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Abstract: Based on the research of modern electronic packaging materials, thixo-forming technology was used to fabricate
electronic packaging shell. The process of thixo-extrusion with SiC,/A356 composites was simulated by the finite element software
DEFORM-3D, then the flow velocity field, equivalent strain field and temperature field were analyzed. The electronic packaging
shell was manufactured by extrusion according to the results from numerical simulation. The results show that thixo-forming
technology can be used in producing electronic package shell with SiC,/A356 composites, and high volume fraction of SiC, with
homogeneous distribution can be achieved, being in agreement with the requirements of electronic packaging materials.

Key words: thixo-forming; SiC,/A356 composites; electronic packaging shell; numerical simulation

1 Introduction

With the development of aerospace and large scale
integration circuit, the application of electronic
packaging materials has grown rapidly in recent years.
Electronic packaging materials with high thermal
conductivity and low thermal expansion coefficient have
come into general application in the fields of electronic
semiconductors[1—2]. Considering the factors of high
thermal conductivity, low thermal expansion coefficient
and lightweight, aluminum-matrix composites reinforced
by SiC particles are the best ones to be used as a new
type of electronic packaging materials[3—5].

On the other hand, with the rapid development of
various electronic systems toward lightweight, high
reliability and long life, aluminum-matrix composites
reinforced by SiC particles has been applied more and
more extensively, in which thermal expansion coefficient
is precisely controlled in a certain range, and the thermal
conductivity is perfectly commensurate with various
connecting materials[6]. However, recently, there are
some difficulties in preparation of electronic packaging
composites with high volume fraction of SiC, in

aluminum alloy. First, SiC/Al composites are very
difficult to machine; the forming method needs to be
developed. Second, the further development tendency of
preparation technology of electronic packaging is more
net-shaping, simple and convenient. Therefore, the
present forming method of powder injection in the
preparation of electronic packaging composites with high
volume fraction of SiC should be further developed, or
should be replaced by other technologies[7—11].
Compared with the conventional forming processes,
the semi-solid metal forming has many technical
advantages: higher viscosity than full liquid, leading to
laminar flow, which has opened up a new way for
producing composites; low solidification
shrinkage, leading to a more precise dimension product;
net-shape forming, filling much more complicated
shapes with thinner section; lower casting temperature
and less latent heat, resulting in less thermal shock to the
die[12—15]. Liquid and solid segregation has long been
considered as negative characteristic in semi-solid
forming. However, in our study, a new forming method
called thixo- extrusion is put forward in producing
electronic packaging shell of A356 aluminum alloy
reinforced by SiC,[11]. The basic theory is the separation
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of solid phase and liquid phase during thixoforming, of
which small SiC particles flow with the liquid phase
ahead of solid phase, so that the electronic packaging
shell with high content of SiC particles would be produced
satisfying the requirements of electronic packaging.

In this work, simulation was performed on the
thixoforming of semi-solid billet by using finite element
software DEFORM-3D, and then experiments were
conducted to verify the simulation results.

2 Numerical simulation

2.1 Boundary conditions and modelling

The fundamental assumptions[16] are as follows:

1) Semi-solid metal billet is a single-phase medium;

2) The semi-solid metal billet is assumed to be
continuous and incompressible fluid;

3) The forming die is a rigid body and there is no
elastic deformation;

4) Semi-solid slurry satisfies Carreau viscosity
model:

n-1
=1, +(m +77w)[1+(ﬂD)2J 2 (1)

where 7., is the viscosity when the shear rate is infinity,
Pa's; 7, is the viscosity when the shear rate is 0, Pa-s;
A is time constant; # is the Power-law index.
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where V; is the temperature gradient in shear direction;
5) The friction relationship between the die and
billet satisfies shear friction model:

JEmik 2)

where f'is the friction load, N; m; is the friction factor; &
is the shear yield stress of the material, MPa.

Fig.1 shows the typical three-dimensional graph of
electronic packaging shell, in which the thickness of the
bottom and wall is 1 mm. The billet was prepared by
semi-solid SiC,/A356 composites. The environmental
temperature for simulation was 20 °C; the die preheating

Unit: mm

Fig.1 Three-dimensional graph of electronic packaging shell
(Wall thickness: 1 mm)

temperature was 300 °C; the stroke of upper die was
9 mm; the extrusion speed was 100 mm/s; the thixo-
forming temperature was 580 °C.

Fig.2 shows the mesh generation results of billet
and die. The die movement law was as follows: first,
upper die moved downward until it contacted with the
lower die; second, lower extrusion rod moved upward to
extrude the billet until the cavity was fully filled; at last,
the forming parts were ejected by lower extrusion rod.

Fig.2 Mesh generation of billet and dies

During thixoforming of SiC,/A356 composites, the
material properties and comparability of simulation with
real conditions were determined by mechanical model.
The flow stress of the semi-solid slurry was got by using
the isothermal compression data of SiCy/A356
composites. The true stress—strain curves at semi-solid
temperatures are shown in Fig.3. It can be observed that,
as the forming temperature increases, the true stress of
billets gradually decreases, so the forming temperature
has a significant impact on the flow of semi-solid slurry.
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Fig.3 True stress—strain curves of SiC,/A356 composites at
semi-solid temperatures (§=0.1s")
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Therefore, under the conditions of clamping, high
semi-solid forming temperature in the extrusion should
be selected. At lower temperature, few liquid phases
exist, SiC particles are not easy to flow with the liquid,
and high forming stress is required. When the forming
temperature rises, the liquid phase fraction increases,
sliding between solid phase and liquid phase is relatively
easy, and SiC particles flow easily with the liquid, so the
forming stress becomes small. Therefore, the higher the
forming temperature, the more easily the SiC particles
flow with the liquid phase, so high volume fraction of
SiC particles could be achieved in the produced
electronic packaging shell.

