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Abstract : We investigate the via-size dependance of as-electroplated- and reflow-bump shapes for
realizing both high-density and high-aspect ratio of solder bump. The solder bump is fabricated by
subsequent processes as follows. After sputtering a TiW/AI electrode on a 5-inch Si-wafer, a thick
photoresist for via formation is obtained by multiple-coating method and then vias with various diameters
are defined by a conventional photolithography technique using a contact alinger with an I-line source.
After via formation the under ball metallurgy (UBM) structure with Ti-adhesion and Cu-seed layers is
sputtered on a sample. Cu-layer and Sn/Pb-layer with a composition ratio of 6 to 4 are electroplated by
a selective electroplating method. The reflow-bump diameters at bottom are unchanged, compared with
as-electroplated diameters. As-electroplated- and reflow-bump shapes, however, depend significantly on
the via size. The heights of as-electroplated and reflow bumps increase with the larger via, while the aspect
ratio of bump decreases. The nearest bumps may be touched by decreasing the bump pitch in order to
obtain high-density bump. The touching between the nearest bumps occurs during the overplating
procedure rather than the reflowing procedure because the mushroom diameter formed by overplating is
larger than the reflow-bump diameter. The arrangement as zig-zag rows can be effective for realizing the
flip-chip-interconnect bump with both high-density and high-aspect ratio.
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Fig. 1. Cross-section SEM image for the via with 100 um

in diameter.
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Fig. 2. SEM images for the electroplated-solder bump with
60/150 um in diameter/pitch. (a) Side-view, and (b)
high-resolution side-view.
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Fig. 3. SEM images for the reflow-solder bump with 40/
100 pm in diameter/pitch. (a) Top-view, and (b)
high-resolution side-view.
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Table 1. The relationship between a patterned-via diameter and a reflow-bump diameter and reflow-bump height

Via di .
ta diameter as-plated-bump diameter

The order of reflowed-bump diameter deviation from

The order of spherical shape Aspect ratio

(um) (o ratio of @ to ¢) (B; ratio of e to f) (y, ratio of d to f)
40 1.54 0.79 1.23
60 1.39 0.76 1.06
80 1.28 0.72 0.93

100 1.16 0.68 0.80
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Fig. 6. The schematic diagrams of (a) as-electroplated-,

and (b) reflow-solder bumps, where a, b, ¢, d, e and

f indicate a electroplated-bump-bottom diameter, an

overelectroplated-bump-head diameter, a electro-

plated-bump height, a reflow-bump-bottom diame-

ter, a reflow-ball diameter, and a reflow-bump
height, respectively.
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Fig. 7. Schematic diagram of bump arrangement for re-
alizing the high-density and high-aspect ratio. (a)
Straight arranged-bump, and (b) zig-zag arranged-
bump.
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