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Abstract

Water absorption rates of four Kkinds of epoxy resins cured with
phenol novolac (PH) were compared with the results of positron anni-
hilation l1ifetime measurements (PAL). Three samples: cresol novolac
(CR), tetra-methyl-biphenol (TMB) and bis-phenol A (BA), showed almost
similar absorption rates, while tris—-hydroxy-phenyl-methane (THPM)
absorbed water twice as fast as others. Since THPM has a larger T 3
value (hence larger intermolecular-space holes) than the’ other sam-
ples, the correlation between T 3 and the absorption rate seems
evident. For THPM, the 1lifetime distribution was shifted toward a
shorter lifetime after absorbing water, which is interpreted in terms
of the particular structure of three-dimensional holes.

1. Introduction

Among many types of epoxy resins, novolac epoxy resins are widely used
for encapsulation of Integrated Circuits (ICs) in order to protect
semiconductor chips and circuits from moisture, dusts, and other
external obstructions, as well as to secure the electrical insula-
tion. It 1is required for the encapsulation materials to have high
mechanical strength, high moisture resistance, and high heat resist-
ance. The present authors have applied PAL to study the characteris-
tics of novolac epoxy resins used for ICs /1/, and microscopic infor-
mation from PAL was compared with macroscopic characteristics ob-
tained by standard methods: . glass transition temperatures (Tg),
thermal expansion coefficient, mechanical strength and water absorp-
tion rate.
In this work, the water absorption rate is discussed in detail

and l1ifetime distributions of T 3 are compared with three dimensional
hole structures calculated using molecular dynamics method.
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2.Experiment

The positron annihilation experiments were conducted with a conven-
tional fast-fast coincidence system with a time resolution of 270ps
full width at half maximum (FWHM).

Four kinds of epoxy resins: CR, THPM, TMB and BA, were cured
with PH, adding tri-phenyl-phosphin as a catalyst (these are kindly
supplied from Sumitomo Chemical Co. Ltd.). For the measurements of
water absorption rate, the samples were 1immersed in a water bath
controlled at about 98°C and a weight increase of 2.3% was obtained in
10 days: PAL measurements were conducted for 1h to collect ca. 2
million events at each measurement of the water absorption rate. For
the analysis of tifetime distribution, the samples were immersed for 4
months 1in the water bath to achieve ca. 3% weight increase and PAL
data were collected more than 10 million events from 6~7 h measure-
ments. Although, during measurements, the samples were not sealed,
the moisture content was not changed after and before PAL: water
absorbed in samples is considered to be attached to hydrophilic radi-
cals.

3.Results and discussion
3.1 wWater absorption and positron annihilation results of I and 7 4

Water absorption rate, defined by mass increase in weight (AM) within
1th after immersing samples in water AM/MO (MO: original mass), was as
follows: 0.47%, 0.88%, 0.46%, and 0.45% for CR, THPM, TMB and BA,
respectively. These results indicate that three samples: CR, TMB and
BA, show almost similar absorption rates, while THPM .absorbs water
twice as fast as others.The relation between the weight increase and
I3 (7 3) is shown in Figure 1 (2).
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Figure 1, I, vs water absorption Figure 2, T 3 Vs water absorption
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3.2 Distribution of T 4 and water absorption

In the analysis of lifetime spectra using POSITRONFIT /2/, the number
of the 1lifetime components must be given as an input data. On the
octher hand, using a computer code "CONTIN" /3~7/, the lifetime spec-
tra can be resolved into a smooth solution without knowing the number
of the 1ifetime components. The CONTIN was applied to the 1ifetime
spectra for the four kinds of novolac epoxy resins with and without
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Figure 3, T 3 of CR Figure 4, 7 4 of THPM

water absorption. Figures 3 and 4 show a (A4 1M&k j versus T 3=1/2 5,
where Z 5a(A 1)Aﬂ_i=1 /4/. For the case of CR, two distribution
patterns for dry and wet samples are similar (Fig.3) and the same
results are also obtained for TMB and BA. .However findings for THPM
(Fig.4) show that the distribution of wet samples shift to shorter
1ifetimes, while the integrations of I are almost the same.

3.3 Three—-dimensional hole structures

As shown above, the distribution of 7T 5 for THPM shifts towards
shorter lifetimes, which seems to be related with its large T 3. To
investigate the hole structures, a program "CSC-Chem3D" /8/ was used
to calculate the smallest unit of the three-dimensional polymer
structure. The result is shown in Figure 5.

Figure 5, A calculated
three dimensional hole Bezene Ring
structure obtained for
a THPM unit cell
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From T 5 of POSITRONFIT, hole diameters for THPM and CR are
estimated to be 0.52nm and 0.58nm, respectively, which suggest the
small difference in the size: these diameters are calculated by the
semi—-empirical equation between T 3 and hole radius /9/. However, as
shown in Figure 5, the hole of THPM is elliptical in shape with much
longer axis (long axis ~ 1.6nm, short axis ~ 0.6nm) than that of CR
whose shape is quite close to sphere (long axis ~ 1nm, short axis ~
0.6nm). T 3 seems to be determined by the shortest distance of holes,
which are similar for both CR and THPM. In the case of THPM, the shift
of lifetime distribution (Fig.4) may be explained by the change in the
size because of filling the holes by water molecules. Figure 1 shows
the small changes in I, for THPM but 2~3% decreases for the others.
These results suggest that water molecules attached at the edge of
THPM holes do not reduce the number of holes for Ps: only the size of
hole becomes smaller but the hole has still enough size for Ps. In the
other cases (CR, TMB, and BA), when water molecules get 1inside the
holes, the size is not enough for Ps, resulting in the reduction of

I,.
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