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Development of high heat dissipation and low thermal expansion
printed circuit boards using Cu-Mo composites

Yohei ITO, Kenjiro TAKANISHI, Tatsuya SAKAMOTO, Keisuke FUIIWARA, Hitoshi ARAI

Mitsubishi Electric Corporation
8-1-1 Tsukaguchi-honmachi, Amagasaki-shi, Hyogo, 661-8661, JAPAN

In recent years, there has been a strong demand for electronic devices to be smaller, lighter, and more powerful.
As a result, mounted components have become smaller, more powerful, and denser, and the heat generation density
on printed circuit boards (PCBs) has increased. Since a rise in component temperature can lead to failure, efficient
heat removal has become an urgent issue. Since general PCBs have low thermal conductivity, when high heat
dissipation is required, methods to increase the thermal conductivity of PCBs have been employed by increasing the
copper (Cu) content in the PCB or by placing an aluminum (Al) alloy in the inner layer. However, while Cu and Al
have high thermal conductivity, they also have high coefficients of thermal expansion (CTE) and Young’s modulus,
and the CTE of a PCB with increased thermal conductivity using these materials is high. If the thermal expansion
difference between the PCB and mounted components is large, it can compromise the reliability against heat cycles.
Thus, it is difficult to achieve both heat dissipation and low thermal expansion in current PCBs. Therefore, we have
focused on copper-molybdenum (Cu-Mo) composite materials with high thermal conductivity, high elastic modulus,
and low thermal expansion, and are developing PCBs using these materials. We have fabricated multilayer PCBs

with an inner layer of Cu-Mo composite. We report on the thermal characterization of prototype PCBs.
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Table 1 Properties of materials used in conventional printed circuit boards.

bt YRR (WmK) | BMEZIRE(109K) | v 2%(GPa)
FEHR AR} 0.4 12-16 20
BN AR FEARA L 0.4 4-6 30
Cu 390 17 120
Al 240 24 80
Invar 13 1.2 145
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Fig. 1 Structural schematic of copper-molybdenum

composite.
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Fig. 2 Layered structure of prototype PCB.
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Table 2 Physical Properties of Copper-Molybdenum Composites and Related Materials.

R BMRER(W/mK) | BVEIRE(109K) Y v " #(GPa)
Cu 398 17.1 120
Mo 142 5.2 320
CuMo FEETHIY 220 8.8 210
Chi 74388, Mo 60 vol%) '
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Fig. 3 Schematic of thermal conduction measurement.
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Table 3 Thermal conductivities of prototype PCBs.

BB R

(W/mK)

BiT-oBdine ) 77 v B 40.4
fEERHE ) 77 v FER 34.6
A 56.9
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Table 4 Coefficients of thermal expansion of prototype

PCBs.
(X 10%/K)
R EAE Y 77 v iR 11.4
FEERHE ) 77 v FER 11.4
A 16.4
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