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Effect of La on intermetallic compounds of
Sn-Ag-Cu lead-free alloy soldered with copper

ZHOU Ying-chun, PAN Qing-lin, LI Wen-bin, LIANG Wen-jie, HE Yun-bin, LI Yun-chun, LU Cong-ge

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The effects of minor La on the formation and growth behaviors of intermetallic compounds at Sn-3.0Ag-0.5Cu
lead-free solder alloy/copper substrate interface and inside the solders during soldering and aging were investigated. The
results show that CugSns layer formed at the interface exhibits a continuous scallop-shaped structure after soldering, the
thickness of CugSns layer decreases with increasing La content. A thin Cu;Sn intermetallic compounds layer forms at the
interface between CugSns layer and Cu substrate after aging at 150 for 100 h. AgzSn particles are embedded to the
CueSns layer. The total intermetallic compounds thickness increases with prolonging aging time, and decreases with
increasing La content under the same aging condition. The time exponent (n) in growth kinetic of intermetallic
compounds layer during aging increases with increasing La content. Ag elements exist in Sn-Ag eutectic structures after
soldering, and Ag;Sn particles are precipitated along the eutectic bonds after aging.
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Fig.2 Cross-sectional microstructures of solder/copper interfaces after soldering: (a) Sn-3.0Ag-0.5Cu; (b) Sn-3.0Ag-0.5Cu-0.05La;
(c) Sn-3.0Ag-0.5Cu-0.1La; (d) Sn-3.0Ag-0.5Cu-0.4La
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Fig.3 Top view microstructures of solder/copper interfaces after soldering: (a) Sn-3.0Ag-0.5Cu; (b) Sn-3.0Ag-0.5Cu-0.05La; (c)
Sn-3.0Ag-0.5Cu-0.1La; (d) Sn-3.0Ag-0.5Cu-0.4La
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Fig.4 Microstructures of solders/copper interface after aging at 150 : (a) Sn-3.0Ag-0.5Cu, 0 h; (b) Sn-3.0Ag-0.5Cu, 200 h;
(c) Sn-3.0Ag-0.5Cu, 1 000 h; (d) Sn-3.0Ag-0.5Cu-0.4La, 0 h; (¢) Sn-3.0Ag-0.5Cu-0.4La, 200 h; (f) Sn-3.0Ag-0.5Cu-0.4La, 1 000 h
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Fig.5 EDX analysis of Sn-3.0Ag-0.5Cu-0.05La/copper interface after aging at 150  for 200 h: (a) SEM micrograph; (b) EDX
pattern of CugSn;s layer; (c) EDX pattern of Cu;Sn layer
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Fig.6 Total IMC thickness at solder/copper interfaces as

function of aging time at 150

=12.0F
=12.2F
= -124f
b
= -126f
=— Sp-3.0Ag-0.5Cu
-12.8F ¢ — Sn-3.0Ag-0.5Cu-0.05La
4 — Sn-3.0Ag-0.5Cu-0.1La
v — Sn-3.0Ag-0.5Cu-0.4La
_|3‘0 1 1 1 1
125 13.0 135 140 145 150 155
Ins
7 150 IMC  In(X—Xp) Int

Fig.7 Relationship between In(X/—X;) and Insz for IMC at

solder/copper interfaces aging at 150
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Table 1  Growth kinetics parameters of IMC during aging
Alloy Xo/pm n A/(nm-s"™)
Sn-3.0Ag-0.5Cu 2.29 0.30 60.0
Sn-3.0Ag-0.5Cu-0.05La 2.18 0.31 57.2
Sn-3.0Ag-0.5Cu-0.1La 1.80 0.33 41.6
Sn-3.0Ag-0.5Cu-0.4La 1.26 0.35 34.1
SCHAEFER "] n 0.33 IMC

Fig.8 Microstructures inside solders: (a) Ternary eutectic
structure of Sn-3.0Ag-0.5Cu alloy, cast; (b) Eutectic structure
of Sn-3.0Ag-0.5Cu alloy after soldering; (c) OM microstructure
of Sn-3.0Ag-0.5Cu-0.4La alloy after aging for 1 000 h
Sn-3.0Ag-0.5Cu AgiSn+
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