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Abstract
Au80Sn20 eutectic alloy solder is extensively used in high-endmicroelectronics and optoelectronics
packaging because of its good liquidity, high thermal conductivity, excellent resistance to fatigue,
corrosion and creep.However, the brittleness and hardness of the δ-AuSn phase and ζ’-Au5Sn phase
andmassive primary phasemake the processing andmolding of Au80Sn20 eutectic alloy very difficult
leading to inevitably limitations of its application. To improve the blanking ability of Au80Sn20
eutectic alloy, effects of stamping temperature, heat treatment on blanking of Au80Sn20 eutectic
alloywere studied in this paper. Results showed that Au80Sn20 eutectic alloy had poor blanking
performance at room temperature. However, the hot blanking process can reduce the hardness of the
alloywhich could improve the blanking performance significantly.With the extension of annealing
time, the high temperature hardness of the alloy decreased first and then increased, reflecting that,
suitable annealing process can reduce the residual stress in the alloy and reduce the adverse effects of
the annealing process in the anisotropy of the initial lamellar eutectic structure. At the same time,
ultrathinAu80Sn20 solder ringwith smooth edge, can bemade from an equiaxed eutectic structure in
which the grains are uniformly fine if annealed for 120min at 260 °C.

1. Introduction

The development of electronic technology industry puts forward higher requirements for electronic packaging
materials. Au80Sn20 solder plays an important role inminiaturization and lead-free application of electronic
products because of its properties in good liquidity, thermal conductivity, excellent resistance to fatigue,
corrosion and creep [1–3]. Furthermore, the Au80Sn20 solder has highwelding strength and can be applied to a
fluxless bonding process [4].

Au80Sn20 eutectic alloy is located inAu-Sn binary eutectic and its eutectic point is 280 °C.This eutectic
solder alloy consists of two phases at room temperature, i.e. ζ’-Au5Sn and δ-AuSn [5]. In addition, the ζ’-Au5Sn
phase has a hexagonalHCP structure, while the δ-AuSn phase has a hexagonal NiAs structure. Both structures
have only one slip system,whichmakes Au80Sn20 eutectic alloy very brittle [6, 7]. Chromik et al [8] used
nanoindentation tomeasure themechanical properties of Au-Sn intermetallic compounds, and the results
showed that the hardness of ζ’-Au5Sn phase and δ-AuSn phase was higher than that of other typical solders.
Au80Sn20 eutectic alloy has regular lamellar eutectic structure under the condition of theoretical equilibrium
solidification, but generally there are coarse dendritic, island and plum-like ζ’-Au5Sn primary phases in the
solidified structures which are not uniformly distributed. The brittle and hard two phases andmassive primary
phase lead to the difficulty of the processing andmolding of Au80Sn20 eutectic alloy. Therefore, it is of great
significance to refine themicrostructure of the cast state andmake the distribution of the primary phasemore
uniform to further improve the forming properties of this alloy [9, 10]. At the same time, the Au80Sn20 solder
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used in electronic packaging usually needs to be blanked into a specific shape, such as solder rings, tomatch the
packaged components. These require the alloy itself to have good blanking performance and a suitable blanking
process.

Liu YC et al [11] studied the effect of temperature on the hardness and the creep behavior of the Au80Sn20
solder alloy at temperatures ranging from25 °C to 200 °C.The results showed that the hardness of eutectic
Au80Sn20 solder decreased as temperature increased. The changes of hardness with temperature ranging from
25 °C to 150 °Ccould be considered as linear and the change of hardness tapered off as the temperature
increased to 200 °C.The softening and creep behaviors in the heating process are themain reasons for the
reduction in strength.

Therefore, in the process of formingAu80Sn20 solder rings by blanking, the blanking performance of
Au80Sn20 eutectic alloy can be significantly improved by using the alloy sheet withfine grain size and no coarse
primary phase and processing under heating condition so as to obtain good solder rings. Themicrostructure and
properties of Au80Sn20 eutectic alloy after heat treatment will be discussed in this paper.

