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Fig.1 Schematic diagram of soldering process

WIBE (SEMD MEETRHG S AT PR L oW 4121,
T e A 70 38 A EAT 43 At o A IR T R
4 Photoshop F1 P& 4% Ml & ¥ 4 Image Pro Plus W & F [f
b4 JE AL SR B AR, B E PR S
A B A0k SEM R BT I &, A F kA
ST 4 B AL S ) ) R

A

h=— 1
L

A, 4 At WA S P R AR L B i <)
LAY B AL b ol Fr AL < 1) A & (5 5

2 FHR5WR

2.1 FREMERET

Kl 2 & Sn0.6Cu-1.0SnO, 4T K1) WAL . Lo
ETROTHOW 20 23 22ty B-Sn AHFI AR 3L S AR K 1, 3
A AT T B-Sn A S Ak . Sn0.6Cu £TELT) B-Sn
ALK R AL, WmE 2a fix. (6 SnO, ¥ |
Sn0.6Cu 1K 5 &I B-Sn AHI R ST B B oah, Wi
2b. 2¢ fizn. ME 2b 0l UG H LRI FE 5 45 (04T
RHMOW S5 K 32 2 th AR p-Sn kil p. thIE 2¢ 1]
DUF HY, 7 B ] a1 v it on e 75 4R 3, ok R AR T B
BN, B-Sn RLAR T AN /N 1SR

Kl 3a. 3b 73l & Kl 2¢ MITSCR IR . B 3a T
LG M E B, £ Sn0.6Cu-1.0Sn0O, T} % 1 g
HJR OO T E 3b AT AW BRI
i, WL R R, AAAEDA SnO,. HT
SnO, UK FURLAEAF R A S 2 5 RN AR AR 53 iR )R
N, DR U e $E I 22 (0 AR S A e AZ A A5, AT 4 4k
OGS R, G0 K UKL AE diy SR ] 52, BHAS T b )
Ko WMRKZEHHRA LR TG T 2
Sn0.6Cu £FEHINA SnO, YRKBRLAH AL T B-Sn ki ]
SRR



F121

AT 7C5: SnOy GIKBURIAT Sn0.6Cu EPRIHOWLZH SR FHTH <4 [ 465 1) 14 52 1)

* 4299 -

B2 T TR A B R
Fig.2 Optical microstructures of the lead-free solders: (a) Sn0.6Cu, (b) Sn0.6Cu-1.0Sn0O», mechanical stirring, and (c) Sn0.6Cu-1.0SnO-,

ultrasonic vibration
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Fig.3 SEM morphology of the Sn0.6Cu-1.0SnO, solder (a) and

microstructure of filler metal grain (b)
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Fig.4 DSC curves of solder alloys: (a) Sn0.6Cu and
(b) Sn0.6Cu-1.0Sn0O,
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Table 1 Parameters of DSC melting curves for solder alloys
Sample Solidus temperature,  Liquidus temperature,  Melting point, ~ Melting range,

Ts/C T1/C Tw/C AT/C

Sn0.6Cu, mechanical stirring 223.5 241.3 232.5 17.8

Sn0.6Cu, ultrasonic vibration 224.3 236.6 228.1 12.3
Sn0.6Cu-1.0Sn0O,, mechanical stirring 224.6 239.1 233.1 14.5
Sn0.6Cu-1.0Sn0O,, ultrasonic vibration 224.4 235.4 230.8 11.0

10 pm

BI5 5280 "CORR 5 min #5425 J i SR T ) IMC JZ T 31

Fig.5 Cross-section SEM images of interfacial IMC layer of
Sn0.6Cu/Cu (a) and Sn0.6Cu-1.0SnO,/Cu (b) samples held
at 280 C for 5 min
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Fig.6 Longitudinal section 3D morphologies of the CusSns IMCs after soldering at 280 C: (a) Cu/Sn0.6Cu/Cu and

(b) Cu/Sn0.6Cu-1.0Sn0,/Cu; (c) distribution of SnO, nanoparticles on the surface of the CusSns phase
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Effects of SnO, Nanoparticles on Microstructure and
Intermetallic Compounds of Sn0.6Cu Solder

Yu Weiyuan, Sun Jungang, Liu Yun, Wu Baolei, Lei Zhen
(State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metals,

Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: A lead-free composite solder was synthesized by adding SnO» nanoparticles into Sn0.6Cu solder by a ultrasonic-assisted method.
The effects of the SnO, nanoparticles on the microstructure, melting property, and the interfacial reaction products of
Cu/Sn0.6Cu-xSnO,/Cu brazing joints were investigated. The thickness and grain size of intermetallic compound (IMC) layer were
measured. The results show that 1.0% (mass fraction) SnO, inhibits the growth of #-Sn in the brazing filler metal and refines the grain size.
The melting point of the SnO-containing solder is substantially the same as that of the SnO,-free solder, but the melting range is
significantly reduced. In addition, the application of ultrasound during the solders melting process can refine the grains, and the melting
point and liquidus temperature of the obtained solder are also lower than those of the conventionally melted solder. The IMC layer at the
interface of the solder joint with SnO; solder is thinner and the grain size is smaller. The main reason is that SnO, nanoparticles are
adsorbed to the crystal plane of the interfacial intermetallic compound, which hinders the interdiffusion between the copper plate and the
solder matrix; thus it results in a lower driving force for the formation of IMC, and inhibits the growth of interface compound.

Key words: ultrasound; SnO, nanoparticles; microstructure; intermetallic compounds

Corresponding author: Yu Weiyuan, Ph. D., Professor, State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metals,

Lanzhou University of Technology, Lanzhou 730050, P. R. China, E-mail: weiyuanyu2018@163.com



