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A Micromechanics-Based Vapor
Pressure Model in Electronic
Packages

A complete vapor pressure model based on a micromechanics approach is developed in
this paper. The model can be extended to calculate the initial vapor pressure as traction
loading subjected to the interfaces after the delamination. The impact of the vapor pres-
sure induced expanison on the material’s deformation is discussed.
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1 Introduction

Polymer materials have wide applications in microelectronic
packaging. Some polymer materials are used in bulk form, such as
encapsulant (molding compound) and carrier or printed circuit
boards (FR4 and BT). Some polymer materials are used as adhe-
sives, such as die-attach, underfill, or other structural and thermal
adhesives. Polymers are also used in thin or thick film as an iso-
lation layer, such as a solder mask on a printed circuit board or
passivation layer in the wafer level.

Despite the diversities of the chemistry and compositions, the
polymer materials applied in microelectronics can be either ther-
moset or thermoplastic materials [1]. Both types of materials have
a glass transition temperature around which the material proper-
ties, such as the CTE and Young’s modulus, are very sensitive to
temperature.

Another common feature of polymer materials is the high po-
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where 1 and 2 represent different materials, respectively, and S is

the solubility. The solubility S is related to the saturated concen-
tration Cgy by

3

S = Csa/ Pext (4)

where pey IS the ambient vapor pressure under the given humid
conditions.

In order to numerically solve Eqg. (1) in a multiple-material
system (e.g., by finite element method), the following variable
with continuity at the interface can be defined [2]

©=CIS (5)
or equivalently, according to Eq. (4)
W = C/Cgy (6)

In order to illustrate the nature of the moisture diffusion in
plastic materials, we consider an example of a simple transient
moisture diffusion problem in a slab, with the boundary condi-
tions as shown in Fig. 1. The thickness of 2 mm is taken as a
typical value. The material properties (e.g., a typical mold com-
pound), together with the ambient humid conditions for three
types of moisture preconditioning are listed in Table 1 [2]. The
solution can be represented as [3]

CX,)=Cqe| 1- > [
n=0
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The following relation between p and C can be obtained

_dm _dmdv _
Tdve dvdvy

As discussed before, the saturated moisture concentration Cgy
=41p.,; at 85°C/85RH condition for a typical mold compound.
Assume that the void volume fraction f is 0.05, Eq. (12) gives p
=820pgyt. This number clearly shows that how much moisture a

p clf (12)



Colfo > py(To) and [l 3a(T - Tg)] < py(T) (30)

The phase transition temperature T, where the moisture is just
fully vaporized, should be determined first according to Eq. (14),
which can be rewritten as

1-3a(T,-Tp) (Ty) (31)
f(Tl)[ 1 0l= Pglla

Then from T, to temperature T the Eq. (18) can be used with
the reference state (p,,f,,T,,C;) to be substituted by
(p(Ty),f(T1),T1,C(Ty)), as follows:
THTIC o THTC
T, fC(Ty) 9 VT C(Ty)
T f(Ty) 1-3a(T-Typ)

g(Tl)_
f 1- 3a(T1 To)

Now the equations for calculating the vapor pressure are com-
plete, which can be summarized as follows:

Case 1. when Co/ =< py(To)

p(T) =p(Ty)—

(32)

Pg(To) T
CoPg(To)
p(T) = p(To)l TO[1 3a(T = Ty)] (33)

Case 2: when (Co/f)[1-3a(T-Tp)]= py(T)
p(T) = pg(T) (34)

Case 3: when Cy/fo>py(To), and (Co/f)[1-3a(T-Ty)]

<pyg (T)

p(T) = %Uﬂ

T f(Tl) 1-3a(T-Ty)



rated vapor pressure, i.e., p=pq(T=220°C)=2.32 MPa. The vapor
pressure with such a magnitude has significant effect on the void
behavior, which was discussed in Ref. [7].

Questions remain that how to measure the initial void volume
fraction fy. An approximate method in estimating the initial void
volume fraction was proposed [6] by using the moisture absorp-



the delaminated surfaces. After the moisture-diffusion modeling is
performed, the averaged moisture concentration can be calculated
according to Eq. (44). When

ce= pg(T) (45