2. Experimental procedure

Au80Sn20 eutectic alloy produced by our research groupwas used for this experiment. The alloy ismade of
99.999%pure gold and 99.99% tin, whichwere absorbed and casted in a vacuum arcmelting furnace and rapidly
solidified bywater bath. TheAu80Sn20 eutectic alloy obtained is a 0.5 mm thick casting piecewith smooth
surface and uniformmicrostructure. TheAu80Sn20 eutectic alloywas divided into four groups: A, B, C andD,
and the thickness of the eutectic alloywas polished to 0.3 mm.Then group B andDwere divided into three
groups respectively: 1, 2 and 3. These three groupswere then put into heating furnace respectively and
completed annealing for 60 min, 120 min and 180 min at 260 °C. Finally, all samples were blanked into
concentric rings with inner diameter of 1.95 mmandouter diameter of 2.70 mmby using a heatingmold
designed by our research group. Themain body of this heatingmold ismade of cast iron, and the punchmaterial
ismade of tungsten steel having high hardness andwear resistance. The resistance wire is wrapped around the
mold, and the temperature ismeasured by a thermocouple and connected to the thermostat. Among those
samples, groupA andBwere blanking at room temperature, while groupC andDwere blanking at 200 °C. The
specific grouping is shown in table 1. A scanning electronmicroscopewas used to observe themicrostructure
of solder before and after blanking and the attached energy dispersive spectrometer was used to analyze the
composition of the solder fracture, XRD is also used to analyze phase composition. The high temperature vickers
hardness test systemwas used to detect the vickers hardness of A, B1, B2, B3 at 100 °C, 150 °C, 200 °C, 250 °C,
and 1 kg pressure headwas used to hold 5 s in this test. In addition,MDI Jade 6was used to analyze the phase
composition, ImageJ was used to analyze the volume fraction of each phase, andOriginPro 8was used to draw
the hardness curves.

3. Results and discussion

3.1. Effect of blanking temperature onmicrostructure and blanking characteristics of Au80Sn20 eutectic
alloy
3.1.1. Effect of blanking at room temperature onmicrostructure and blanking characteristics of Au80Sn20 eutectic
alloy
The SEM image of the surface structure of Au80Sn20 eutectic alloywelding sheet prepared is shown in
figure 1(a). AnXRD test was performed to determine the phase composition of the alloy, and the result is shown
infigure 1(b). There are only δ-AuSn phase and ζ’-Au5Sn phase in the alloy. Figure 1(c) shows the EDS analysis

Table 1.Groups of the experiment.

Annealing

time (min)
Room temperature

blanking

High temperature

blanking

A √
B1 60 √
B2 120 √
B3 180 √
C √
D1 60 √
D2 120 √
D3 180 √

2

Mater. Res. Express 6 (2019) 066302 YYao et al



of spot 1 infigure 1(a), and the element composition of spot 2 and spot 3 is statistically shown in table 2.
Combinedwithfigure 1 and table 2, it can be seen that themain composition of Au80Sn20 eutectic alloy is
lamellar eutectic structures composed of alternating dark δ-AuSn phase and light ζ’-Au5Sn phase. Randomly
select an area of approximately 10 adjacent lamellae infigure 1(a), measure its total thickness and calculate the
average thickness. Then three such areas are selected in total, and the three thicknesses are again calculated as an
average value representing the lamellar spacing. As a result, the lamellar spacing infigure 1(a) is about 0.4 μm.
Also there are some grid-like eutectic structures, which are the intermediatemicrostructures between regular

Figure 1.Microstructure and phase composition of Au80Sn20 eutectic alloy (a)microstructure and the selected spots (b) result of
XRD test (c)EDS analysis of spot 1.

