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Fig.1 Rapidly solidified Ag-Cu-Ge solder ribbon
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Fig.2 DSC curves of Ag-Cu-Ge solder alloys
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Fig.3 XRD patterns of Ag-Cu-Ge solder alloys
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Fig.4 SEM images of Ag-Cu-Ge solder alloys: (a) commonly
solidified solder and (b) rapidly solidified solder
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Fig.5 Surface morphologies of Ag-Cu-Ge solder alloys after

wetting: (a, ¢) commonly solidified solder and (b, d)

rapidly solidified solder
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Table 1 Wetting angle and spreading area of Ag-Cu-Ge

solder alloys
Wetting Spreadin
Solder alloys angle/(9 area/mmg Substrate
Commonly 15.8 82.8 Cu
solidified solder 135 1445 Ni
Rapidly solidified 11.2 168.9 Cu
solder 8.3 227.3 Ni
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Fig.6  Backscattered electron images of brazing interface:

(a, ¢) commonly solidified solder solidified and (b, d)

rapidly solidified solder
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Table 2 EDS analysis results for component of marking

points on interfaces in Fig.6 (mole fraction, %)

Spot No. Ag Cu Ge Ni
1 0.6 97.3 2.1
2 0.7 83.4 15.9
3 1.0 75.1 23.9
4 81.9 11.1 7.0
5 1.5 71.0 27.5
6 0.0 1.4 3.3 95.3
7 0.0 4.5 24.8 70.7
8 2.1 13.9 28.4 55.6
9 89.3 3.4 1.3 6.0
10 1.6 14.3 29.2 54.9
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Table 3 Shear strength of brazed joints

Shear Average shear

Solder alloys strength/MPa  strength/MPa Substrate
Commonly 54.6, 46.7, 48.2 49.8 Cu
solidified solder 68.6, 58.2, 63.5 63.4 Ni
Rapidly solidified 68.8, 78.6, 74.7 74.0 Cu
solder 86.0, 84.1, 88.4 86.2 Ni
3 &
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Properties and Brazing Interface Characteristics of Rapidly Solidified Ag-Cu-Ge
Solder Ribbons

Zhang Liguang *, Xu Kun?, Liu Yi?, Li Wei? Luo Ximing?, Zhao Ming®, Xu Yongtao®, Ao Bin®
(1. Kunming Institute of Precious Metals, Kunming 650106, China)
(2. Sino-Platinum Metals Co., Ltd, Kunming 650106, China)
(3. AVIC Guizhou Liyang Aero-Engine Co., Ltd, Anshun 561102, China)

Abstract: Ag-Cu-Ge solder ribbons were prepared by single roller rapid solidification technology. Melting temperature and phase
composition of solder alloys were determined by differential scanning calorimetry (DSC) and X-ray diffraction (XRD). The microstructure
and morphology of solder alloys and brazing joints were observed by scanning electron microscope (SEM), and their chemical
composition was analyzed by energy dispersive spectrometer (EDS). The results show that the liquidus temperature of rapidly solidified
Ag-Cu-Ge solder decreases by 4.8 <C and its melting temperature range reduces by 4.4 <C. The microstructure of commonly solidified
solder is massive and heavy segregation, while rapidly solidified solder has finer microstructures and higher composition homogeneity.
Rapidly solidified Ag-Cu-Ge solder with Cu and Ni substrate has a better wettability and spreadability, thicker transition layer and higher
shear strength of brazed joints, compared with commonly solidified solder. Congruent compounds which grow up as a layer are found on
the interface of solder alloy with copper substrate, while incongruent compounds which grow up as bamboo shoot form are found on the
interfaces of solder alloy and nickel substrate. This embedded structure is helpful to improve the strength of brazed joints.

Key words: rapid solidification; Ag-Cu-Ge solder ribbon; microstructure; interface characteristics
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