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Abstract: The characteristics of palladium layer on the surface of copper wire are important factors affecting
the quality of free air ball (FAB) and bonding during chip packaging. In this paper, palladium-coated
copper wires with different coating speeds and coating temperatures are prepared by halogen-free direct
coating process. The effects of coating speed on the morphology of the coating and the characteristics of
FAB are studied. The results show that with the increase of coating speed, the coating time decreases, and
the uniformity of the distribution of palladium particles on the surface of the copper wire becomes worse.
The agglomeration of palladium particles with uneven local distribution causes the concentration of
palladium particles to be too high, and the agglomeration area of palladium particles on the surface of the
coating increases. Under the plating speed of 50 m/min, the distribution of palladium on the surface of the
coating is more uniform. With the increase of coating speed, the diameter of FAB decreases gradually. The
difference of palladium content between the agglomeration area and the non-agglomeration area of Pd
particles on the surface of Pd-coated copper wire increases, and the consistency of FAB sphere size
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gradually decreases. At a lower coating speed of 50 m/min, the distribution of palladium content on the
surface of FAB is relatively uniform. At a higher coating speed of 100 m/min, a large number of
agglomerated palladium particles on the surface of the coating are remelted to form a large area of
continuous palladium-rich area on the surface of the FAB, and the uniformity of palladium redistribution is
poor. Considering the uniformity of FAB size and surface palladium redistribution, the coating speed of
50 m/min and the coating temperature of 400 °‘C are the better process parameters for the coating of

palladium-coated copper wire.
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Fig.2 Coating morphology of palladium-coated copper wire at different coating temperatures and coating speeds
(a)350 °C,50 m/min; (b)350 “C, 75 m/min; (¢)350 °C, 100 m/min; (d)400 °C, 50 m/min; (e)400 °C,75 m/min; (£)400 “C, 100 m/min
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Fig.3 Coating morphology and EDS surface scanning of palladium-coated copper wire under coating temperature of 350 °C at different coating speeds
(a),(b)50 m/min; (¢), (d)75 m/min; (e), (1) 100 m/min
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Table 1 Mechanical properties of palladium-coated copper wire at different parameters

Diameter die/mm Coating temperature/°C ~ Coating speed/(m-min~')  Coating time/s  Breaking force/cN Elongstaion/ %
Copper wire before 12.94+0.25 0.7940.02
palladium coating
0.025 350 50 0.96 6.8540.09 11.32+0.85
75 0.64 6.86+0.08 10.84+0.24
100 0.48 7.03£0.01 10.52+0.48
400 50 0.96 7.1240.12 11.70+0.53
75 0.64 7.2240.29 11.11+1.00
100 0.48 7.2440.05 10.01+1.31
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Fig.4 TEM morphology of palladium-coated copper wire at coating temperature of 400 “C and coating speed of 75 m/min

(a), (b)morphologies of palladium-copper interface ; (¢ ) HRTEM image in the dotted box area of Fig.(b) ;

(d)-(Dhigh-resolution images and Fourier-transform images of d, e, { regions in Fig.(c)
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Fig.6 FAB morphology and point scanning of palladium-coated copper wire at different coating temperatures and coating speeds
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Fig.7 Schematic illustration of effect of different coating characteristics on FAB morphology of palladium-coated copper wire
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