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Abstract: As the trend in advanced semiconductor packaging continues toward finer pitch and higher
integration, bonding technologies are increasingly expected to meet stricter thermal and mechanical
performance requirements. However, conventional methods such as Thermo-Compression Bonding (T'CB) often
lead to problems including thermal stress, long processing times and limitations of fine-pitch bonding. To
overcome these challenges, this study introduces Room-Temperature Laser-Assisted Bonding with Compression
(LABC), a next-generation bonding technique that enables localized heating and rapid cooling, minimizing
thermal stress while improving alignment accuracy and process efficiency. To further enhance the electrical and
mechanical reliability of LABC, we developed two types of Laser Non-Conductive Paste (LNCP), designated
LNCP-(A) and LNCP-(B). These eco-friendly materials, flux-free and solvent-free, not only prevent void
formation and fume generation but also eliminate the need for post-bond cleaning and underfill processes. The
bonding experiments were conducted on 30 pm-pitch daisy-chain bump structures formed on 11 mm X 7 mm
silicon chips, simulating High Bandwidth Memory (HBM). The glass transition temperatures (Tg) of LNCP-(A)
and LNCP-(B) were measured to be 36.27 °C and 51.23 °C, respectively, via Differential Scanning Calorimetry
(DSC). Following the bonding process, electrical resistance measurements, cross-sectional microstructural
analysis, and temperature cycling (T'C) tests were performed. LNCP-(B), with its higher Tg, exhibited improved
thermal stability and lower resistance variation compared to LNCP-(A). Furthermore, the LABC process
effectively suppressed intermetallic compound (IMC) growth, resulting in consistently thinner IMC thickness
compared to those formed by TCB. In addition, shear strength testing confirmed the mechanical robustness of
the bonded joints. These results demonstrate the effectiveness of LABC with optimized LNCP materials as a
promising solution for high-reliability, fine-pitch interconnections in next-generation semiconductor packaging.
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Fig. 1. Illustration of Laser-Assisted Bonding with Compression
(LABC) technology.
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Fig. 2. Schematic diagram of test vehicle. (a) Top chip and (b) Substrate
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Fig. 3. SEM analysis of the test vehicle. (a) Top chip and (b) Substrate
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Fig. 5. DSC curves of (a) cured LNCP-(A) and (b) cured LNCP-(B)
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Fig. 6. Microscopic image depicting a test sample with

thermocouple installed for temperature profile measurement
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Fig.10. Fillet formation after post-curing: (a) Cross-sectional image of the bonded top chip and substrate. (b) Plane microscope image of the
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Fig. 12. Cross-sectional SEM image of the initial IMC, which formed during the solder reflow process
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Fig.13. EDS analysis of the bonding joint. The SEM image illustrates the detailed elemental composition, including the (Ni,Cu);Sny IMC,
formed at the bonding interface. The graph depicts the elemental distribution, highlighting the presence of (Ni,Cu);Sny IMC along with

other key elements.
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Fig. 14. Resistance changes during TC test: (a) Daisy chain
resistance and (b) Single bump resistance
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Fig. 15. Cross-sectional SEM images of bonded chips using LNCP-(A) after TC tests: (a) After 100cycles, (b) After S00cycles, (c) After
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Fig. 16. Cross-sectional SEM images of bonded chips using LNCP-(B) after TC tests: (a) After 100cycles, (b) After 500cycles, (c) After

1000cycles
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plane view of the fracture region. Typical features of ductile fracture, such as dimple structures, are observed on both sides, indicating that
the failure occurred through localized plastic deformation at the bonding interface.
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