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Visualization for racing effect and meniscus merging in underfill process
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Abstract: In flip chip packaging, underfill process is used to fill epoxy bonder into the gap between a chip
and a substrate in order to improve the reliability of electronic devices. Underfill process by capillary motion
can give rise to unwanted air void formations since the arrangement of solder bumps affects the interfacial
dynamics of flow meniscus. In this paper, the unsteady flows in the capillary underfill process are visualized
and then the racing effect and merging of the meniscus are investigated according to the arrangement of sol-
der bumps. The result is shown that at higher bump density, the fluid flow perpendicular to the main direc-
tion of flow becomes stronger so that more air voids are formed. This phenomenon is more conspicuous at a
staggered bump array than at a rectangular bump array.
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Figure 1: A flip chip specimen to visualize the
underfill flow
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Figure 3: Overall filling times for various bump

pitches according to the type of bump array
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Figure 4: Variations of meniscus according to the
filling time; (a) attaching process, (b) detaching
process, (c) movement in the non-bump region
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Figure 5: Movement of meniscus by the racing
effect at the bump pitch 80 /m in the rectangular
array; (a) movement of vertical meniscus, (b) de-
taching process, (c) variations of meniscus angle,
(d) successive detaching process
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Figure 6: Movement of meniscus by the racing
effect at the bump pitch 160 wm in the rec-
tangular array; (a) movement of vertical meniscus,
(b) attaching process, (c) detaching process, (d)

variations of meniscus angle
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Figure 7: Merging of meniscus by the racing ef-
fect; (a) difference of meniscus velocity at the
center and edge flows (b) causing voids at inter-
section
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Figure 8: Merging of meniscus at the bump pitch
100 gm in the rectangular array; (a) the early
flow fronts, (b) flow fronts encountered at the
centers, (c) flow fronts encountered at the left
edge and center, (d) flow fronts encountered at
the right edge and center, (e) voids produced af-
ter the filling process
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Figure 9: Merging of meniscus at the bump pitch
80 um in the staggered array; (a) the early flow
fronts, (b) flow fronts encountered at the Ileft
edge and center, (c) flow fronts encountered at
the right edge and center, (d) encountering of the
left and right edge flows, (e) voids produced af-
ter the filling process
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Figure 10: Movement of meniscus at the bump
pitch 80 /m in the rectangular array; (a) the early
flow fronts, (b) the final flow fronts, (c) no void
produced after the filling process
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