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HIGHLIGHTS

GRAPHICAL ABSTRACT

e An in-situ observation was per-
formed on a composite solder made
of SAC305/Sn58Bi.

e SAC305/Sn58Bi  were completely
mixed by 190 °C reflow to form Sn-
31.1Bi-1.4Ag-0.2Cu with a melting-
like point of 176°C.

e Cu/SAC305-Sn58Bi/Cu solder joints
were assembled with a shear
strength of 44.6 MPa.
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Package-on-Package (PoP) is a popular technology for fabricating chipsets of accelerated processing units.
However, the coefficient of thermal expansion mismatch between Si chips and polymer substrates induces
thermal warpage during the reflow process. As such, the reflow temperature and reliability of solder joints
are critical aspects of PoP. Although Sn—58Bi is a good candidate for low-temperature processes, its
brittleness causes other reliability issues. In this study, an in-situ observation was performed on composite
solders (CSs) made of an Sn-3.0Ag-0.5Cu (SAC305) solder and an Sn—58Bi solder that were mixed during
reflow at temperatures of 170 °C (CS-170), 180 °C (CS-180), and 190 °C (CS-190). The volumes of the mixed-
solder regions were in the order of CS-190 > CS-180> CS-170. A calculated Sn58Bi-SAC305 isoplethal
section of the Sn-Ag-Cu-Bi quaternary system was employed to elucidate the melting behavior of CS-190.
CS-190 with Sn cyclic twin boundary and Bi phase preferred orientation of [0001] was demonstrated by
electron backscatter diffraction. Moreover, Cu/CS-190/Cu joints with a shear strength of 46 MPa were
formed. CS-190 can reduce the brittleness of Sn—Bi solder owing to the reduced solid-solution hardening

with the decrease in the Bi content. These factors can improve the reliability of PoP technology.
© 2019 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

materials and design is very important during the enhancement of
performance in advanced electronic devices.

Decreasing power consumption and CO; emissions is critical for
reducing manufacturing costs, and for environmental and sus-
tainable development in the electronics industry. Thus, the role of

* Corresponding author.
E-mail address: yashen@jwri.osaka-u.ac.jp (Y.-A. Shen).

https://doi.org/10.1016/j.matdes.2019.108144

Three-dimensional integrated circuits (3D IC) have advantages
such as high performance, small form factor, and heterogeneous
integration, and are a promising direction to extend Moore's law
[1]. Before overcoming the technological challenges in
manufacturing 3D IC, Package-on-Package (PoP) technology has
become popular for fabricating chipsets of accelerated processing
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units, wherein the top-side chip serves as the mobile memory and
the bottom-side chip serves as the application processor (AP) [2,3].
In PoP, an important technology is fan-out wafer level packaging
(FOWLP; developed by TSMC), which ensures a smaller package
footprint with higher heterogeneous integration level and input/
output density than conventional flip-chip packaging and enhanced
thermal and electrical performances compared with general pack-
aging technologies [4]. Thus, most high-performance APUs are
manufactured based on PoP technology, such as the A11 APU in
Apple's iPhone 8 [4]. Si chips and polymer substrates are employed
in the PoP assembly process; however, the coefficient of thermal
expansion (CTE) mismatch between the two materials induces
serious thermal warpage during the reflow process, wherein the
solders are re-melted to connect the chips and the substrates
[2,5,6]. In addition, the level of thermal warpage can be reduced by
controlling the reflow temperature in the range of 180°C—200°C
[2,6]. Therefore, researchers have focused on the mechanical
properties of solders and reflow temperature.

In the past few decades, despite eutectic Sn—Pb solder has a
suitable melting point and performance against thermal fatigue, and
thus was widely utilized for electronic packaging [7,8], it has been
prohibited due to the environmental and health issues by the adop-
tion of Restriction of Hazardous Substances Directive. On the other
hand, Sn—58Bi alloy (in wt%), which has a low melting point (139 °C)
and good mechanical properties, is a promising candidate for low-
temperature soldering in electronic packaging [9—13]. However, its
poor ductility, which is due to the considerable brittleness of Bi, is a
concern [14—16], and the melting point will induce electromigration
and thermomigration at low temperatures (75 °C—100°C) [17—19].

