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Synopsis of Thesis
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Name of Applicant: Yong-Won Lee

The goal of this thesis is to develop a robust assembly processes for system—in—package (5iP) module packaging
with ultra fine-pitch solder interconnected devices, and propose a solution procedure to minimizefeliminate
lead—free soldering defects in the assembly of high—density SiP modules.

Chapter 1 is the introduction, which presents the background and motivation for this research.

The literature relevant to the research objectives is reviewed in Chapter 2. In addition, this chapter
briefly reviews the current status of research on the high—density solder interconnection and assembly of
miniature chip components.

In Chapter 3, the assembly of 01005 miniature chip component was investigated. A detail study was
carried out various experiments to optimize surface mount technology (SMT) process parameters, particularly
focusing on solder paste type, stencil type, stencil design, vision camera type, and vacuum pick up nozzle type.
The results of the study indicated that both electroformed and electropolished laser—cut stencils had a
comparable print quality with respect to the solder volume delivered to the component pads. In terms of
assembly yield performance, type 4 (size range : 20-38 ym) solder paste with a smaller sphere size gave a better
overall yvield and better paste deposition on the component pad, if used on a 0.08 mm—thick electroformed stencil
with a 90 percent aperture. Temperature cycling between — 65 to 150°C, with up to 1,500 cycles, showed that no
cracks were observed at the solder joints due to temperature cycling. The process and design change required for
achieving a robust manufacturing process have been indicated and reported.

In Chapter 4, the effect of acid electrolyte and electropolishing conditions on the stencil printing
performance of the small apertures was investigated. The results demonstrated that the acid sclution for the
electrolyte as well as the electropolishing time had a significant effect on the small stencil's aperture quality and
the solder paste's stencil printing performance. In particular, a 95 wt.% phosphoric acid-based electrolyte
showed encouraging results in terms of SMT assembly vields.

In Chapter 5, the effect of electropolishing on the printing performance of the small apertures was
investigated. The results demonstrated that the deposited solder paste thickness was significantly better for the
enhanced laser—cut stencil with electropolishing compared to the conventional electroformed stencils. Due to
important improvements in the quality of the electropolished laser—cut stencil, and based on the results of this
experiment, the electropolished laser—cut stencil is strongly recommended for the solder paste printing of
fine—pitch and miniature components, especially in comparison to the typical laser—cut stencil.

In the Chapter 6, the effect of fine—grained structure on stencil printing performance was investigated.
The fine—grained metallic material exhibited superior performance, indicating that the grain size of metallic
materials has a significant effect on aperture dimensional tolerance, surface roughness of small aperture walls,
and stencil printing performances. For a 150 pm pitch flip—chip assembly, type 7 (size range: 1~12 ym) solder
paste with a smaller sphere size was chserved to produce good results in terms of a better solder paste deposition
on the component pads. Solder paste deposit volumes can also be controlled by optimizing appropriate printer
parameters, such as stencil speed and print force.

In the Chapter 7, the effect of micro via—in—pad designs on tombstoning defect was investigated. In total,

four different micro via~in—pad designs were compared (via—hole diameter): ultra small via—in—pads (10 gm),
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small via—in-pads (20 #m) and large via—in—pads (60 xm), as well as designs with no via—in—pads and capped
via—in—pads. The results indicated that capped via—in—pads exhibited the best results in preventing tombstoning,
and provided a wide process window for the selection of process parameters. It is also indicated that tombstoning
was found to rapidly reduced with both increasing stencil opening size and use of reflow profile with long
preheat conditions.

In the Chapter 8, the effect of micro via—in-pad designs on voiding and spattering defects were
investigated. The results indicate via—holes were seen to create bigger voiding than smaller via—holes. For
smaller via—holes, spattering is a greater problem than veiding in solder joints. Capped via—in—pads exhibited
the best results in preventing veiding and flux spattering, and provided a wide process window for the selection
of process parameters. The findings provide certain process guidelines for surface mount assembly with
via—in—pad substrate design. The strategy is to prevent voiding and spattering by adopting capped via—in—pads,
if possible, when applying micro via—in—pads with the 95wt.%Sn-5wt.%Sb solder alloy system.

In the Chapter 9, the effects of reworked board assemblies with lead—free BGA packages was
investigated. The results of the study indicated that the use of retrofit board fixture has proven to be most
efficient method of controlling the temperature of board and bottom side of rework equipment and therrmal
uniformity during rework process. The reworked BGAs passed through thermal cyeling of up to 1,180 cycles
without failures. However, the reworked BGA components showed an approximate 36 percent reduction in the
drop reliability over the non—reworked BGA components. The adjacent passive component was also degraded the
shear strength after the rework process, resulting in a joining reliability reduction of approximately 24 percent.

From the knowledge gathered, process guidelines are developed for the assemblies of high—density SiP
module platform with miniature components and ultra fine—pitch solder interconnected devices.
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