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1. Introduction 
 

Increasing power requirements and decreasing size of 
high-performance microprocessors present heat dissipation 
challenges to microelectronic package designers. These 
factors require the management of significant amounts of 
power over a small physical area, leading to high power 
densities.  

The lack of solubility between W and Cu enables 
composites of these materials to be processed with useful 
combinations of properties for electrical contacts and 
thermal management materials [1-4]. Composites with 
10-20 wt.% (19.3-35.1 vol.%) Cu are most commonly used 
for thermal management due to a good thermal expansion 
match with silicon. In this study, the W-Cu alloy made from 
a new nano tungsten coated copper powder was evaluated in 
terms of density, TC, and CTE for thermal management 
applications. 

 
 

2. Experimental and Results 
 

Tungsten trioxide (WO3) and cupric oxide (CuO) powders 
were mixed in a ball mill. Compositions used in this study 
were 85W-15Cu, 80W-20Cu, 65W-35Cu, and 20W-80Cu in 
weight percent. The mixed oxide powder was reduced in a 
hydrogen atmosphere to form W-Cu composite powder [5]. 
The scanning electron micrograph (SEM) of the composite 
powder shows that tungsten has been coated onto the copper 
powder, as shown in Fig. 1. 
 

 
Fig. 1. SEM for 65W-35Cu composite powder. 
 
 

W-Cu composite powder was pressed into a cylindrical 
shape of 12.7 mm in diameter and 8 mm in height with a 
compaction pressure of 150 MPa. The compacts were 
sintered in a hydrogen atmosphere at 1110-1350°C, depen-
ding on their composition and the results of dilatometry tests. 
Average densities, measured by Archimedes' technique, of 
the sintered compacts were 13.60-16.16 g/cm3, very close to 
theoretical values. The sintered microstructures of W-Cu 
composite powder were homogeneous without pores, as 
shown in Fig. 2. 

Table 1 shows measured density and microhardness for 
several compositions. From compression testing at room 
temperature, we found an ultimate strength of 820 MPa and 
a compressive strain of 33% for 65W-35Cu. 
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Abstract 
 

Thermal management technology is a critical element in all new chip generations, caused by a power multiplication 
combined with a size reduction. A heat sink, mounted on a base plate, requires the use of special materials possessing both 
high thermal conductivity (TC) and a coefficient of thermal expansion (CTE) that matches semiconductor materials as well 
as certain packaging ceramics. In this study, nano tungsten coated copper powder has been developed with a wide range of 
compositions, 90W-10Cu to 10W-90Cu. Powder technologies were used to make samples to evaluate density, TC, and CTE. 
Measured TC lies among theoretical values predicted by several existing models. 
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(a) 80W-20Cu 

 
(b) 65W-35Cu 

Fig. 2. SEM for sintered compacts. 
 

 
Table 1. Density and hardness. 

composition 
(wt.%) 

density 
(g/cm3) 

relative 
density (%) 

hardness
(HRB) 

20W-80Cu 9.88 99.0 51 
65W-35Cu 13.60 99.3 101 
80W-20Cu 15.35 98.0 103 
85W-15Cu 

(fine copper) 16.16 98.3 107 

 
   The room temperature thermal conductivity was 
determined. For disk-shaped samples, the thermal 
conductivity was calculated from the thermal diffusivity, 
which was measured according to ASTM E1461 using an 
Anter Flashline 5000 thermal diffusivity laser flash 
analysis system. Heat capacity was also measured by the 
same machine. The samples were machined to a thickness 
of 2 mm. From the thermal diffusivity α, the thermal 
conductivity λ was calculated according to the 
relationship 
 
 ραλ pC=  (1) 
 
where Cp is the specific heat and ρ is the density of the 
sample. Fig. 3 shows measured thermal conductivity values 
for several compositions with three existing models [6]. 

 
 

 
Fig. 3. SEM for 65W-35Cu composite powder. 

 
 

We also measured the coefficient of thermal expansion 
(CTE) by dilatometer, NETZSCH DIL 402 C. 65W-35Cu 
alloy has a CTE of 11.6·10-6 K-1 with linear behavior in the 
range of 36-200 oC and 85W-15Cu alloy has a CTE of 
8.3·10-6 K-1 with linear behavior in the range of 38-200 oC. 

We measured two electrical properties, electrical 
resistivity and electrical conductivity, by the ASTM 4-probe 
method with a cubic brick sample of 5 mm × 5 mm × 40 mm. 
65W-35Cu alloy has an electrical resistivity of 3.3 µΩ·cm 
and 85W-15Cu alloy has an electrical resistivity of 4.8 
µΩ·cm. As for electrical conductivity, 65W-35Cu alloy has 
52% IACS and 85W-15Cu alloy has 36% IACS. 

 
 

3. Summary 
 

   In this work, a novel process to fabricate W-Cu 
composite powder has been presented. The microstructures 
of sintered product from this powder were pore-free and 
homogeneous, which gave thermal properties near 
theoretical predictions. 
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