We prepared a composite solder with an Sn-3.0Ag-0.5Cu solder
(SAC305 solder, commonly used for ball-grid-array solder balls) on
the top side and an Sn—58Bi solder on the bottom side at a reflow
temperature lower than 250 °C—260 °C (which is the reflow tem-
perature range for an SAC solder). During the reflow process, the
bottom-side solder (i.e., Sn—58Bi) melts and then forms a mixture of
the two solders. By conducting the reflow process at a temperature
lower than that used for an SAC solder, we could fabricate a
composite-solder joint with Cu—Cu substrates, and thus we reduced
the thermal warpage and considerable thermal budget (from
250°C—260 °C to 180—190 °C). We expect the composite solder to
exhibit better ductility and a higher melting point than the Sn—58Bi
solder because of the reduced Bi content. This composite solder
could replace the eutectic Sn—58Bi solder for low-temperature
soldering owing to the similar reflow temperature, higher working
temperature, and lower content of brittle Bi. Additionally, the shear
strength may be higher than that of SAC305 solder because the Bi

addition can enhance the reliability of SAC-based solder [20,21].

Although similar studies have been conducted involving SAC-
based solder balls with In- or Bi-Sn-based solder pastes [22—24],
studies on Cu/Sn-58Bi-SAC composite solder/Cu joints, including the
corresponding processes and properties during the reflow, are lacking.

In this study, the in-situ processes involved in fabricating a
composite solder joints made of SAC solder/Sn-58Bi solder/Cu
substrate at reflow temperatures of 170 °C, 180 °C, and 190 °C were
recorded using a charge-coupled device (CCD) camera to under-
stand the mixing behavior. The melting behavior of CS-190 was
observed, and its melting-like point was predicted from thermo-
dynamic analysis. The microstructures were investigated using a
scanning electron microscope (SEM, JOEL-7100, Japan) and electron
backscattered diffraction (EBSD, TSL and OIM, Japan). Furthermore,
Cu/composite solder/Cu joints were assembled at a reflow tem-
perature of 190 °C (CS-190 joint) to understand the microstructures
of the joint. Finally, the soldering reliability of the joint was
analyzed by conducting shear tests.

2. Experimental methods
2.1. Composite solders under various reflow temperatures

Sheets of SAC305 solder (Sn-3.0Ag-0.5Cu wt%) and Sn—58Bi (wt
%) solder with dimensions of 5mm x 5mm x 120 um were
commercially fabricated (Senju Metal Industry Co., Ltd., Japan). A
Cu plate with dimensions of 15 mm x 15 mm x 0.5 mm was pre-
pared for the substrate. The Cu plates were cleaned in diluted hy-
drochloric acid (4%) followed by ethanol, resulting in Cu-oxide-free
surfaces. The various reflow temperatures were 170 °C, 180 °C, and
190 °C. Fig. 1(a) shows the reflow profiles. A CCD camera was used
to record the reflow processes. A composite solder (CS-190) was re-
melted based on a temperature curve (ramp rate of 0.5 °C/s) from
100°C to 220°C, as shown in Fig. 1(b), to study the melting
behavior. The microstructures of each sample were analyzed using
the SEM, and the elements in the solders and intermetallic com-
pounds (IMCs) were identified using an energy dispersive X-ray
spectrometer (EDS, JOEL, Japan). EBSD was used to investigate the
grain size, orientation, and grain-boundary misorientation of the Sn
and Bi phases in the composite solder prepared at a reflow tem-
perature of 190 °C. In addition, thermodynamic calculations based
on the calculation of phase diagram (CALPHAD) method were
performed to determine the Sn58Bi-SAC isoplethal sections of the
Sn-Bi-Ag-Cu quaternary system using the PANDAT software with
the ADAMIS solder database [25]. In this database, the thermody-
namic descriptions of the Sn-Bi-Ag-Cu quaternary system were
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(a) Reflow profiles for composite solders/Cu substrate with various reflow temperatures. (b) Ramp chart for observing the melting behavior of CS-190.
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Fig. 2. Reflow profiles of the twice reflow process for assembling Cu/CS-190/Cu, with a schematic diagram of the twice reflow process.

extrapolated based on the models of Sn-Bi-Ag, Sn-Bi-Cu, Sn-Ag-Cu,
and Bi-Ag-Cu ternary systems without incorporating the quater-
nary interacting parameters in the Gibbs free energy functions.

