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Abstract Recent remarkable progress in the semiconductor industry has promoted smaller size of semi-
conductor chips and increased amounts of heat generation. So, the demand for a substrate material to meet both
the characteristics of thermal expansion coefficient and heat radiation has been on the increase. Under such
conditions, tungsten(W)-copper(Cu) has been proposed as materials to meet both of the above characteristics. In
the present study, the W-10wt.%Cu powders were synthesised by the mixing and hydrogen reduction of the starting
mixture materials such as W-Cu, W-CuCl, and WO3-CuCl, in order to obtain the full densification. The W-10wt.%Cu
produced by hydrogen reduction showed the higher interparticle friction than the simple mixed W-10wt.%Cu
because of the W agglomerates. In the dilatometric analysis the W-10wt.%Cu prepared from the W-CuCl, was
largely shrank by heating up 1400°C at the constant heating rate of 5°C/min. The possibility of application of
metal injection molding (MIM) was also investigated for mass production of the complex shaped W-Cu parts in
semiconductor devices. The relationship between the temperature of molding die and the pressure of injection
molding was analyzed and the heating up stage of 120-290°C in the debinding process was controlled for the most
suitable MIM condition.
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Table 1. Physical Characteristics of W, WO;, Cu and CuCl,- 2H,0.

Purity Densit Mean ParticleSize Angle of
Vendor Powder Shape (%) ( g/cm3}), (Lm) Repose(deg.)
A Korea-Tungsten Co.  Polygonal 99.9 19.26 0.57 45
WO, Korea-Tungsten Co.  Polygonal 99.9 19.26 17.10 47
Cu CeracCo. Spherical 99.0 8.92 3 33
Yakuri Pure
CuCl, * 2H,0 Chemicals >97 - 3
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Fig. 1. XRD patterns of the reduced CuCl, at the various
temperature in the hydrogen atmosphere.
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Fig. 2. Humidity curve for the hydrogen reduction process
of WO3.
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Fig. 3. SEM morphologies of (a)W-CuCly, and (b)WO;3-
CuCl, powders prepared by the slurry mixing and the
ball milling and slurry mixing respectively.
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Fig. 4. SEM morphologies of W-10Cu powders prepared by the mixing and reduction of the starting materials ; (a), (b) W-

Cu, (c), (d) W-CuCly, and (e), (f) WO;-CuCl,.
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Table 2. Characteristics of W-10Cu Powders Prepared by the Mixing and Reduction of the Starting Materials.

Mean Particle Size

Particle Size Distribution

Apparent Density  Angle of Repose

Starting Materials Dy (Um) B Dy 5. g Jem) (deg.)
W-Cu 1.73 1.15 2.53 0.79 1.62 45
W-CuCl, 2.64 1.79 3.86 0.77 1.46 49
WO;-CuCly 2.54 1.88 341 0.59 1.23 50
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Fig. 5. Linear shrinkage and shrinkage rate curves of W-
10Cu powder compacts as a function of temperature.
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Fig. 6. Green densities of powder-binder mixtures as a
function of powder volume fraction.
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Table 3. The shape stabilization of brown parts as a
function of the heating rate in the range of 120-290°C.
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