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T f ( T , )  1-3a(T-T0) 
T, f 1-3a(T,-T0) 

P(T) = P,(Q-- (27) 

where TI is determined by equation (23). 
The above model includes an unknownf; the current void 

volume fraction. Obviously, the vapor pressure is dependent 
on the void deformation behaviors, and should he solved 
together with the goveming equations of deformation. 

Let's investigate the magnitude of vapor pressure for case 
1, where the moisture is in single-vapor phase at 
preconditioning. Assuming that the preconditioning 
temperature To is W C ,  the maximum vapor pressure allowed 
in voids at To is the saturated vapor pressure pg(T~85"C)  = 

5.27e-2 MPa. The vapor pressure at reflow temperature T= 
2 2 0 T  is plotted as function of the current void volume 
fraction f in Fig. 3, by using equation (25) (a=20OppdDC, 
f0=0.03). The vapor pressure decreases with the current void 
volume fraction. The pressure may he lower than the initial 
vapor pressure of To when the void becomes large. The 
maximum vapor pressure developed at 220°C is 7.92e-2 Mpa, 
when the void does not grow eh). The results imply that the 
vapor pressure for case I is substantially low such that it has 
almost negligible effect on the void growth. 
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Fig.3 Vapor pressure p at 220°C versus the current void 
volume fractionfhy equation (25) for case 1, withh=O.O3, 

a=200ppd°C, T0=8S0C, andpO=p-=pg(XSoC) = 5.27e-2 
MPa. 

Consider the case 2 where the moisture is not fully 
vaporized at reflow temperature T. In this case the vapor 
pressure is the saturated vapor pressure, i.e., 
p=p,(T=22OoC)=2.32 MPa . 

Questions remain that how to measure the initial void 
volume Fractionh. An approximate method in estimating the 
initial void volume fiaction was proposed [2] by using the 
moisture absorption test. From equation (4), when moisture 
absorption is saturated the initial void volume hc t ion  is 
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interface strength at high moisture concentration and high 
temperature (very low k). However, for same material the 
correlation between the delamination and the moisture 
absorption is direct and obvious. Therefore, equation (35) is a 
general form to describe the void behavior on interface. 

The exact determination of the material properties such as 
k is challenging. Instead of determing equation ( 3 3 ,  in the 
following, equation (34) will be applied to see how much 
void growth in stage 2 will lead the void grow unstablly. Let 
assume that the initial void volume kaction is 0.01. At the 
beginning the void will deform along the solid line shown in 
Fig. 7. Then void growth enters second stage, in which the 
stress-level does not change but void grows following 
equation (35). This stage is shown in Fig. 7 as dotted line, 
which will intersect with another equilibirum curve. The void 
will not grow further if stress-level is still below the critical 
stress. Otherwise, like case 2 shown in Fig. 7, the 
delamination will take place. 
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Fig. 7 void growth at interfaces 

3 Discussions 
The micro-mechanics analysis based on the single-void 

model study as discussed above, reveals some fundamental 
features associated with the failure mechanism for porous 
material such as the unstable growth of voids. How to link the 
results of the single void behavior to descriptions of material 
behavior in a macroscopic sense therefore becomes one of the 
mitical issues. Homogenization processes can be applied for 
this purpose. There are several theories to establish the 
relationships between the microscopic and macroscopic 
variables [9.10]. For a porous material, the void volume 
fractionfis treated as afierd variable: a damage parameter to 
represent the local material behavior. pl at a particular 
(continuum) point implies that delamination takes place at this 
‘point’. The evolution equation is required for the void 
volume fraction $ For homogeneous material in bulk, the 
growth rate can he written as [IO], . .  

f = 


