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classification determines the time of accelerated equivalent 
soak by the equivalency of moisture concentration at the 
critical interface with the standard sensitivity test. This paper 
proposes a new methodology of accelerated moisture 
sensitivity test based on the equivalency of both local moisture 
concentration and overall moisture distribution for stacked-die 
molded matrix array package (MMAP). The new 
methodology can ensure the same failure rate of 
cracking/delamination by the equivalency of local vapor 
pressure, interfacial adhesion as well as the thermo- and 
hygro- stresses.  Finite element analysis (FEA) is applied for 
moisture diffusion and vapor pressure analysis under the 
conditions of 30°C/60%RH and 60°C/60%RH, respectively. 
At 70 hours at 60°C/60%RH, both the local moisture 
concentration at critical interface and overall moisture 
distribution of package become identical with that at 216 at 
30°C/60%RH, indicating that 70 hours is the equivalent soak 
time compared to the standard MSL-3 for this type of MMAP 
packages. Such an equivalency of the new accelerated test 
conditions is proven by moisture/reflow experiments under 
various soak times at 30°C/60%RH and 60°C/60%RH. 
Damage response assessed from inspection for internal 
cracking/delamination indicates that the accelerated test 
procedures are well correlated and considered 
indistinguishable in terms of failure rate. 

Introduction 
The development of three-dimensional (3D) 

microelectronic packaging with multi-die stacking technology 
has become essential to increasing functionality with higher 
memory capacity in more complex and efficient architectures. 
Molded matrix array package (MMAP) is a new packaging 
technology with smaller feature sizes, which allow multiple 
chips stacked vertically. One of the key challenges for 
developing MMAP is to meet the requirement of 
moisture/reflow sensitivity test without cracking/delamination 
in die-attach films. 

Moisture/reflow sensitivity test for plastic surface mount 
devices (SMDs) has been defined and outlined in the 
IPC/JEDEC industry standard J-STD-020 [1]. This test 
specification has established exposure conditions of 
temperature, humidity, and time, as well as the classifications 
of reflow profile, for which the moisture sensitivity rating of 
plastic packages are classified and referenced. The 
moisture/reflow sensitivity test consists of two stages. Stage I 
is moisture soak, in which a specific combination between 
temperature, humidity and time is defined to mimic humidity 
exposure of plastic packages in field use conditions. Stage II is 
rapid heating to simulate the surface mounting soldering 
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where E is elastic modulus, εT is the thermal strain, α is the 
CTE, and ∆T is the temperature change.  

Similarly, assuming the package is in the state of zero 
stress due to hygroscopic swelling when it is fully dry, the 
hygro-stress is applied on the package due to coefficient of 
moisture expansion (CME) mismatch at the soak humidity [8-
12]. The hygro-stress, σH, at the soak humidity can be 
expressed as  
σH = E·εH = E·βC     (2) 

where εH is the hygro-strain, β is the CME, and C is the 
moisture concentration.  

During the soak, the moisture condenses in the micropores 
or free volumes of porous materials. The moisture 
vaporization generates high vapor pressure causing the pore 
swelling or even braking at the high reflow temperature [13-
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The failure rate under standard 216hrs-30oC/60%RH was 
4.6%, as shown in Fig. 5. The failure rates under various 
conditions of 60oC/60%RH are also plotted in Fig. 5 with 
logarithmic scale. The failure rates under various conditions of 
60oC/60%RH can be fitted as Eq. (4) 
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where t is the soak time.  
By equaling the failure rates under 30oC/60%RH and 

60oC/60%RH, the soak time under 60oC/60%RH can be 
determined as 68.3hrs to be equivalency with the standard 
216hrs-30oC/60%RH. The experimental moisture/reflow tests 
validated the new methodology and the modeling analysis. 
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Fig. 5: Failure rate under various conditions 

 

Conclusions 
This paper proposes a new methodology of accelerated 

moisture sensitivity test based on the equivalency of both local 
moisture concentration and overall moisture distribution for 
stacked-die MMAP. The new methodology can ensure the 
same failure rate of cracking/delamination by the equivalency 
of local vapor pressure, interfacial adhesion as well as the 
thermal stress and hygro-stress.  The novel modeling 
approaches is applied for moisture diffusion and vapor 
pressure analysis under the condition of 30°C/60%RH and 
under the various conditions of 60°C/60%RH. At 70hrs at 
60°C/60%RH, both the local moisture concentration at critical 
interface and overall moisture distribution of package become 
identical with that at 30°C/60%RH for 216hrs, indicating 
70hrs as equivalent soak time compared to the standard MSL-
3 preconditioning for this type of MMAP. Such an 
equivalency of the new accelerated test conditions is proven 
by moisture/reflow sensitivity experiments under the 
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