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Abstracts

The global Lead Free Bump (LFB) market size is expected to reach $ 3997 million by

2032, rising at a market growth of 7.5% CAGR during the forecast period (2026-2032).

Lead-Free Bump (LFB) generally refers to wafer-level bump interconnects formed with

Pb-free solders or Pb-free bump structures to electrically/thermally connect a

semiconductor die to a carrier (substrate/interposer) in flip-chip and related advanced

packages. EU technical documentation on RoHS exemptions describes flip-chip solder

bumps as minute solder spheres connecting the die and carrier, with stress

concentrated at the bump interface and transferred to fragile low-k layers. In practice,

LFB offerings are commonly grouped into plated solder bumps (C4/SAC-type), Cu-pillar

bumps with Pb-free solder caps, and micro-bumps used for high-density 2.5D/3D and

chiplet interconnects, often combined with wafer-level repassivation and RDL to support

FC-BGA, FC-CSP, WLCSP and advanced packaging stacks.

LFB technology is driven by (1) Pb-free alloy systems, (2) wafer bumping process

integration, and (3) reliability engineering. SAC alloys are the mainstream Pb-free

choice; Indium explicitly defines SAC305 (96.5Sn/3.0Ag/0.5Cu) as a widely used Pb-

free solder developed to comply with regulations such as RoHS. Other Pb-free families

(Sn-Cu, Sn-Ag, Sn-Bi, Sn-In, and modified SAC variants) are deployed for cost, low-

temperature assembly, or crack-resistance trade-offs. The typical process chain

includes UBM deposition/electroplating, lithographic openings, Cu pillar and/or solder

plating, reflow shaping, cleaning/inspection, and integration with repassivation and multi-

layer RDL. Amkor states its 200/300mm “lead-free and Cu pillar solder compositions”

are production-certified, illustrating industrial maturity. Reliability remains the hardest

constraint: EU RoHS exemption dossiers emphasize that Pb-containing solders are

softer/more ductile and can better absorb CTE-mismatch stress, reducing low-k
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cracking and solder cracking risks—explaining why legacy high-Pb bumps can

persist in certain high-reliability envelopes.

The competitive landscape spans OSATs and packaging leaders, advanced packaging

foundries/IDMs, and the materials/chemicals supply chain. On the OSAT side, Amkor

and ASE highlight high-volume Pb-free and Cu-pillar bumping capabilities, while the

broader market is pulled by chiplet and 2.5D/3D roadmaps. From a technology-trend

perspective, MA-tek notes two main paths toward
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