3

Mater. Res. Express 6 (2019) 066302 YYao et al



lamellar eutectic and irregular eutectic structures. In addition, there is a small amount of ζ’-Au5Sn primary
phase in island shape, which diameter is about 2 μm. Furthermore, the volume fraction of ζ’-Au5Sn phase is
55.8%while δ-AuSn phase is 44.2% fromfigure 1(a) of Au80Sn20 eutectic alloy.

At room temperature, the brittle δ-AuSn phase and ζ’-Au5Sn phase produced a serious stress concentration
under the action of external forces, resulting in fracture. In addition, because thewidth of rings is very small, the
molding products showedmany defects if blanking at room temperature, and the yield is very poor. The overall
shape of the solder ring is shown infigure 2(a). The outer ring and the inner have a consistent concentricity,
however, there aremany tears and burrs on the surface, and there aremany cracks with various size. As for
figure 2(b), severe tearing can be seen on the side view of theweld ring, and the surface is very rough.

The cracks on the surface of the solder ring after blanking is shown infigure 3. And infigure 3(a), the solder is
showed a regular eutecticmicrostructure. At this time, cracks expand along the lamellar layer, and the path is
relatively straight, or even cut through thewhole ring along the eutectic direction just as shown infigure 3(b). In
regular lamellar eutectic structure, the adjacent two phases have different orientations, which is theweakest
point of crack propagation. Therefore, cracks usually expand along the lamellar structure. However, in the
irregular lamellar eutectic structure shown infigure 3(c), cracks cut through both two phases, and there is no
obvious preferred orientation.Moreover, the crack path is relatively curved, and there are usually secondary
cracks on themain crack.

The reasons for crack generation and crack propagation are as follows:
Firstly, in the process of preparing thewelding sheet via water coolingmethod, themicro-cracks generated

by the thermal stress and themicro-pores left by the incomplete gas discharge during the rapid solidification,
and these become the source of crack propagation. Secondly, it is difficult formicro-crack tip to dull because of
the high brittleness and hardness of Au80Sn20 eutectic alloy, so the crack is easy to expand and eventually lead to
brittle fracture. Thirdly, the residual stress in the rapid solidification process could also initiate the crack.

It should be noted that therewere also cracks perpendicular to the lamellar direction in the regular lamellar
eutectic structure, but its number was very small comparedwith that along the lamellar direction.

Table 2.Phase composition of each
constituency.

Au% Sn% Phase

Spot 1 86.48 13.52 ζ’-Au5Sn

Spot 2 53.20 46.80 δ-AuSn

Spot 3 81.88 18.12 ζ’-Au5Sn

Figure 2. Solder ring of Au80Sn20 blanked at room temperature (a)whole view (b) side view.
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3.1.2. Effect of blanking at high temperature onmicrostructure and blanking characteristics of Au80Sn20 eutectic
alloy
The high temperature vickers hardness test systemwas used to detect the vickers hardness of Au80Sn20 eutectic
alloy casting piece A at 100 °C, 150 °C, 200 °C, 250 °C.Atfirst, heat the sample at a set temperature for 5 min,
then put the pressure head(1 kg) on the sample for 5 s tomake an indentation as shown infigure 4, andfinally the
hardness was characterized by indentation size. Relationship between hardness and temperature of Au80Sn20
eutectic alloy casting piece during 100 °C–250 °C is shown infigure 5. It can be seen that the hardness of alloy
decreases obviously when rising the temperature, and the largest drop in the hardness is between 150 °C–200 °C,
then the decline trend gets soother after 200 °C. Because the hardness of Au80Sn20 eutectic alloywill decreases
gradually with the increase of temperature, so blanking it at the temperature of 200 °Ccan significantly reduce
the hardness and improve the processing performance. In addition, it has shown that othermechanical
properties of Au80Sn20 eutectic alloy, such as saturated stress, tensile strength and elasticmodulus also
decreasedwith the increase of temperature,making it easier to process at high temperature [12].

