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Abstract: For the electronic packaging applications, copper matrix composites reinforced with different sized SiC
particles (10 Hm, 20 Hm and 63 Pm) were fabricated by squeeze casting technology. And the effect of particle size on
their thermo-physical properties was discussed. The composites are free of porosity and the SiC particles are distrib-
uted uniformly in the composites. It is found that the mean linear thermal expansion coefficients(20 ~ 100 C) of
2) x 107 %/ C, and smaller expansion coefficient can be obtained for

Their ther-

mal conductivities are reduced with the decrease of SiC sizes. This is attributed to the fact that the negative effect of

SiC,/ Cu composites are in the range of (8.4 ~9.
the composites with finer SiC particles because of the larger restriction in expansion through interfaces.

interfacial thermal resistance becomes increasingly dominant as the particles becomes smaller.
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1 INTRODUCTION

SiC particle reinforced aluminum matrix com-
posites have received much recognition in electronic
packaging and thermal management (such as power
module base plates, printed wiring board cores,
microprocessor lids, and electric enclosures), be
cause of their flexible fabrication techniques, des-
ignable thermo-physical properties and excellent
specific strength and rigidity!"™ . Compared with
aluminum, copper has higher electronic and ther-
mal conductivities, lower thermal expansion coeffi-

cients ( CTE) These

characteristics make copper more attractive in elec

and higher melting point.

tronic packaging applications.

The previous work showed that copper matrix
composites reinforced with bare or coated SiC
particulates exhibited a higher thermal conductivity
and a lower CTE because of the high thermal
conductivity of copper and the low CTE of silicon

6]

carbide!™ However, most SiC,/Cu composites

are produced by powder metallurgy!”® . Limita-
tions of this technique include relatively higher
cost, complicated process, longer production cy-
cles and lower density. Contrarily, squeeze casting
method is believed to be an effective technique be-
cause of such advantages as higher production
rates, elimination of expensive equipments, feasi
bility of mass production and nearnet shape prod-
ucts.

In the present work, copper matrix compos-
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ites reinforced with different sized SiC particles ( 10
Hm, 20 Bm and 63 Hm) are produced by squeeze
casting technology, and the effects of particle size
on their thermo-physical properties are investiga

ted.
2 EXPERIMENTAL

2.1 Materials preparation

T he reinforcements used in this work were an-
gular-shaped silicon carbide particles ( SiC,) with
nominal diameters of 10, 20 and 63 Hm, and the
volume fraction of the reinforcements was 55%.
The SiC particles are available in hexagonal crystal
structures from inexpensive raw material sources.
The copper matrix was commercially available pure
copper( 299. 7%) . This
for the purpose of high thermal conductivity and

pure copper was chosen

low cost. Table 1 lists the typical properties of SiC
particles and Cu'”’. The SiC,/ Cu composites were
fabricated by squeeze casting technology. Then the
composites were annealed in vacuum at 700 C for
1. 5h and furnace cooled in order to release residual

stress within the composites.

2.2 Testing

An OLYMPUS PMG3 optical microscope was
used to examine the microstructure of as-fabricated
SiC,/ Cu composites. The CTE was measured on a
DIL 402C (NETZSCH Corp) with a heating rate of

5 C/min. And a helium atmosphere with a flowing
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rate of 50 mL/ min was used to keep the chamber
Based on the measured
curves of relative length changes versus tempera
ture, the CTE was calculated between 20 C and
100 C. To

dilatometer was calibrated by measuring an alumi

temperature consistent.

diminish systematic errors, the
na sample under identical condition. The thermal
conductivity measurement was performed on TCT

416 (NETZSCH Corp) at 50 C.
3 RESULTS AND DISCUSSION

3.1 Microstructure analysis

Fig. 1 shows the optical micrographs of the
polished SiC,/Cu composites produced by the
squeeze casting technology. It is found that three
SiC,/ Cu composites with different particle sizes are
all dense and macroscopically homogeneous, and
particle clusters are seldomly observed. A dense
microstructure is beneficial to electronic packaging
applications because of the improvement in
strength and thermal conductivity.

3.2 Thermal expansion analysis

Fig. 2 shows variation of relative length
change with temperature for SiC,/ Cu composites.
The measured linear expansion coefficient of SiC,/
Cu composites are 8.4 x 10" %/ °C, 8.7 x 10" %/ C
and 9.2 x 107 °/ C for the composites with 10 Hm,
20 Bm and 63 Hm in size, respectively. It can be
observed that the CTE values of the composites de-

Table 1 T ypical properties of SiC, and Cu

crease with decreasing particle size of SiC. In a
SiC,/ Cu composite, the thermal expansion behav-
ior is influenced by the thermal expansion of cop-
per matrix and the tightened restriction of SiC par
ticles.

