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Laser-Assisted Bonding for Indium Solder: As semiconductor components have become smaller, more complex and more highly integrated, there has been a growing emphasis on the issue of heat transfer between them. In particular, micro-LED displays, optoelectronic devices and microelectromechanical systems (MEMS) may have low heat tolerance and may experience degradation at high process temperatures. This means that effective soldering materials and processes are needed to address thermal issues during assembly. Indium solder is one of the most commonly used low-temperature solders, with excellent ductile properties and a low melting point (156.6℃.) It also exhibits superior electrical and thermal conductivity. However, the lack of standardized process parameters for indium soldering means that more research is needed in this area.
To derive the optimal process window, an ETRI-led team established process methods (including bonding techniques, materials, and conditions), and conducted experiments using laser-assisted bonding (LAB) at room temperature vs. traditional thermocompression bonding. The LAB process with indium solder demonstrated effective bonding and good reliability under all conditions with a laser irradiation time of five seconds or more. The findings also suggest that because the LAB process takes place at room-temperature, it reduces overall energy consumption and is attractive for use with heat-sensitive components.

The images above are schematic diagrams of the laser-assisted bonding flow.

(Session 41, Student Poster Paper, “Reliability of Indium Solder Joints using a Laser-Assisted Bonding (LAB) Process at Room Temperature,” J. Jung et al, ETRI/Hanbat Nat’l Univ.)
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Fig. 3 Schematic diagram of bonding results. (a) Without laser reflow, (b)
With laser Reflow

To address the uneven shape of the indium bumps, a laser
reflow process was conducted before the bonding process. The
reflow process was carried out by irradiating the indium bumps.
with a laser at room temperature. The reflow process conditions
were optimized by adjusting the laser power within a range that
minimizes the irradiation time. Table 2 presents the laser reflow
process conditions. For successful reflow of indium solder, it is
essential to remove the native oxide laer present on the indium
surface. In this study, instead of commonly used commercial
flux, a newly developed material was employed. This material,
characterized by rapid reaction time, is suitable for laser
processes due 1o its ability to respond to short-duration laser
irradition within seconds. Moreover, it easily removes indium
oxide on the surface. Additionally, the process is
environmentally friendly as it requires cleaning only with water
afier completion, climinating the need for chemicals such as
acetone or IPA.

TABLE IL. Laser reflow process conditions

Condition Laser power Irradiation time
1 270W 2sec
2 250W 3sec
3 260W 3sec

C. LAB Process with Laser Non-Conductive Paste

In this study, a LAB process was conducted at room
temperature using laser NCP. Laser NCP is a material
specifically developed for lascr-assisted bonding, incorporating
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need for additional cleaning processes. A schematic diagram of
the LAB process flow using laser NCP is depicted in Fig. 4.
Initially, laser NCP is dispensed onto the bottom substrate. The
top chip, attached to the laser quartz head vacuum hole, is
aligned with the substrate on the room-temperature stage.
Subsequently, the quartz head is lowered to apply pressure while
irradiating with a homogenized laser at a wavelength of 980 nm.
Upon completion of laser irradiation, the process is finalized
with a 120 °C, two-hour oven cure. To optimize the process
conditions, the process peak temperature was kept constant, and
the laser power and irradiation time were varied as parameters
for systematic investigation. A photograph of the thermocouple
created for measuring the temperature profile to achieve
optimized conditions is presented i
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Fig. 4 Schematic diagram of Laser-Assisted Bonding process flow.
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