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Tablel Melting point of Sn-xBi-yM alloys

Composition of alloy solder/Sn-xBi-yM, /% Melting range/C Annotation
Sn-58Bi 139 Fixed melting range
Sn-0Bi 235.1 Melting point of pure Snt'”
Sn-10Bi 220.3 Melting point estimated by heat flow!'”!
Sn-15Bi 214.6 Average value!'”!
Sn-30Bi 143.4 Melting point estimated by heat flow!"”!
Sn-52Bi 142.3 Melting point estimated by heat flow!”!
Sn-70Bi 143.7 Melting point estimated by heat flow!'”!
Sn-58Bi-3In 119.9-140.5 Solid phase line-liquid phase line!'
Sn-58Bi-0.5Ag 129.5-137.9 Solid phase line-liquid phase line!*"!
Sn-58Bi-1Ag 129.7-137.2 Solid phase line-liquid phase line!*”
Sn-58Bi-2Ag 131.0-137.4 Solid phase line-liquid phase line*”
Sn-58Bi-3Ag 131.3-137.3 Solid phase line-liquid phase line*”
Sn-58Bi-4Ag 138.1-145.5 [18]
Sn-58Bi-4Ag-3In 116.9-138.1 [18]
Sn-38Bi-2Zn 132.0 Solid phase line temperature!?!
Sn-45Bi-2.6Zn 133.3-147.1 Solid phase line-liquid phase line*!
Sn-40Bi-2Zn 133.4 Solid phase line temperature!**!
Sn-44Bi-2Zn 133.5 Solid phase line temperature!*?!
Sn-39Bi-3Zn 133.6 Solid phase line temperature!?!
Sn-41Bi-3Zn 133.6 Solid phase line temperature!**!
Sn-43Bi-3Zn 133.6 Solid phase line temperature!*?!
Sn-52Bi-0.05-0.14 Al 144.4-144.1 Melting point estimated by heat flow!"”!
Sn-52Bi-0.19-0.25A1 144.5-144.6 Melting point estimated by heat flow!”!
Sn-44Bi-1.8Sb 141.9-180.5 Solid phase line-liquid phase line!*”!
Sn-48Bi-1.8Sb 140.9-172.7 Solid phase line-liquid phase line*”}
Sn-52Bi-1.8Sb 140.6-152.0 Solid phase line-liquid phase line!”!
Sn-40Bi-0.1Cu 125.1-147.1 Solid phase line-liquid phase line!*™
Sn-40Bi-2Zn-0.1Cu 127.7-150.8 Solid phase line-liquid phase line*®
Sn-58Bi-0.5Ti 134.4-138.9 Values during cooling and heating™’!
Sn-58Bi-1Ti 134.4-139.2 Values during cooling and heating!®®!
Sn-58Bi-0.5La 137.8 Eutectic temperature!*”!
Sn-58Bi-0.1RE 136.2-139.7 Solid phase line-liquid phase line*
Sn-58Bi-0.5Ag-0.1RE 136.6-139.1 Solid phase line-liquid phase line™®
Sn-58Bi-0.5Ce 137.3 Eutectic temperature!®']
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Fig.5 Diagram of liquid brazing wetting base plate
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Table 2 Effect of different third components on the

structure of Sn-Bi alloy

Third
group Effect
element
In Enlargement of f-Sn dendrites

Needle-flake Zn, refinement of eutectic-structure and
Sn dendrites
Refinement and production of regular
eutectic-structure and IMC, no obvious Sn dendrites
st Slightly refined eutectic-structure
Oriented refinement of regular eutectic, Sn dendrites
become smaller and elongated IMC generation

Zn

Ni

Al

Cr  Similar to Ni, with presence of Sn dendrites and IMC

Similar to Ag, the microstructure is regularly refined,

Cut®  the Sn phase becomes smaller, and elongated IMC is
generated along grain boundaries
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Fig.13 Metallographic microscope images of Sn-58Bi-xAg alloys: (a) Sn-58Bi-0.5Ag, (b) Sn-58Bi-1Ag, (c) Sn-58Bi-2Ag, and

