(mmHg) = 107" x exp (-5899/(273+1)) W (7)

The Dew Point (DP) is then:
o 10 -6 '
DP{°C) = 5899/(1n 10" ~- 1n(ppmV x P x 10 7)) -273 ... (8)

Equatiens (5) to(7) together with eqns(1-3)have been used to calculate
acceleration factors for the case of trapped moisture. Figure 10
shows the calculated acceleration factor relative to 85/85 test

for decapsulated devices. From Figure 10 it is evident that the
acceleration factor will decrease as the test temperature appoaches
the Dew Point.

Assuming a median life of 24h for decagsulated devices in an 85/85
test, an acceleration factor of 4 x )10 1is required if the field
median life requirement is to be 10 h. This in turn implies that
devéces with a moisture content of <2000 PP could be ‘used above
-187C.
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FIELD FATLURES OF NONHERMETIC MOS-MEMORTES DUE TC¢ CORROSTON

11628 units of 1k PMOS dynamic RAM's in CERDIP encapsulation were
kept under surveillance by a failure reporting routine. The domi-
nating failure mode was corrosion on a V’D—line very close to a
V. ~line where the field strength was 2.7 V/um. All corroded de-
vices were found te be nonhermetic.

Figure 11 shows the cumulative failures as a function of time. TEe
median life of the nonhermetic parts is estimated to be 1.5 x 10 h
for T = 30°C and RH = 50%. According to Figure 8 the acceleration
factor for 30/50 is 2000.

The median life at 85/85 would then be 1.5 x 1oa/2000 = 7.5 h. This
has so far not been tested but the estimate is in agreement with the
15 h median 1life of CMOS at 85/85 from Figure 4., Thus it is concluded
that the median life of non hermetic MOS-memcries can be estimated
by using the acceleration factors of Figure 5 or 8.

CONCLUSIONS

1. It has been shown that plastic encapsulated semiconduc-
tors can not be approved for general use in telecommuni-
cation applications. They may, however, be used in cases
where the chip temperature exceeds the room ambient by

8]
at least 10 C. :

2. Acceleration factors for different combinations of tem—
perature and humidity have been collected and two models
- are found useful for prediction purpose, It is proposed
that THB tests should be evaluated using one of these
two models and that the slopes of Figures 5 and 8 should
be used,

3. Hermetic encapsulated devices should have <2000 ppm_ of
trapped moisture within the cavity. (Dew Points £-20°C
at 0.5 Atm cavity pressure).

4, ~ Nonhermetic CERDIP-encapsulated MOS-memories have caused
field failures within 2 vears. The mediam life of non
hermetic microcircuits can be estimated by using the
acceleration factors of Figure 5 or 8 on results from
decapsulated devices tested at 85/85.
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