2.2. Cu/CS-190/Cu joints and shear strength

Fig. 2 shows the two-step reflow process conducted at tem-
peratures of 250 °C and 190 °C. The first reflow process was for the
SAC solder attached to the top-side Cu pillar; we then placed the
former on a sheet of Sn—58Bi solder/bottom-side Cu pillar to
assemble the Cu/composite solder/Cu joints in the second reflow
process at 190°C. In addition, the two-step reflow process was
similar to the commonly used process for connecting APU chipsets
with polymer substrates in PoP technology [4]. The top pillar has a
thickness of 2 mm and a diameter of 5 mm, and the bottom pillar
has a thickness of 5mm and a diameter of 10 mm, as shown in
Fig. 3(a). The pillars were cleaned in diluted hydrochloric acid (4%)
followed by ethanol. The shear strengths were evaluated using a
shear test machine (HLST1000, Rhesca, Japan) operating in the
displacement-controlled mode with a shear punch offset from the

b

a

substrate surface of 200 um and a nominal displacement rate of
10 pmy/s, as shown in Fig. 3(b). Three joints of the composite solder
were examined for a statistical analysis.

3. Results and discussion

3.1. In-situ observations of composite solder mixing behavior during
reflow

Fig. 4 shows the appearance of each sample during the reflow
process in the temperature range of 170 °C—190 °C. The processes
were recorded and are presented in Supplement movies 1—3.
Points 1 to 4 correspond to Points 1 to Point 4 shown in Fig. 1(a).
The images, shown in Fig. 4, are indicated by 170 °C-1 to 4,180 °C-1
to 4, and 190 °C-1 to 4 for convenience. At Point 1, the solders did
not melt at 100 °C. The melting of the Sn—58Bi solder started at
139 °C, which is the melting point of eutectic Sn—Bi alloys, during
the temperature ramp. In 2 min at 170°C, the SAC solder only
slightly melted, indicated by 170 °C-3; at a reflow temperature of
180°C, the SAC305 solder was considerably dissolved into the

Shear punch

200 jum, 10 pm/s

Fig. 3. (a) Dimensions of the Cu/CS-190/Cu joint and (b) test condition of the shear test.



4 Y.-A. Shen et al. / Materials and Design 183 (2019) 108144

170°C
Reflow

190°C
Reflow

Fig. 4. Morphology of composite solders at different conditions. Point 1 to Point 4 correspond to Point 1 to Point 4 in Fig. 1(a).

Sn58Bi solder, as indicated by 180 °C-3. A completely mixed solder
was formed at 190°C, as indicated by 190°C-3. At Point 4, the
volumes of the mixed solders were in the order of
190 °C > 180 °C > 170 °C. When the solder sheet of Sn—58Bi melted,
there was a layer of alloy at the interface between the Sn—58Bi and
the SAC solders because of the partial dissolution of the SAC solder.
The melting point of an interfacial alloy is lower than that of the
SAC solder (217 °C). The dissolution is similar to transient liquid
phase sintering/solid-liquid interdiffusion [26—28]. The latter
formed an intermetallic compound, and the former formed a solder
alloy with a melting point between Sn—58Bi and SAC solder.
However, the Bi content in the Sn—58Bi solder decreased because of
the dissolution of the SAC solder. At 170°C, 180 °C, and 190 °C, the
values of Sn at the liquid line were 62.5, 68.5, and 75.5 wt%,
respectively, in the Sn—Bi phase diagram. Therefore, higher reflow
temperature can facilitate the more dissolution of the SAC solder
into the Sn—58Bi solder. With time at the peak reflow temperature,
the SAC solder dissolves into the molten solder of the Sn—58Bi alloy
until the Bi content of the mixed solder reaches the Bi wt% at the
liquid line in the Sn—Bi phase diagram. Fig. 5 shows a schematic of
the solder mixing process. The Bi contents in the mixed solders are
presented in Section 3.2.

However, we believe that the completely mixed solder is the
best structure for PoP technology because the interface of the SAC
and SnBi solder induces a decline in the mechanical properties. In
this study, we only focused on the melting behavior of the com-
posite solder reflowing at 190°C (CS-190). Although the process is
conducted at 190 °C, the SAC305 melting point is ~217 °C. Thus, we
heated to 210°C, a little lower than 217 °C, to identify the real
melting-like point. The CS-190 was observed by in-situ recording at
a ramp rate of 0.5 °C/s from 100 °C to 210 °C, as shown in Fig. 6 and
Supplement Movie 4. When the temperature was above 140 °C,
which is close to the melting point of eutectic Sn—Bi alloy, the
solder gradually melted before completely melting at 190 °C, at
which point its structure was similar to that at 210 °C. Most solid
phases were eliminated from the molten state solder in the tem-
perature range of 170 °C to 180 °C. Thus, we can conclude that the
melting point is approximately in the range of 170°C—190 °C.

