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Abstract: Recently, the semiconductor package structures are becoming thinner and more complex. As the thickness
decrease, interfacial delamination due to material mismatch can be further maximized, so the reliability of interface is a critical
issue in industry field. Especially, the polymers, which are widely used in semiconductor packaging, are significantly affected
by the temperature and moisture. Therefore, in this study, the delamination prediction at the interface of package structure was
performed through finite element analysis considering the moisture absorption and desorption under the various temperature
conditions. The material properties such as diffusivity and saturated moisture content were obtained from moisture
absorption test. The hygro-swelling coefficients of each material were analyzed through TMA and TGA after the moisture
absorption. The micro-shear test was conducted to evaluate the adhesion strength of each interface at various temperatures
considering the moisture effect. The finite element analysis of interfacial delamination was performed that considers both
deformation due to temperature and moisture absorption. Consequently, the interfacial delamination was successfully
predicted in consideration of the in-situ moisture desorption and temperature behavior during the reflow process.

Keywords: Semiconductor package, hygroscopic thermal behavior, interfacial delamination, adhesion reliability
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Fig. 1. Moisture absorption test result according to the package materials: (a) Printed circuit board (PCB), (b) Epoxy molding compound

(EMC), and (c) Die attach film (DAF). (d) The relationship between the temperature and moisture diffusivity according to the package
materials. (e) The relationship between the saturated moisture content and relative humidity according to the package materials.
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Fig. 2. The optical image of interfacial adhesion test specimen in thickness direction for (a) casel(EMC-Chip) and case2 (Chip-PCB),
and (b)case3 (EMC-PCB). (c¢) Schematic image of micro-shear test jig and the optical image of specimen before and after the test.
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Fig. 3. The adhesion strength according to the temperature and moisture absorption as a result of micro-shear test, and 3D curve fitting
results for (a)EMC-Chip, (b)Chip-PCB, and (c)EMC-PCB interfaces.
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Fig. 4. (a) Schematic of 3D package structure for delamination prediction simulation. (b) The layer structure of package model in cross-
section view. (¢) The temperature profile during moisture absorption and reflow process in delamination simulation. Finite element
simulation result: (d) normalized moisture concentration and (e) maximum principal strain.
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