(d) Sn-58Bi-3AgH"
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Stress-strain curves of SnBi-xCr (x=0, 0.1, 0.2, 0.3) solder slabs (a) and ultimate tensile strength and elongation of solder
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B 16 #£ 180 ‘CF Cu #}JE& _E &N 5 min I Sn58Bi F1 Sn58Bi0.5Ni & £ ff) SEM K14

Fig.16 SEM images of Sn58Bi (a) and Sn58Bi0.5Ni (b) solder joints on Cu substrate after reaction at 180 C
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ALE % Cu/Sn-58Bi/Cu 42 k#4728 I 24k, &
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£ 3 Sn-xBi-yM/Cu(zN)5 Sn-xBi HHItMI R AR N E S

Table 3 Interface reaction difference between Sn-xBi-yM/Cu(zN) and Sn-xBi

Sn-xBi-yM/Cu(zN)

Effect Refs.

Sn was reacted with Cu to form scalloped CusSns, which continued to react to form Cu;Sn,

Sn-58Bi/Cu with IMC thickening with increasing reaction temperature and time, and Bi was segregated [56-59]
at the interface
Sn58Bi-yNi(nano)/Cu IMC composition change: (Cu, Ni)Sn formed instead of CusSns, and no Cu3;Sn formed [62]
. IMC composition remained constant, and Ag diffused into the Cu substrate, forming an
Sn38Bi-4Ag/Cu Ag-Cu layer on the surface and suppressing the diffusion and segregation of Bi [64]
Sn32Bi-6Ga/Cu IMC changed to basin-concave CuGa, without CusSns formation, leading to no Cu3;Sn [63]
. IMC composition remained constant, Cr hindered the diffusion of Sn and Bi and reduced
Sn38Bi-0.2Cr/Cu the thickness of IMC layer [65]
Sn58Bi-0.77Zn/Cu IMC composition changed to a bllayer. IMC: corrugated Cu-Zn and planar Cue(Sn, Zn)s [70]
without CuzSn
Sn58Bi-3In/Cu IMC composition changed to disordered rod Cus(Sn, In)s, without CusSn [18]

Sn58Bi/Cu-Ni plating

Composition of the IMC layer changed to serrated (Cu, Ni)Sn, without Cus3Sn [67]
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Fig.17 Microstructures of Sn58Bi/Cu joint interfaces aged for 0 d (a), 7 d (b), 14 d (¢), 21 d (d) and 28 d (e) at 100 c L8]
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B 18 MR IE LM SR 4k 15, 45 A1 263 d J5 4T BHEJ SEM SOW 45 7

Fig.18 SEM microstructures of the solder matrix in the initial as-soldered joints (a) and after room temperature aging for 15 d (b),

45 d (c) and 263 d ()19
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Research Advances and Prospect of L ow-Temperature Sn-xBi-yM Alloy Solders for
Microelectronic Packaging

Zhao Jin!, Ji Xiaoliangl, Jia Qiangl, Wang Yishu', Guo Fu'?
(1. Faculty of Materials and Manufacturing, Beijing University of Technology, Beijing 100124, China)
(2. College of Robotics, Beijing Union University, Beijing 100101, China)

Abstract: The development of miniaturized and multifunctional electronic products makes the devices face problems such as
thermal damage and substrate warpage during the packaging and assembly process. In order to reduce the thermal impact of
electronic packaging and assembly processes on chips and devices, low melting point interconnect materials need to be researched
and developed. Tin-bismuth (Sn-Bi) alloy solder has received considerable attention due to its low melting point, low cost, good
wettability and mechanical strength, but the segregation of the brittle Bi phase is detrimental to the long-term service reliability of
the devices. By adding alloying elements to the Sn-Bi solder to form a Sn-xBi-yM alloy solder, the service reliability of the Sn-Bi
alloy solder and its solder joints can be effectively improved. The effects of different alloying elements on the melting point,
wettability, microstructure, mechanical properties, interfacial reaction and reliability of Sn-Bi solder were analyzed and
summarized from the perspective of solder alloying. And based on the existing research results, the future development direction
of Sn-Bi alloy solder was prospected.
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