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Fig.1 Appearance (a) and thermal conductivity variation curve (b) of diamond/Cu composite base plate
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Table 1 Thermal and mechanical properties of materials

Thermal . Specific heat

. o Density/ )

Material conductivity/ N R capacity/

‘m

W-(m-K)"' ¢ J-(kg'K)"!
Cu 400 8950 385
Silicone grease 5 2000 1500
Alumina 30 3920 880
Water 0.6 1000 4182
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Table 2 Properties of green body and base plate after sintering

Thermal conductivity/ Thermal conductivity

Sample Temperature/°C Relative density/% Shear strength/MPa
W-(m-K)" (base plate)/W-(m-K)™
Cu 1000 76.4 12.28 166.8 635.1
0.95Cu0.05A¢g 1000 84.6 23.81 235.1 635.1
0.9Cu0.1Ag 1000 92.9 64.73 342.5 635.1
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Fig.8 Morphologies and EDS mappings of W-coated composite plate (a) and green body fracture surfaces (b—c): (b) side fracture of base plate;

(c) side fracture of green body
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Fig.9 Temperature distribution contours of the heating elements in indirect water cooling scenario: (a) Cu-simulation; (b) D/Cu-simulation;

(c) Cu-experiment; (d) D/Cu-experiment
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Fig.16 System thermal resistance (a) and thermal resistance gain (b) in direct water cooling scenario
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Preparation and Water Cooling Verification of Pin-Fin Diamond/Copper Plates
for Electronic Packaging
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Abstract: Thermal management in electronic packaging is one of the important technical bottlenecks hindering the development of integrated
circuits. Diamond/copper composites have excellent performance in the field of thermal management, but the difficulty in their complex structure
formation leads to applications restricted in the field of water cooling in electronic packaging. In this research, the sintering performance between
the green body and the composite plate was enhanced by employing a silver doping strategy, thereby addressing the thermal management
challenges in electronic packaging. Composite base plates and pin-fin type composite base plates were prepared, and their application benefits
were evaluated in both indirect and direct water cooling scenarios. Results demonstrate that the silver-doped copper billet achieves good sintering
performance when combined with tungsten-coated diamond/copper composite plates. The composite base plate and the pin-fin type composite
base plate effectively reduce the temperature of the heating sheet by 5—6 °C and 4-5 °C during water-cooling tests respectively. The numerical
simulation results are in good agreement with the experimental data, confirming the excellent thermal uniformity of the composite structures. This
research successfully overcomes the limitations associated with the low thermal conductivity of traditional packaging components and the
challenges in fabricating complex structures using diamond/copper composite materials.
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