Taking Au80Sn20 eutectic alloy to be heated to 200 °C, leading to softness structure, thenwe blanked the
solder alloy to fabricate the solder ring. Themicrostructure and surface cracks are shown in figure 6. At high
temperature, themovement and thermal vibration of atoms in the alloy are enhanced, and the diffusion process
is accelerated, resulting in a decreased deformation resistance, the alloy is softened, its hardness is greatly
reduced, and the blanking performance is significantly improved. Comparedwithfigures 2(a) and (b), the burrs
and tears of the hot blanking solder ring are significantly reduced, with only a small number of notches and side
tears infigures 6(a) and (b). The hot blanking solder ring is generally smooth, and the blanking yield is

Figure 3.Microstructure of Au80Sn20 solder ring (a) crack along the lamellar layer (b) crack cut through awhole ring (c) cracks cut
through both two phases.
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significantly increased. At the same time, there are fewer surface cracks in hot blanking solder ring. The reason is
that there is less deformation inside the solder ring, and the recovery process for work hardening is accelerated at
high temperature. In addition, the acceleration of diffusion enhances the intergranular slipmechanism. The
crack expansion on the solder ring is shown infigure 6(c). Crackswere found along the lamellar layer and
perpendicular to the lamellar layer, but theyweremainly along the lamellar layer. As it shown infigure 6(d), the
cracks extending along the lamellar area are not slit when they encounter the island ζ’-Au5Sn primary phase, but
bypassed the primary phase and expand behind it. This is because the hardness of the two phases is different, in
otherwords, the hardness of ζ’-Au5Sn phase is higher than that of δ-AuSn phase, and it ismore difficult for crack
cutting thorough ζ’-Au5Sn phase. Thismay cause the cracks to expand not only along the lamellar layer, but
also in the δ-AuSn phase.Moreover, this fact indicates that the ζ’-Au5Sn primary phase can prevent the crack
expansion.However, this does notmean that Au80Sn20 eutectic alloywith primary phase should be selected for
production.On the contrary, considering the negative effects of the primary phase in practice, such as uneven
soldermicrostructure, worsewelding diffusivity, and reduction of welding strength, it is necessary to eliminate
the existence of the primary phase and select the solder with uniformmicrostructure and composition. At the

Figure 4.Typical backscattered electron image of an indentation at 100 °C.

Figure 5.Relationship between hardness and temperature of Au80Sn20 eutectic alloy.
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same time, due to the short heating softening time during blanking, it has no effect on the lamellar structure of
the alloy, comparing figure 6withfigures 1(a) and 3.

Fracture surfacemorphology of Au80Sn20 solder ring is shown infigure 7. Similar to blanking at room
temperature, due to the anisotropy of lamellar eutectic, cracks are easy to expand along the lamellar layer,

Figure 6. SEMmicrostructure diagramof Au80Sn20 solder ring blanked at high temperature (a)whole view of a solder ring (b) partial
solder ringwith tears (c) crack along the lamellar layer (d) crack bypassed the primary phase.

Figure 7. Fracture surfacemorphology of Au80Sn20 solder ring (a) basicmorphology of the fracture (b) stepped fracturemorphology.
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resulting in fractures along the lamellar layer. Figure 7(a) shows the basicmorphology of the fracture, which is
smooth andflat on thewhole and belongs to obvious brittle fracture. In addition, long and irregular lamellar
layers can be observed, which is caused by the simultaneous occurrence of faults between different lamellar
layers and the fracture across lamellar structures when theymeet. Ifmore slices are crossed, the stepped fracture
morphology shown infigure 7(b)will be left.

Transgranular cleavage usually occurs at low temperature and stress concentration conditions in the body-
centered cubic structure and close-packed hexagonal structuremetals and its alloys [13]. Au80Sn20 eutectic

Figure 8. SEMmicrostructure and EDS analysis of a fracture (a) selected areas on the stepped fracture (b)EDS analysis of area 1.

Table 3.Phase composition of each
constituency.

