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Abstract: Complex warpage behavior of the electronic packages causes internal stress so many kinds of mechanical
failure occur such as delamination or crack. Efforts to predict the warpage behavior accurately in order to prevent the
decrease in yield have been approached from various aspects. For warpage prediction, silicon is generally treated as a
homogeneous material, therefore it is described as showing no warpage behavior due to thermal loading. However, it was
reported that warpage is actually caused by residual stress accumulated during grinding and polishing in order to make
silicon wafer thinner, which make silicon wafer inhomogeneous through thickness direction. In this paper, warpage
behavior of the single-side polished wafer at solder reflow temperature, the highest temperature in packaging processes,
was measured using 3D digital image correlation (DIC) method. Mechanism was verified by measuring coefficient of
thermal expansion (CTE) of both mirror-polished surface and rough surface.
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Fig. 1. (a) Random speckle pattern generated by ceramic spray on
the Si wafer surface. (b) 3D-DIC set-up to measure warpage
at high temperature.
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Fig. 2. (a) A schematic and (b) image of the experimental setup
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Fig. 4. Deflection contour and line profile of silicon wafer at the
Fig. 3. DIC analysis to quantify the value of the warpage. room temperature (a) front side, and (b) back side.
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