Fig. 7 shows the Sn58Bi-SAC305 isoplethal section, with a Ag-Bi-
Cu-Sn tetrahedron highlighting the two terminal compositions of
the phase diagram. The 99%, 70%, 30%, and 0% iso-liquid phase
fraction lines and nominal composition of the composited solder

were superimposed on the phase diagram. At elevated tempera-
tures (e.g., 170°C—190 °C in this work), the Sn58Bi portion of the
composite solder is completely molten, while the other portion of
the SAC305 is composed of (Sn), CugSns, and AgsSn solid phases.
Between the Sn58Bi and SAC305 terminals, there is a wide range in
the CugSns’ + L or CugSns + L two-phase region; however, the solid
phase (CugSns or CugSns’) fraction in this region is very small, <1%,
as indicated by the 99% iso-liquid phase fraction line. That is why
the structure of CS-190 at 190°C is similar to that at 210°C (Fig. 6). A
noticeable decrease in liquid phase fraction occurs when the AgzSn
and (Sn) phases participate in the solidification of the
CugSns’ +AgsSn+(Sn)+L and CugSns + AgsSn+(Sn)+ L four-
phase regions. Consequently, the 99% iso-liquid phase fraction
line is taken as the criterion for evaluating the melting behavior of
the composite solder. The Sn58Bi/SAC305 contact would result in
mutual dissolution and diffusion. Since the kinetics in the liquid
phase is an order-of-magnitude higher than that in solid phases,
the predominant reactions would occur at the liquid phase. With

139°C
Melted SnBi

solder SAC

Room Temperature

Cu substrate

190°C-onsetl

Cu substrate

190°C- 2 mins

Mixed solder

Cu substrate Cu substrate

Fig. 5. Schematic diagram of the mixing process of composite solder.
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D2M5153s

150°C

Fig. 6. Frames extracted from Supplement Movie 4 for observing the melting behavior of CS-190.

the dissolution of SAC305 constituents into the molten Sn58Bi alloy
at elevated temperatures, the molten part of the composite solder
can retain its liquid phase with the SAC305/(Sn58Bi + SAC305) ra-
tios being 39.7%, 51.0%, and 62.7% at 170°C, 180°C, and 190 °C,
respectively. The higher the reflow temperature, the more exten-
sive the range of SAC305 dissolution in the liquid phase, which is
consistent with the experimental results shown in Fig. 4. Complete
mixing of Sn58Bi and SAC305 composite solder in this work
resulted in the formation of Sn-31.1Bi-1.4Ag-0.2Cu alloy, which has
a 99% liquid phase temperature at approximately 176 °C. Although
this is not the melting point, it can be defined as a melting-like
point because the CugSns content in CS-190 is low. The working
temperature of CS-190, which was fabricated based on the reflow
profile of the low-temperature Sn—58Bi alloy, can be higher than
that of the Sn—58Bi solder (melting point is 139 °C) because of its
melting-like point at approximately 176 °C. This is beneficial for
enhancing the electromigration and thermomigration reliabilities.
Moreover, this process can lower the considerable thermal budget
compared with the SAC solder case (reflow temperature is 250 °C)

and avoid the thermal warpage observed during the high-
temperature reflow process.

3.2. Microstructure of composite solders

Fig. 8 shows cross-sectional backscattered electron images
(BEIs) of CS-170, CS-180, and CS-190. There is a boundary between
the SAC-solder region and the mixed-solder region in CS-170
(Fig. 8a) and CS-180 (Fig. 8b), but not in CS-190 (Fig. 8c). The re-
sults correspond to the difference in the SAC-solder volumes shown
in Fig. 4. With the increase in the reflow temperature, the higher
rate of dissolution of the SAC solder into the Sn—58Bi solder in-
duces thicker mixed regions in CS-180 (Fig. 8b) than in CS-170
(Fig. 8a) and completely mixed regions in CS-190 (Fig. 8c). In
Fig. 4, the areas of the SAC solder are 0.18 and 0.056 cm? in 170 °C-4
and 180 °C-4, respectively. The thicknesses of the SAC-solder region
in CS-170 and CS-180 are approximately 72.1 and 12.1 um, respec-
tively. Therefore, the values of Bi in the mixed solders are 38.9 and
31.4 wt% after the reflow at 170 °C and 180 °C, respectively. These