Au% Sn% Phase

Area 1 59.42 40.58 δ-AuSn

Area 2 79.67 20.33 ζ’-Au5Sn

Area 3 72.63 27.37 ζ’-Au5Sn

Area 4 57.79 42.21 δ-AuSn

8
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alloy is composed of two phases with close-packed hexagonal structure, so it is easy to have transgranular
cleavage fracture at room temperature. At the same time, because δ-AuSn ismore brittle than ζ’-Au5Sn phase,
the fracture surface ismainly inside δ-AuSn phase. The EDS component analysismap of a fracture is shown in
figure 8. Four regions on the fault slice layer are selected for analysis, and their element composition is
statistically shown in table 3. Combinedwith figure 8 and table 3, it can be seen that the fractures along the
lamellar fracture are relatively smooth on the lamellar layer, and fractures perpendicular to the lamellar layer

Figure 9. Schematic diagramof the shear force to slice organization.

Figure 10. SEMmicrostructure diagramofAu80Sn20 annealing for different time (a) 60 min (b) 120 min (c) 180 min.
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Figure 11.The hardness at 200 °Cof Au80Sn20 annealing for different time.

Figure 12. Solder rings blanked at high temperature withAu80Sn20 annealing for different time (a) 60 min (b) 120 min (c) 180 min.
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present a stepped shape. The composition of the smooth lamellar fracture ismainly δ-AuSn phase, which
confirms the assumption that the fracture ismainly in themore brittle phase.

Due to the hardness of Au80Sn20 eutectic alloy is reduced bymeans of heating blanking, the blanking
performance and yield are improved.However, due to the anisotropy of lamellar structure, the effect of shear
force is different in blanking. As it shown infigure 9, for cutting a casting Au80Sn20 eutectic alloy, it requires less
shear force parallel to the lamellar structure (along the direction of a) than perpendicular to the lamellar
structure (along the direction of b), and the shear force is not evenly distributed. As a result, cracks extending
along the lamellar direction are likely to occur in the blanking process, which is not conducive to processing and
forming. At the same time, the δ-AuSn ismore brittle than the ζ’-Au5Sn phase, which intensifies the expansion
and fracture of the crack in the δ-AuSn phase.

3.2. Effect of annealing time onmicrostructure and blanking characteristics of Au80Sn20 eutectic alloy
The initial solidifiedmicrostructure has a decisive influence on themachining performance of solder. Different
initial solidifiedmicrostructure will show different deformation behaviors, and themorphology and
distribution of the primary phase, the spacing of lamellarmicrostructure and the distribution of lamellar
microstructure have different effects on themachining performance [14]. In general, the strength, plasticity and
fatigue resistance of spherical structure are generally better than lamellar structure [15]. Therefore, annealing
Au80Sn20 eutectic alloymicrostructure into isoaxial spheroidalmicrostructure can improve its processing
performance. At the same time, annealing can improve the uniformity of themicrostructure distribution, so as
to suppress the differences in processing properties between the primary phase and lamellarmicrostructure.

Figure 13. Surface crack scan of solder ring blanked at high temperaturewith Au80Sn20 annealing for different time (a) 60 min
(b) 120 min (c) 180 min.
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In addition, it can also suppress the slight difference of Au and Sn content in different parts during casting, which
will lead to the differences of welding performance among solder rings. The study have shown that annealing
Au-Sn alloy solder pieces in 200 °C–270 °C after a certain period of time could reduce its hardness, improve its
toughness [16]. S F Liu’s research [17] showed: annealing process could improve the plastic of Au80Sn20 eutectic
alloy, andwith the increase of annealing temperature, the toughness of alloy thin strip could be realized in a
short time. Butwith the annealing timewas further extended, δ-AuSn phase became larger, solder brittleness
increased and plasticity decreased. And the size of δ-AuSn phase in themicrostructure annealed at 240 °C for 4 h
or at 260 °C for 1 hwas similar with it annealed at 220 °C for 8 h. Z J Zhu [18] put the Au80Sn20 eutectic alloy
annealing for 1 h at 260 °C, as a result the hardness of the solder reduced from the original 180HV to 125.3HV.
Considering the actual production efficiency and economic benefit, annealing time should not be too long, so
that 260 °Cwas selected for the experiment of the heat treatment temperature.

