
 

Abstract—Electronic packaging reliability is known to be 

affected by humidity from the environment. Absorbed moisture 

can cause serious assembly issues such as warpage, delamination, 

and even pop-corning. However, to this day, material moisture 

properties are not readily available – especially at high 

temperatures. This paper introduces a novel method of measuring 

high temperature material swelling to extend the characterization 

capability beyond typical measurement limits. This new 

measurement concept has yielded some promising results and 

presents opportunities for future work. 
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I. INTRODUCTION  

Today’s electronic packaging is primarily made up of 
polymer-based materials, such as epoxies, which are 
hydrophilic and absorbs moisture from the environment. 
Absorbed moisture accumulates deep within the package, and 
causes swelling mismatch with non-polymeric material. This 
can lead to interfacial delamination or catastrophic vapor 
pressure induced pop-corn failure during reflow. Therefore, 
understanding material moisture characteristics is critically 
needed to mitigate risk of such failures.  

The coefficient of hygroscopic swelling (CHS) is a 
measure of how much a material swells due to moisture 
concentration. The concept is analogous to the coefficient of 
thermal expansion (CTE). It has been reported that swelling 
induced strain can be even higher than thermally induced 
strain [1]. However, there are very few reports on material 
high temperature CHS available in literature or suppliers’ 
material data sheets. This is primarily due to lack of efficient 
measuring techniques. This paper is an attempt to address the 
lack of this information. It is challenging to measure high 
temperature swelling because of moisture evaporation and 
non-uniform effects during measurement. Commercially 
available tools, like dynamic mechanical analyzer (DMA-
RH), can only measure up to 85oC at high humidity. However, 
solder reflow temperature can reach >200oC. High pressure is 
required to keep moisture in a liquid state at higher 
temperature, which is simply not feasible with DMA. A more 
popular approach uses a standard thermal mechanical analyzer 
(TMA) [2], but due to rapid desorption during measurement, 
the averaged strain reportedly overestimates the results. 
Another method that has been used is Moiré Interferometry, 
which has good accuracy and repeatability; however, it has 
inherent limitations as the replicated epoxy grating on sample 
surface can result in measurement errors, particularly with thin 
specimens. A more recent technique is digital image 
correlation (DIC), which does not need a grating layer. A 
quick scanning approach to measure a range of temperatures 
has been developed [3]. However, like the TMA approach, 
moisture is still continuously escaping from the sample during 

measurements. Therefore, complex post-processing 
correction is needed to compensate for moisture loss.  

The objective of this paper is to present a novel approach 
to measure hygroscopic swelling of a saturated mold 
compound, up to 200oC. 

II. METHODOLOGY 

CHS is defined as the ratio of the ultimate hygro-strain 
over the percentage total weight gain in the saturated sample 
as shown in equation (1) Where β is the CHS, εh is the 
hygroscopic strain in percentage, and C is the moisture content 
percentage. 

𝛽 =
𝜀ℎ

𝐶
               (1) 

An epoxy mold compound used in electronic packaging 
was chosen for this study. All sample specimens were dried in 
an oven. The samples have a much smaller thickness than the 
in-plane dimensions. Therefore, the moisture diffusion is 
considered as 1-dimensional diffusion. Dried samples were 
sprayed on the ends of one side with white high temperature 
paint and random black speckles. 

To measure hygroscopic strain, test specimens were 
immersed in water at room temperature (20oC) until fully 
saturated. Strain was measured with DIC, which is a full field 
optical deformation measurement technique in which in-plane 
deformation is determined by comparing changes in digital 
images. The temperature was gradually increased to >200oC. 
To overcome rapid evaporation above the boiling temperature, 
a custom enclosure was built, capable of withstanding 
pressure build-up as water is heated up. This maintains a 
saturated moisture environment throughout the test. Unlike 
the existing method, the goal and challenge of maintaining a 
constant uniform moisture state throughout the test 
temperature range.  The chamber has a thick sight glass on one 
side to allow the continuous strain measurement throughout 
the test. The setup is illustrated schematically in figure 1. 

 

 

 

 

 

 

 

Fig. 1. Experiment Concept Setup 

It is expected that the measured strain would combine 
hygro-swelling and thermal expansion. Moisture induced 
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strain is obtained by subtracting the thermal strain component 
from the measured strain. 

To obtain moisture concentration C, dried specimens were 
immersed in water and weighed at various time intervals, 
using an analytical balance until saturation is achieved. The 
weight of the samples were monitored periodically until the 
specimen weight remains unchanged for an extended period 
of time.     

III. MEASUREMENT AND RESULTS 

A. Thermal Expansion 

Dry prepped sample was placed in the enclosure, without 
any solution, while thermal expansion strain was measured 
continuously using DIC as the temperature was increased. For 
validation, thermal expansion was also measured using TMA. 
The thermal strain as a function of temperature results is 
shown in fig. 2. The glass transition temperature (Tg) and CTE 
were comparable between the 2 methods. Tg is 154oC. CTE1 
is 11ppm and CTE2 is 49ppm. This also showed that the thick 
sight glass did not have any significant impact on the DIC 
measurement. 

Fig. 2. Mold Thermal Strain vs Temperature 

B. Moisture Concentration 

 Another dried sample was immersed in water at 
room temperature and weighed at various time intervals 
until saturation. Before weighing, the specimens were 
wiped down to remove excess surface moisture. The 
moisture content gain, Mt   was determined by:  

𝑀𝑡(𝑤𝑡%) =
𝑚𝑡−𝑚0

𝑚0
× 100%                  () 

For validation, Thermo Gravimetric Analyzer (TGA) was 
used to measure sorption at different temperatures and 
determine the diffusivity D at 20oC using Fick’s 1-D 
diffusion model equation (2) and fitting diffusivities to the 
Arrhenius equation.  
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The diffusion equation (2) was then used to analytically 
validate the moisture absorption data. Fig. 3 shows the 
isothermal absorption curves for mold specimens in water. 
As can be seen, there is an excellent agreement between 
the Fickian analytical solution and measured data. The 
moisture concentration at other temperatures did not seem 
to vary significantly, nonetheless extrapolation was still 
done for higher temperatures [4]. 

C. Moisture Swelling 

Dried specimens were immersed in the water fill enclosed 
chamber. Strain was measured using DIC and compared 

against scaled DMA-RH data. Both approaches gave similar 
saturated strain of ~0.063%. 

 

 

 

 

 

 

Fig. 3. Mold isothermal moisture absorption 

After saturation is achieved, the temperature is steadily 
ramped up to >200oC while strain is recorded. The swelling 
strain component is obtained by subtracting the thermal strain 
(Fig. 2) from the measured strain. Fig. 4 shows the resultant 
swelling strain along with the scaled DMA-RH measurements 
which matches quite well. The Tg also reduces due to the 
plasticizing effect of moisture [5]. Swelling strain values are 
just as high as the thermal strains. The CHS was determined 
by substituting strain measurement and moisture 
concentration (section B) in equation 1. CHS values were 
within range of published values for mold compound [6]. 

Fig. 4. Mold Compound Swelling strain vs Temperature 

IV. CONCLUSION  

Moisture absorption and hygroscopic swelling properties 
of a mold compound have been investigated. Moisture 
swelling was measured using novel high temperature swelling 
chamber and DIC strain measurement technique. Unlike other 
methods, this chamber maintains saturated soak condition 
between 20oC and 200oC. The results were comparable with 
data from established methods and limited publications. 
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