Ag

~-Mass balance

220

200 1

CugSng+L

99 % molar fraction of liquid
70 % molar fraction of liquid
30 % molar fraction of liquid

0 % molar fraction of liquid

Ag,Sn+(Sn)
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o 180
=
160
140

o

Ag,Sn+CugSng
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10 20 30 40
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Fig. 7. Sn58Bi-SAC305 isoplethal section superimposed with 99%, 70%, 30%, and 0% molar fractions of liquid.
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Full view
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Fig. 8. Cross-section microstructures in composite solder of (a) CS-170, (b) CS-180, and (c) CS-190, and amplified backscatter electron images (BEIs) of (d) CS-170, (e) CS-180, and (f)
focusing on the interfaces between the solder and the Cu substrate.
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Fig. 10. Cross-sectional BEIs in (a) full-view, and at the interface between (b) the top Cu substrate and (c) bottom Cu substrate in the CS-190 joint.

values are very close to the Bi contents at the liquidus at 170°C
(37.5wt% Bi) and 180°C (31.2 wt% Bi) in the Sn—Bi phase diagram
[29].

In the Sn—58Bi solder, the phase transition through the eutectic
point results in a uniform lamellar structure [30—32]. Conversely, in
CS-190, smaller Bi grains precipitate from the primary crystal of Sn
during the cooling process between its melting point and 139 °C
(eutectic point of Sn—Bi). A net-like structure is formed in the
composite Sn—Bi alloy during solidification (Fig. 8c). Therefore, the
distribution of the Bi phase in the composite solder is distinct from
that in the Sn—58Bi solder. In the latter, the Bi and Sn phases form
uniform lamellae; however, a net-like structure is observed in the
former, instead of the uniform lamellae in the latter, because of the
reduction in the Bi content to 31.1 wt% during the mixing of the SAC
and eutectic Sn—58Bi solders, as shown in Fig. 8(a)—(c), and
considerably small Bi grains precipitate from the Sn phase, as
shown in Fig. 8(d)—(f). When only a small amount of SAC is dis-
solved into the Sn—58Bi solder (Fig. 8a), fewer net-like structures
are observed in the mixed region. As thermal-stress crowding
occurred on the phase boundaries of Sn—Bi [33], the net-like
structures could be beneficial to the thermomechanical proper-
ties of Sn—Bi alloys. Additionally, the interfacial layer between the
composite solder and the Cu substrates is made of a Cu—Sn IMC
because Bi—Cu IMC does not exist.

Plane-view microstructures of CS-190 were examined using
EBSD. Fig. 9(a) shows phase mapping (80 um x 80 um) of CS-190.
Fig. 9(b) and (d) show the orientation image mapping (OIM) of Bi
and Sn, respectively. Cyclic twin boundaries (CTB), which are
commonly observed in Sn-rich solders [34], exist in the Sn phase of
CS-190, as shown in Fig. 9(e). In a previous study [33], CTBs in the
Sn phase were also observed in eutectic Sn—58Bi solder despite
only 42% Sn content. In this study, CS-190, consisting of Sn-31.1Bi-
1.4Ag-0.2Cu, has a more content of Sn than eutectic Sn—58Bi solder.
Thus, that there are CTBs in the Sn phase of Sn-31.1Bi-1.4Ag-0.2Cu
solder is reasonable. As atomic diffusion along the Sn grain
boundary during electromigration causes substrate dissolution in
Sn-rich solder joints, the resistance provided by the CTB against
grain-boundary diffusion is very important for the electromigration
reliability of CS-190 [35].

On the other hand, Sn with a body-centered tetragonal structure
and Bi with a rhombohedral structure have anisotropic properties,
such as anisotropic diffusivity and anisotropic CTE [36—39].
Therefore, the grain orientation in the Sn and Bi phases is critical.
Interestingly, in the normal direction, Bi has a preferred orientation
of [0001] (Fig. 9c), which results in a greater CTE difference from

the a-axis of the Bi phase [38], and the distribution of the Sn grain
orientation is random (Fig. 9d). The Bi preferred orientation of
[0001] was also observed in the eutectic Sn—58Bi alloy [33]. We
inferred that the Bi preferred orientation [0001] is an absolute
structure in Sn—Bi alloy for minimizing the system free energy
during crystallization. Although the detailed mechanism needs to
be investigated in more details, this finding provides a good
reference for understanding the thermomechanical properties of
composite solders because the CTE of Bi is anisotropic.