The surfacemicrostructure of B1, B2 andB3 samples which are Au80Sn20 cast pieces respectively annealing
at 260 °C for 60 min, 120 min, 180 min is shown infigure 10. It can be observed that after annealing for 60 min,
the structure changes from the initial lamellar eutectic to the grid-like or honeycomb eutectic structure, and this
is a kind of transitional structure transforming from regular eutectic to irregular eutectic, which is often called
grid eutectic structure [19, 20]. At the same time, there are some lamellar eutectics, but the lamellar spacing is
significantly enlarged, which is about 0.8 μm, as shown infigure 10(a).With the extension of annealing time, the
microstructure of Au80Sn20 eutectic alloywill also be coarsened, and the bridge connection between the same
phase is shorten and thinning, and eventually all the eutectic structure will be transformed into an equiaxial one,
as shown infigures 10(b) and (c).

Figure 14. Fracture surfacemorphology of solder ring blanked at high temperaturewithAu80Sn20 annealing for different time
(a) 60 min (b) 120 min (c) 180 min.
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The equiaxed annealing process is usually explained by thematerial transfermodel [21]: the concentration
difference between the two constituent phases ζ’-Au5Sn phase and δ-AuSn phase is caused by the difference in
element content. Such concentration gradient becomes the driving force of atomicmigration at high
temperature. Itmakes the eutectic lamellar spacing expand at the initial stage, and then the two phases in the
newly formed eutectic lamellar structure fuse, and then the two phases grow independently and gradually
become isoaxial.With the increase of annealing time, the structure of isoaxial phasewill continue to coarsening.
YYang [22] studied themelt-mixing solidification structure of Au80Sn20 eutectic alloy by EBSD and other
analyticalmethods, indicating that irregular eutectic structurewas derived from the overheating, fusing and
coarsening of eutecticmicrostructure.

Figure 11 shows the vickers hardness of samples B1, B2, B3 and unannealed sample A at 200 °C. From the
overall situation of the curve, the hardness of Au80Sn20 eutectic alloy decreases obviously after heat treatment
comparedwith that without heat treatment.Moreover, with the increase of heat treatment time, the hardness of
Au80Sn20 eutectic alloy atfirst decreases and then increases. During the heat treatment, the recrystallization
process of Au80Sn20 eutectic alloy eliminates the residual stress caused by the rapid solidification preparation
process, thus reducing the hardness of the alloy. The increase of Au80Sn20 eutectic alloy hardness after
annealing for 180 min is the effect of grain size onmaterial hardness: At room temperature, the grain boundary
will hinder the dislocationmovement and increase the resistance to plastic deformation, which is reflected in the
improvement of hardness and strength, and this is so-called refined crystalline strengthening. However, at high
temperature, the grain boundary has a high surface energy, which provides a priority for diffusion, phase change
and other processes. At this point, the grain boundary becomes unstable and easier to slip than the interior of the
grain. The stress required for grain boundary cracking ismuch lower than that required for slippage band
cracking inside grain, which is easy to cause relative sliding of adjacent grain and reduce deformation resistance.

The heat-treated soldering piecewas subjected to heat blanking and observed under a scanning electron
microscope, and the solder rings are shown infigure 12. From the overall effect, they are greatly improved
compared to the solder rings shown infigures 2(a) and 6(a), the surface is smooth and flat without obvious burrs,
tearing is reduced, and the yield is also improved. At the same time, the casts with heat treatment for 120 min
have the best heat-blanking effect, and the surface is the smoothest and the tearing parts are rare. After 60 min of
heat treatment, the surface of the blanked solder ring has large cracks and somedegrees of tearing. After the heat
treatment for 180 min, the surface of the solder ring has small cracks and tears.