2.2 Simulation results
2.2.1 Analysis of flow velocity field

Fig.4 shows the flow velocity field distribution
during slurry filling process. One can observe that as the
upper die finished its stroke, the semi-solid slurry has not
flowed into the die cavity, as shown in Fig.4(a). As the
lower extrusion rod moved up, one fan-shaped intense
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Fig.4 Flow velocity field distribution during slurry filling
process: (a) At end of upper die stroke; (b) 15% stroke of lower
extrusion rod; (c) 50% stroke of lower extrusion rod

deformation zone (Zone I) and two non-flow “dead
zones” (Zonell) formed (Fig.4(b)), wherein the “dead
zone” can prevent the oxide skin of billet flowing into
the cavity, which is beneficial. When the slurry contacted
with the side-wall of the package forming cavity, it could
side cavities, then a small
conical-shaped “new dead zone” (Zone III) formed.
Fig.4(c) indicated that the flow velocity on the upper
area of the billet was faster than that at sides, thus more
liquid phase would flow to the side-walls. Due to the
segregation of solid phase and liquid phase in
thixo-forming, SiC particles would flow with liquid
phase, being in front of the solid phase, therefore, the
bottom and four side-walls of the electronic packaging
shell would contain higher percentage of SiC particles.
2.2.2 Analysis of equivalent strain field

Fig.5 shows the equivalent strain field during

only flow to two
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Fig.5 Equivalent strain field distribution during thixo-extrusion
process: (a) At end of upper die stroke; (b) 55% stroke of lower
extrusion rod; (c) At end of lower extrusion rod stroke
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thixo-extrusion process. At the end of the upper die
stroke as shown in Fig.5(a), upper and lower part of the
billet almost did not deform. Figs.5(b) and (c) show that
the equivalent strain was large in the thin-wall shell, and
the maximum equivalent strain reached about 3.75,
therefore, it would be easier to form thin-wall shell.
Since SiC particles were apt to flow with the liquid phase,
the forming parts would contain more SiC particles.
Fig.5(c) shows that the maximum equivalent strain
existed in the four side-walls, therefore, more serious
separation of the material occurred there. The filling
speed of the slurry around the package bottom is higher
than that at the side walls during thixo-extrusion process.
The reason is that the area at the package bottom is larger
than that at side walls, so the flow resistance is small.
2.2.3 Analysis of temperature field

Fig.6 shows the temperature field distributions of
the billet under different extrusion rod strokes. It could
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Fig.6 Temperature distributions of billet with different
extrusion rod strokes: (a) At end of upper die stroke; (b) 15%
stroke of lower extrusion rod; (c) 50% stroke of lower

extrusion rod

be observed that the temperature of the billet decreased
gradually from the center to the outside at various stages
of deformation. The reason is that thermal conduction
and strong thermal radiation exist during thixo-extrusion
process, leading to much heat loss. Due to friction
between the surface of billet and dies, the flow front of
the billet has a certain drum shape in the horizontal
direction, as shown in Fig.6(a). It could also be found
that as the lower extrusion rod moved up, the billet was
always in the semi-solid temperature range (Figs.6(b)
and (c)), and this kind of situation made SiC particles
flow into the forming part with the liquid phase more
easily.

3 Experimental

The SiC,/A356 composites containing 22% (volume
fraction) SiC were made by casting, in which the size of
SiC particles was 10-50 pum. They were cut into
specimens with size of d30 mmx45 mm.

Fig.7 shows the schematic drawing of thixo-
extrusion for electronic packaging shell. The forming
billet was heated to 580 °C in a pipe heating furnace
before being transferred to the die. In order to avoid
scratching and sticking, the die was sprayed with
graphite grease as lubricant on the inner surfaces when it
was preheated to 250—300 °C. At the same time, the die
and billet should reach the temperatures as required, so
as to save time and ensure the smooth running of the
thixoforming process.

The experimental results showed that the forming
part had high quality and good appearance, the
distribution of SiC particles in the part was uniform, its
average SiC volume percentage reached to about 42%
and the average size of the particles was less than 30 um.

Fig.7 Schematic drawing of thixo-extrusion for electronic
packaging shell: 1 Upper plate; 2 Backing plate; 3 Spring;
4 Screw; 5 Upper extrusion rod; 6 Guide sleeve; 7 Upper die;
8 Guide pole; 9 Billet; 10 Lower die; 11 Lower plate; 12 Lower

extrusion rod



WANG Kai-kun, et al/Trans. Nonferrous Met. Soc. China 20(2010) 1707-1711

And it was also found that the large SiC particles did not
flow into the forming parts with the liquid-phase.

4 Conclusions

1) Based on the analysis of modern electronic
packaging industry and the metal flow characteristics in
semi-solid forming, a new forming technology of
thixo-forming was used in manufacturing electronic
packaging shell with SiC,/A356 composite.

2) The distributions of flow velocity field,
equivalent strain field and temperature field were
simulated during thixo-forming of electronic packaging
shell. Due to the segregation of solid phase and liquid
phase in thixoforming, SiC particles would flow with
liquid phase, being ahead of the solid phase, therefore,
the bottom and four side-walls of the electronic
packaging shell would contain high content of SiC
particles.

3) The electronic package shells made by
thixo-extrusion had good appearance. The SiC, content
reached to about 42% (volume fraction), and the average
size of particles was less than 30 um. All of these are in
full agreement with the requirements of the electronic
packaging materials.
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