Reflow Soldering Process — Technical White Paper

A Practical Engineering Guide for Process Optimization, Quality Control, and SMT
Manufacturing Decisions

This white paper is designed for EMS providers, OEM engineers, and purchasing managers who require a clear,
practical understanding of reflow soldering fundamentals and quality-critical parameters.
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1. Introduction to Reflow Soldering

Reflow soldering is the dominant joining technology in modern SMT production. Solder paste is first printed onto the
PCB, components are placed, and the assembly is heated in a controlled thermal profile to re-melt the solder and
form reliable electrical and mechanical joints.

2. Key Factors Influencing Reflow Quality

Category Key Elements

Equipment Reflow furnace, conveyor, heating zones, cooling zones
Process Profile Preheat, soak, reflow, cooling, conveyor speed
Materials Solder paste, flux, PCB finish, components, alloy
Environment Cleanliness, airflow, dust control

Operators Training, profile selection, process awareness

3. Reflow Temperature Profile Explained

A standard reflow profile consists of four phases: preheat, soak, reflow (time above liquidus), and cooling. Modern
convection ovens typically favor a linear or tent-shaped profile, minimizing soak time while controlling delta-T across
the PCB.

4. Common Reflow Defects and Root Causes

- Solder balling: Rapid solvent evaporation during preheat

- Tombstoning: Uneven wetting forces on chip components

- Bridging: Excess solder paste, contamination, or fast ramp-up
- Cold joints: Insufficient peak temperature

- Voiding: Entrapped solvents or flux gases

- Excessive intermetallics: Excessive time or temperature

5. Materials and Atmosphere Considerations

Solder paste chemistry, particle size, PCB surface finish, and component solderability all strongly influence reflow
outcomes. Nitrogen atmospheres can reduce oxidation and improve wetting, but must be balanced against cost and
potential side effects such as increased tombstoning.

6. Cooling Rate and Reliability

Cooling is critical to joint reliability. Fast cooling (3—4°C/sec) refines grain structure and limits intermetallic growth,
while overly slow cooling increases brittleness. Excessively fast cooling, however, may induce component cracking
due to thermal stress.

7. Conclusion

Optimized reflow soldering is the result of balanced equipment capability, thermal profiling, material selection, and
process control. A well-defined profile reduces defects, improves yield, and ensures long-term product reliability —
making reflow optimization a critical investment for SMT manufacturers.
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