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Abstract: As the size of semiconductor chip shrinks, the electronic industry has been paying close attention to fan-out
wafer level packaging (FO-WLP) as an emerging solution to accommodate high input and output density. FO-WLP also
has several advantages, such as thin thickness and good thermal resistance, compared to conventional packaging
technologies. However, one major challenge in current FO-WLP manufacturing process is to control wafer warpage,
caused by the difference of coefficient of thermal expansion and Young’s modulus among the materials. Wafer warpage
induces misalignment of chips and interconnects, which eventually reduces product quality and reliability in high volume
manufacturing. In order to control wafer warpage, it is necessary to understand the effect of material properties and design
parameters, such as chip size, chip to mold ratio, and carrier thickness, during packaging processes. This paper focuses
on the effects of thickness of chip and molding compound on 12” wafer warpage after PMC of EMC using finite element

analysis. As a result, the largest warpage was observed at specific thickness ratio of chip and EMC.
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Fig. 1. Process flow for chip first FO-WLP.
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Fig. 2. Real structure and converted layer-by-layer structure.
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Table 1. Material properties

Material Young’s modulus CTE Poisson’s
(GPa) (ppm/°C) ratio
Mold frame 69.3 7.6 0.34
Chip 168 26 028
EMC 27 6.3 03
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Fig. 4. Finite Element Mesh.
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Fig. 5. Warpage corresponding to chip thickness ratio.

vt

onn

N conn
snn
s

Bion

B 2eem

1
g o
ona

0.6 mm R=0.1 0.6 mm R=0.3

n
3E
]

HH T

[ B
HE
F3

0.6 mm R=0.6 0.6 mm R=0.9
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Fig. 7. Von Mises Stress on Chips.
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Fig. 8. Von Mises Stress on EMC.
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Fig. 9. Normalized warpage with various EMC cap.
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Fig. 10. Normalized warpage with various EMC cap.
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