3.3. Cu/composite solder/Cu solder joint

After understanding the mixing behavior of the composite sol-
ders, we assembled Cu/composite solder/Cu joints based on the
reflow profile at 190°C; the solders were mixed completely.
Fig. 10(a) shows a cross-sectional BEI of the CS-190 joint. A
completely mixed solder with a Sn—Bi distribution of net-like
structures was observed, similar to the CS-190 solder shown in
Fig. 10(c). The formation of a Cu—Sn IMC at both the interfaces
between the Cu substrates and the solder is identified using EDS.
Fig. 10(b) and (c) show the BEIs near the top and bottom interfaces
between the Cu substrate and the solder, respectively.

The cross-sectional areas of IMC in Fig. 10 were measured. Three

PR TSI EE VA S S B R S S S ST R
1 2 3 4 5

IMC thickness (um)

Fig. 11. Intermetallic compound (IMC) thickness at the interfaces of the top (twice
reflow) and bottom (one-time reflow) of the CS-190 joint.
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different 30-um-wide regions were measured at each side. Then,
the areas were divided by the width (30 um) to calculate the IMC
thicknesses. The IMC layer at the top side (4.3 pm) was thicker than
that at the bottom side (1.4 um), as shown in Fig. 11. This is due to
the dual reflow to the top interface where thicker CugSns IMC exists
compared with that at the bottom interface, which was produced
via a single reflow.

In electronic packaging, solder joints form not only an electrical
interconnection but also a mechanical interconnection between the
chips and the substrates. Thus, it is necessary to investigate the
shear strength of the CS joints. Fig. 12 lists the shear strengths of CS-
190 joints. The average shear strength (46 MPa) is much higher
than that of the SAC solder joints (23 MPa) [40], which are
commonly used in electronic packaging. If the Bi content in Sn—Bi
alloys is in the range of 30—40 wt%, the solder will exhibit high
elongation owing to the reduced solid-solution hardening effect on
the Sn—Bi mechanical properties [41,42]. In our study, the Bi con-
tent was 31.1 wt% in the CS-190 joint, which could reduce brittle-
ness in the Sn—Bi solder joint.

During reflow, serious thermal warpage is observed in the PoP
assembly process because of the CTE mismatch between the Si chip
and the polymer substrate. Thus, the mechanical reliability and the
melting point of the solder joint are important parameters. The CS-
190 joint assembled in this study at a low reflow temperature
(190°C), which has good shear strength and less brittle Bi than
Sn—58B solders, is expected to be a promising candidate for PoP
technology. Furthermore, as the melting point is higher than that of
Sn—58Bi solder, it could enhance the working temperature of
electronic devices.

4. Conclusions

The mixing processes of composite solders made of an SAC
solder and a Sn—58Bi solder mixed at reflow temperatures of
170°C, 180 °C, and 190 °C were demonstrated using in-situ obser-
vation. The volumes of the mixed solders were in the order of CS-
190 > CS-180 > CS-170, which is consistent with the thicknesses of
the SAC solder regions of CS-170 (72.1 pm), CS-180 (12.1 pm), and
CS-190 (complete mixing). The thickness difference was due to the

difference in the rate of dissolution of the SAC solder into the
melted Sn—58Bi solder at higher reflow temperatures. In addition,
the melting behavior of CS-190 was observed using a CCD camera at
a ramp rate of 0.5°C/s from 100°C to 210°C, and a melting-like
point of 176°C was determined from the Sn58Bi-SAC305 iso-
plethal section, indicating that the working temperature of CS-190
is higher than that of the Sn—58Bi solder (melting point = 139 °C).
A net-like structure of Sn—Bi formed in CS-190 as it solidified; this
is completely different from the structure of uniform lamellae
observed in eutectic Sn—58Bi solder. EBSD analysis revealed that
CS-190 exhibits Sn CTB and that the preferred orientation of the Bi
phase is [0001]. Via a two-step reflow process, we assembled Cu/
composite solder/Cu solder joints at a reflow temperature of 190 °C.
The shear strength (46 MPa) of the CS-190 joint was higher than
that of the SAC solder joint. Meanwhile, the brittleness of CS-190
with the decrease in the Bi content could be lower than that of
eutectic Sn—58Bi solder owing to the reduced solid-solution
hardening. The findings reveal that a low-temperature reflow
process (190 °C) helps reduce the considerable thermal budget and
thermal warpage due to the CTE mismatch between the Si chip and
the polymer substrate during the reflow process in PoP technology.
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.matdes.2019.108 144.
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