There are many theoretical models to predict

[10712] FOI' a

CTE of particle reinforced composites
given composite, these models can predict quite
different CTE values. Among these models, the
rule of mixtures (ROM) is the simplest one. Ac

cording to ROM , the following equation is ob-

tained:
= Oa*Vut ¢V, (1)
where ais the CTE value, V is the volume frac

tion, and the subscripts ¢, m, p denote the com-
posite, matrix and particle, respectively.

Fig.3 shows the comparison between ROM
predictions and experimental data. As can be seen
in Fig.3, the CTEs of SiC,/Cu composites are
smaller than the ROM values because of the influ-
ence of ceramic particle size on the thermal expan-
sion of a composite.

The results by XU et al'” indicated the CTE
values of TiC/ Al composites reduced with decrea
sing particle size. It was attributed to the lattice
distortion at the interfacial zone that would affect
the CTE values of the composites. The interfacial
zone will be constrained to expand or contract with
the particle, and thus, CTE of this zone will be
closer to that of the particle than that of the metal
matrix. The more constraint in the 10 Hm particle

[9]

Material Density/  Elastic modulus/ Shear modulus/ Bulk modulus/ Poission's o Thermal conductivity/
ateria (g*em™?) GPa GPa GPa ratio (100%« C 1 (Wem '+ C
SiC 3.18 450 192 225 0.17 4.7 120
Cu 8.96 110 48.3 107 0.33 17 392

Fig. 1 Microstructures of SiC,/ Cu composites with different particle sizes
(a) —10 Pm; (b) —20 Hm; (¢) —63 Hm
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Fig. 2 Variation of relative length change with
temperature for SiC,/ Cu composites
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Fig. 3 Comparison between ROM predictions and
experimental data for SiC,/ Cu composites

reinforced composite than in the 20 Bm and 63 Hm
particle reinforced composites, as revealed by
Fig. 3, may be attributed to the interfacial zone
where a lattice distortion layer exists because of
particle. It can be shown that the area of a spheri-
cal particle/ matrix interface per unit volume is giv-

en by the specific interfacial area (/.):

A
I = F] (2)
where V, is the particle volume fraction and d is

the particle diameter. Fig. 4 illustrates the effect of
particle size on the specific interfacial area for the
given 55% SiC,/ Cu composite.

Since the specific interfacial area is dependent
on the particle size, the effect of particle size on
the CTE of composite is related to the specific in-
terfacial area. For a given particle volume fraction,
the smaller particle size will result in the greater
specific interfacial area and higher restriction on
thermal expansion. And then smaller CTEs are ob-
tained for the composite with finer particles.

1/105m!
[N

10 um 20 ym 63 um

Particle size

Fig. 4 Change of specific interfacial area in
SiC,/ Cu composites as function of particle size

3.3 Thermal conductivity

The measured thermal conductivities of SiC,/
Cu composites are 55, 64 and 78 W/(m * C) for
the particle sizes of 10, 20 and 63 Hm, respective-
ly. They are reduced with the decrease of SiC si-
zes. In general, the thermal conductivity of a com-
posite varies with the thermal conduction proper
ties, type, content, and distribution of different
constituent components[ “

However, an interfacial resistance will be gen-
erated as a result of a poor mechanical or chemical
bond and a thermal expansion mismatch among
components. Wu et al'” and Hasselman et al''®
have derived an effective medium approximation
(EMA) to solve this problem. For spherical dis-
persions, the effective thermal conductivity of a
composite is given by

=1
2
|)y1+2m2‘]—}h+2&|—1 (3)
where Ais thermal conductivity, Reais interfacial

resistance, V is volume fraction, d is the diameter
of the reinforcement, and subscripts com, p and m
are composite, reinforcement particle and matrix,
respectively.

As indicated earlier, the composites with finer
SiC particles will have a larger specific interfacial
area. According to EMA theory, it is clear that the
thermal conductivity of the composite will decrease
with decreasing particulate size because of the
presence of interfacial resistance. Therefore de-
crease of thermal conductivity for the present SiC,/
Cu composites is attributed to the negative effect of
interfacial resistance, which can be dominant in-
creasingly as the particle size becomes smaller.

However, the previous work showed that the
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strength and ductility of discontinuouly reinforced
metal matrix composites decreased with larger re-

U718 So further work needs to be

inforcement size
done to well balance the thermal and mechanical
properties of the composites with appropriate par-

ticle size.
4 CONCLUSIONS

1) SiCp/ Cu composites with three particle si-
zes of 10 Bm, 20 Hm and 63 Hm are fabricated by
squeeze casting technology. The composites are
macroscopically dense and homogeneous.

2) The linear expansion coefficient of SiC,/ Cu
composites is in the range of (8. 4 = 9. 2) X
10" °/ C, and smaller expansion coefficient can be
obtained for the composites with finer SiC size be-
cause of the larger restriction in expansion through
interfaces.

3) As aresult of the negative effect of interfa-
cial thermal resistance, the thermal conductivity of
SiC,/ Cu composites decreases with the decrease of

SiC size.
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