Surface cracks and their expansion paths are shown infigure 13. The transgranular cracks dominate the
meshed eutectic structure after annealing for 60 min. In the irregular eutectic structure offigures 13(b) and (c),
there are twoways to coexist: transgranular and intergranular. Transgranularmainly occurs in the internal
δ-AuSn phase, and intergranular occurs at the junction of δ-AuSn phase and ζ’-Au5Sn phase. Combining the
microstructure offigure 10with the overallmorphology offigure 13, it can be inferred that the Au80Sn20 solder
structure heat-treated for 60 min is not completely equiaxed, and the roughened lamellar eutectic structure
inherits the original lamellar eutectic. And the roughened lamellar eutectic structure is anisotropic and brittle, so
it is easy to break under the action of shearing force, and the crack ismostly a transgranular fracturewhich is
extended along the lamina. The equiaxed eutectic structure temper the influence of the isotropy of the lamellar

Figure 15. Solder ring blanked at high temperaturewithAu80Sn20 annealing at 260 °C for 120 min (a) front view (b) side view.
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eutectic, and the heat treatment can also eliminate the residual stress in the process of rapid solidification
preparation,making the solder hardness reduced and easy to process. Fine grains at high temperatures are
advantageous for the reduction of hardness, which results in a better blanking effect offine grained
microstructures after annealing for 120 min under the same heating conditions.

As shown infigure 14, the Au80Sn20 eutectic alloy cast annealed at 260 °C for 60 min has similar fracture
characteristics to the unannealed cast segments due to its structure as a grid-like eutectic and some lamellar
eutectics. However, due to the discontinuity of the lamellar eutectic, the surface of the fracture is notflat enough,
and the long strip similar to that offigures 7(a) appears to havemore fragments. The fracturemorphology of the
sheets annealed for 120 min and 180 min is shown infigures 14(b) and (c), showing the intergranular fracture
characteristics of the ice-like granules and the transgranular fracture of cleavage sections of herringbone or radial
patterns. At the same time, the longer the heat treatment time is, the coarser the structure is, and the larger the
size of the grains at the fracture is.

Annealing at 260 °C for 120 min, the uniform equiaxed eutectic structure of the grains can be obtained,
and the adverse effect on blanking of the anisotropic initial lamellar eutectic of the Au80Sn20 eutectic alloy is
eliminated. The internal stress generated during the preparation process is reduced. Furthermore, the hardness
is reduced, the blanking ability is optimized, and a solder ringwith smooth, burr-free incisions and a complete
shape could be successfully obtained, as shown infigure 15.

4. Conclusions

(1) Au80Sn20 eutectic alloy so brittle that it is easy to break when blanking at room temperature. Based on a
reduction in hardness and brittleness of the alloy at high temperature, the yield andmoldingmorphology in
blanking can be significantly improved by hot blanking process.

(2) The lamellar eutectic structure of the Au80Sn20 eutectic alloy has anisotropic structure, resulting in the
uneven distribution of the shearing force on the sample in the blanking process, leading to fractures in the
direction of the sheet. Annealing heat treatment canmake the lamellar eutectic structure equiaxed,
eliminate anisotropic structure and guarantee the integrity.

(3) Annealing heat treatment can eliminate the internal stress generated by Au80Sn20 eutectic alloy during
rapid solidification, reduce its hardness and improve processing performance. The grain size of Au80Sn20
eutectic alloy increases with the annealing time. The hardness at 200 °Cof the alloy increasesfirst and then
decreases with the annealing time, and the alloywith the equiaxed eutectic structure offine grains has the
best blanking performance. The above shows that fine grains at high temperatures have a beneficial effect on
reducing hardness and improving blanking ability.

(4) After annealing at 260 °C for 120 min, the equiaxed eutectic structure with uniform and fine grain size can
be obtained, and the blanking is the best. Therefore, theAu80Sn20 eutectic alloy solder ringwith smooth
and burr-free incisions is prepared successfully.
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