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Abstract This study obtains W-Cu materials suitable for the electronic packaging by fabricating W-Cu composites
with different W contents (such as 60W-40Cu, 70W-30Cu, 75W-25Cu, and 80W-5Ni-15Cu) through selective laser
melting. The effect of W content on the microstructure, density, thermal conductivity, coefficient of thermal
expansion, roughness, and hardness is evaluated. The results show that the balling phenomenon is common in such
four composites. When the W mass fraction is less than 70%, the densification mechanism is rearrangement;
connection and contiguity are hardly observed between W phases; heat conduction is preferred in the Cu phases. In
addition, when the W mass fraction is higher than 75%, solid sintering is the main densification mechanism, and
the heat conduction path contains the constitutional unit of Cu occupying the unit edges and W occupying the unit
center. The deviation between the thermal conductivity/coefficient of thermal expansion of W-Cu composites and the
theoretical values increases with increasing W content, which also occurs in the cases of roughness and hardness.
The obtained densities of 60W-40Cu, 70W-30Cu, 75W-25Cu, and 80W-5Ni-15Cu are 97.9%, 94.5%, 91.6%, and
91.9%, respectively. The thermal conductivities of the four composites are 210. 4, 176. 8, 152. 7, and
121.3 WeK 'em ', respectively. Furthermore, the thermal expansion coefficients of the four composites are
11.05X10°°%, 9.33X10 %, 8.17X10 %, and 7.02X10 ° °C ', respectively. The surface roughnesses of the four
composites are 9.2, 13.7, 15.2, and 15.4 pm, and the microhardnesses are 183, 324, 567, and 729 HV,
respectively.
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Fig. 1 SEM morphology of 70W-30Cu composite powder
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Table 1

Optimal process parameters of selective laser melting for four composite powders

Scanning speed / Layer Hatch Overlap
Powder Power /W
(mmes ") thickness /pm space /mm rate /%
60W-40Cu 195 840 20 5 10
70W-30Cu 195 730 20 4 10
75W-25Cu 195 610 20 4 10
85W-5Ni-15Cu 195 500 20 2 10
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(10%,10 mL) F1 2 B T /K (20 mL) 4 i 1) IRE & % g 9B i
W AR B oo PO DY G B 0 R 7 R gl
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j— Ky ) . Ve N Ay a)
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(o) LA AE SR 2 5 0 Mk R SO0 88 5 2 5 o1l w7
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Fig. 2 Relative density of alloys with different W contents
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Fig. 3 EDX map-scanning results of different alloys. (a) 70W-30Cu; (b) 80W-5Ni-15Cu

. (a) 7T0W-30Cu;(b) 80W-5Ni-15Cu
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Fig. 4 SEM microstructures of different alloys. (a)(b) 60W-40Cu; (¢)(d) 70W-30Cu;
(e) (D) 75W-25Cu; (g)(h) 80W-5Ni-15Cu
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