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Effect of curing process on structure of solder mask and its performance in high-temperature and
high-humidity environment
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Abstract: [Objective] The reliability of package substrates in harsh environments is critically determined by the high-
temperature and high-humidity (HTH) resistance of solder mask as their protective layer. However, the structural
characteristics of solder mask and its performance evolution mechanisms in HTH environments remain critical research
challenges due to its complex structure and manufacturing process. [Method| The structure of solder mask was regulated
by adjusting its curing parameters. The structural transformation and performance degradation of solder masks with
different structures in HTH environments were studied. /Result] The crosslinking density of solder mask was decreased
under HTH conditions due to significant hydrolysis, leading to substantial deterioration of its mechanical properties.
[Conclusion] The performance degradation of solder mask under HTH conditions can be effectively suppressed by
improving its crosslinking density through optimizing the curing parameters.

Keywords: package substrate; solder mask; curing; high-temperature and high-humidity resistance; crosslinking density;
mechanical property
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Figure 1 Schematic diagram showing the preparation process of solder mask film
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Table 1 Key parameters of preparation for different specimens

FE RS UV figie/ ml AR/ °C Ak BT ]/ min
L1 1500 170 70
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T3 2000 170 150
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Figure 2 FTIR spectra at 1 600-1 350 cm™! (2) and 950-850 cm™! (b) for solder masks UV-cured
with different energies, and corresponding photo and thermal reaction rates (c)
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Figure 3 T2 relaxation spectra of solder masks UV-cured with different UV energies

®2 ANFE UV REE TRE L BEIE 8 %40 5 A5tk FREVT 18] 52 B 32 Bk 28

Table 2 Relaxation time and crosslinking density of solder masks UV-cured with different UV energies
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Figure 4 FTIR spectra at 1 600-1 350 cm™! () and 950-850 cm™! (b) for solder masks thermally cured
at different temperatures, and corresponding photo and thermal reaction rates (c)
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Table 3 Relaxation time and crosslinking density of solder masks thermally cured at different temperatures
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Figure 6 FTIR spectra at 1 600-1 350 cm™! (a) and 950-850 cm™! (b) for solder masks thermally cured
for different time, and corresponding photo and thermal reaction rates (c)
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Table 4 Relaxation time and crosslinking density of solder masks UV-cured for different time
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Figure 8 Loss angle tangent (@), tensile strength (), and elongation at break (c) of solder masks
UV-cured with different UV energies
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