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Development of High-Reliability Lead-Free Solder by Design of Strengthened Alloys for Automotive Devices
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Abstract

Reductions of wire harnesses resulting in reduced vehicle weight can be achieved by moving electronic devices that are used by
the operating system to control engine accessories from the car interior to the engine room. However, it has been difficult for
universally-adopted lead-free SnAgCu solder alloy to assure the reliability of junctions under high-temperature environments such as
the engine room. We noticed improved strength from strengthening of solid solution by displacement reaction in which Sn crystal
was displaced by In, and designed a solder alloy system. As a result, we developed a new solder alloy that can satisfy in-vehicle
reliability in heat-cycle testing of -40 C/150 C (1000 cycles).
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(a) Schematic diagram of dispersion strengthened SAC
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Fig. 1 Schematic diagram of SAC structure
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Fig. 2 Schematic diagram of solute effect
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Fig. 3 Schematic diagram of crystal structure
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Fig. 4 TEG image of circuit board
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Fig. 5 SEM images of cross section of solder joint after heat-cycle test
1000 cycles (—40 C /150 C )
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Table 1 Solder crack check by cross section analysis after heat-cycle test
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Fig. 6 Comparison of phase transformation temperature of solder joints

BY—27 0% B9 ) iR L7z,

CORRLY, mOFMEABMT HI12o0T, HE
TEIREAMKIRAL S 5 728, SABSITIZ127 C THIZREIC
X BB Y, IZAZEEIWTILT 5720,
75y I DREICESTLEZLND.

— 75, 150 CLLETVY — 27 23 H 1 HF %SAB6,
SABHDIGHEIIRNE LBV L o7z, T1UIP-Sn
2 Hy-SaNDOHLEER DA LIz EZ O 5.

A B 58 L 72SAB6LIZ, InDRMIC & 5 [EiE R &,
Y-SnNOAEREN X ) CEOILHBE) % Pl 3 2 3R %
R TELRALZEETHILEEZONS.

5.2 SABGIDAEM

WIS, BOEHEMEYE S NZSABOIZDOWT, Floik
DRBICE D, 40T, il 23C), 150 CTOHE
IR L, SABOIDFEEFMED A h = AL weEEE LT,

82512, SACLSABOIDIHRIEEE, 0.2 %I )idB L
WO DT =5 2R/ T LI, EOWMELEMFICBWT
HSABOIDF| -k ) 5B, 0.2 %l J1I1ESACE [L#gk L T
BATEY, BHEETHEEE LIS WEETHL L
Whhsb, L, ImOREBLICEY, #ETIcE
PELLZ LT, HEFOBVOBIHIICLELRT AL
F—pWmL, BUEESHH SN L7290, GlREES
X022 %I NHAREL o/ FEz N5,

—77, 40 CTHB IURHROKIREIZB VT, SAB6IX
SACE B L T O DN E { oo Tz, S|
IR EE B X 00.2 %Il ) oA L RIS, Ind FERAL
b0t EZONS.

LA L, 150 CORERSEMTIE, SAB6IIZ0.2 %Il I B
L OBIRMBEANSACL D BV 220 b 53, Bl
CHERTW, TOZ L3O FEEBILIC X 5288 &
Bl b.

SAB6ID 150 T T 5[kt DY >~ 7 Vi, E7EIC
R LT, BEWIEROAL ) H294.3 %k K& L, BEWIET
BEOMUDIEFIZRENZ EWbA L. ZORRE, =

12

2R SAC, SABOIOA &ML
Table 2 Alloy physicality of SAC and SAB6I
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