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Fig.1 Diamond/Cu composite base plate and thermal conductivity
variation

(a) Composite base plate; (b) Thermal conductivity variation
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Fig.2 Process flow chart of diamond/copper composite pin-fin

type water-cooled plate forming
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Fig.3 Physical picture of diamond/copper composite pin-fin type
water-cooled plate
(a)Main view; (b)Side view
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Fig.4 Structure of water cooling test platform

(a) Indirect water-cooled structure; (b) Direct water-cooled

structure
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Fig.5 Key structural dimensions of water block
(a) Pin-fin type water-cooling plate; (b) Water-cooling shell
(c) Uniform heating base plate; (d) Metal pressure plate
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Fug.6 Schematic diagram of the water cooling test platform
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Fig.7 Structure diagram and grid diagram of the indirect water-cooling

heat dissipation platform

(a) Structure diagram; (b) Grid diagram
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Table.1 Material parameters

Specific heat
Thermal Density
Material o capacity
conductivity(W/m-K) (kg/m?)
(J/kg'K)
Cu 400 8950 385
Silicone
5 2000 1500
grease
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
Thermal
Temper Shear conductiv
Compa conductivi
Sample ature strength ity (base
ctness ty
) (MPa) plate)
(W/mK)
(W/mK)
Cu 1000 0.764 12.28 166.8 635.1
0.95Cu0.0
1000 0.846 23.81 235.1 635.1
SAg
0.9Cu0.1
1000 0.929 64.73 342.5 635.1
Ag
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Fig.8 W-coated composite plate and green body fracture surface

(a) W-coated composite plate; (b) Side fracture of base plate;
(c) Side fracture of green body
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Fig.9 Temperature distribution contour of the heating element

(a)Cu-Simulation; (b)D/Cu-Simulation; (¢)Cu-Experiment;
(d)D/Cu-Experiment
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Fig.10 Maximum temperature rise and efficiency gains of the
heating element
(a) Maximum temperature rise; (b) Efficiency gains of the
heating element
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Fig.11 Temperature distribution of the base plate
(a)Cu plate; (b) D/Cu plate
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Fig.12 System thermal resistance and thermal resistance
reduction

(a) System thermal resistance; (b) Thermal resistance reduction
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Fig.13 Temperature distribution contour of the heating element

(a)Cu-Simulation; (b)D/Cu-Simulation; (¢c)Cu-Experiment;
(d)D/Cu-Experiment
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Fig.14 Maximum temperature rise and efficiency gains of the
heating element
(a) Maximum temperature rise; (b) Efficiency gains of the

heating element
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Fig.15 Temperature distribution of the cold plate
(a)Cu plate; (b)D/Cu plate
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Fig.16 System thermal resistance and thermal resistance
reduction

(a) System thermal resistance; (b) Thermal resistance reduction
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Preparation and Water Cooling Verification of Pin-fin Diamond/Copper Plates for
Electronic Packaging
Cao Wenxin'2, Han Kai'?, Ye Zhijie'?, Zhao Kunlong'?, Su Zhenhua'?, Yao Tai!, Wang Jiandong?, Zhao Jiwen*,
Zhu Jiaqi ', Han Jiecai !
(1.Harbin Institute of Technology, Harbin 150080, China)

(2.Zhengzhou Research Institute, Harbin Institute of Technology, Zhengzhou 450000, China)

(3.College of Materials Science and Chemical Engineering, Harbin Engineering University, Harbin 150001, China)

(4.Henan Core-diamond Material Technology Co., Ltd, Zhengzhou, 450000, China)

Abstract: The issue of 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 very limited applications in the field of water cooling in electronic packaging. In this study, we aimed to enhance the

sintering performance between the green body and the composite plate by employing a silver doping strategy, thereby addressing the thermal

management challenges in electronic packaging. We fabricated composite base plates and pin-fin type composite base plates and evaluated their
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application benefits in both indirect and direct water cooling scenarios. Our findings demonstrated that the silver-doped copper billet achieved 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 reduced the temperature of the heating sheet by 5-6°C and 4-5°C during water-cooling tests respectively. The
numerical simulation results were in good agreement with the experimental data, confirming the excellent thermal uniformity of the composite
structures. This study successfully overcame the limitations associated with the low thermal conductivity of traditional packaging components and
the challenges in fabricating complex structures using diamond/copper composite materials.

Key words: Electronic packaging; Diamond/copper composite material; Water cooling; Simulation
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