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In this dissertation, new approaches of Pb—free solders with some additional elements were proposed
and analyzed for improving characteristics of the solder joints in electronic packaging of automotive
electronics under harsh environments.

In chapter 1, desecribed the research back ground of my dissertation.

In chapter 2, the fabrication process and basic properties of the Sn-Cu solders containing Cr and
Al(Si) to improve the property of the Sn—Cu solder for applying to automotive electronics were reported.
When Cr and Al(Si) were doped in the Sn—Cu solder, the melting temperature was approximately 3 ° C higher
than the Sn—Cu solder. Furthermore, the addition of Cr and Al(Si) could effectively disperse the S-Sn +
Cu-Sn IMC networks in the solder matrix.

In chapter 3, the IMC growth behaviors and mechanical properties of the interfaces between Al (Si)-
added Sn—Cu (SC-Al1(Si)) solder and Cu substrate were studied, and the results were compared to the
conventional SC07 solder. When Al(Si) was doped to the Sn—Cu solder, The IMC growth rate of the SC-
A1(Si)/Cu joint was slower than that of the SCO07/Cu joint under multi-reflow processes.

In chapter 4, the IMC formation and growth behavior of the Cr—added Sn—Cu (SC-Cr) solder/Cu joint
were studied, and the results were compared to the Sn—3.0Ag—0.5Cu (SAC305) and Sn—0.7Cu (SC07) solder
joints. The addition of Cr reduced undercooling or free energy for nucleation and critical nucleus size
whieh resulted in the formation of very fine CugSns IMCs. Moreover, the IMC growth in the SC-Cr/Cu joint
was more effectively inhibited than the SAC305/Cu and SC07/Cu joints. In particular, during various heat—
treatments such as thermal aging, thermal shock and multiple reflows, the growth of CusSn IMC was greatly
suppressed, which result in remarkably reducing the formation of the Kirkendall void between CusSn and Cu
substrate due to suppress the interdiffusion by dispersed CrSn; near CusSns.

In chapter 5, the IMC growth behavior in the SC-Cr/Cu joint was evaluated using calculating the
activation energy during isothermal aging at various tlemperatures, and the results were compared to the
SAC305/Cu and SC07/Cu joints. The activation energies were 73.52, 57.31, and 77.96 kJ/mol for the
SAC305/Cu, SCO07/Cu, and SC-Cr/Cu joints, respectively. These results mean the IMC growth effectively can
he suppressed by adding Cr. Meanwhile, the accelerated factors (AFs) were determined as 1.823, 1.327, and
1. 987 for the SAC305, SC07 and SC-Cr solders, respectively after the thermal shock test with the range of
-40 ° C to 150 ° C which are harsher than the field conditions. Using AFs, the predicted field life cycles
of the SAC305, SCO07 and SC-Cr solders were approximately 7,090, 7,287, and 12, 366 cycles, respectively

In chapter 6, the shear strength of the SC-Cr/Cu joint was evaluated after thermal treatment. The
degradation rate of shear strength was lowest in SC-Cr/Cu joint compared to SAC305/Cu and SCO7/Cu joints
From the results of fracture surface analysis, more ductile areas by inhibiting IMC growth and Kirkendall
void were observed in the SC-Cr/Cu joint.

In chapter 7, an overall summary and conclusion of this dissertation are given.

In this dissertation, these results finally show that the properties of solder joint and interfaces
can be improved when the minor elements such as Cr and Al (Si) were added to Sn—Cu solder alloy. Especially,
the addition of 0.2 wt.% Cr can suppress the IMC growth and Kirkendall void formation, which result in
improving the mechanical properties of the solder joint. Therefore, it W&ll be expected that the Sn-Cu-
0.2Cr (0.2 wt.% Cr) solder alloy will successfully applied to fabrications of electronic modules under

harsh environments as a high-reliability solder material.
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ARLTIE, FEABENBEZEBEOETEY 2 —MIBIT A RATESMORKEm L2 BRE LT, o7V —
IATEICTEREMBRMT S Z & T, HILWAEHEOREEZTo 1,

®1ETIHERE LTRT Y —BAERVGEDO T a0 RT3 2 E COMRBIM R ORI H %R~

2 ETIX, BREATETHECET AEAEEE L, Sn-Cu iXA7” (SCOT) DR R ES 5728 Cr KT AL(Si)
EWM LTz Sn—Cu RIFAERER L, ZORETRRUERFEL R L, SnCuiIAIZCr & AIGD) ZHMNTDZ
& T, TARBASAIREEIL SnCu XA XV 3 CER L, E/, Cr L AIGDOTMZE Y, EAE< Y v 7 ZRNIC
B-Sn + Cu-Sn IMC 2RI HBSED LN TE T, ' '

E3ETIE, AL(SL) ZHMUTIZA T (SC-AL(S1)) & Cu EROREICHBIT 2 BRELEY (IMC) DEEEHB LIV
BRAOME TR TORREMRD SCOT ITATE & B Lz, SCOTIZ A1(Si) Z¥ANT 5 = & T SC-AL (Si) /Cu A H
D IMC REEEIZTNTO Y 7 o —IEAKEIZRB T SCO7/Cu HEEAERD IMC REEE XV BL rot,

%5 4 ETIL.Sn—Cu (SC—Cr) X ATE/Cu R BER D INC DFERLR U R 28 2 8152 L . & D R % Sn—3. 0Ag—0. 5Cu (SAC305)
B Sn-0. 7TCu(SCOMN 1T AT L B LT, Cr 2T 5 Z & T, BRERRUVBEABOKRE S+ 3 848HE - 1EEH
TRNE—RODOEEIZ LY . FEEITHMR CusSns IMC BSTERRS N D Z L B hroidz, ’

%5 ETIE, SBRIEETOBBKERRIC LS SC-Cr/Cu HAED IMC REXBIZ, BElzRXLX—%3HE8T5
Z & CEHi L, & OFER % SAC305/Cu %2 SC07/Cu AR & Lk L T, & (L= )L % —i SAC305/Cu, SCO7/Cu, SC-Cr/Cu
BEAWTENEN 73.52, 57.31 BEUT7.96 k]/mol LW HRRMFONI, THODKRIY. Cr ZHMTIZ &
TIMC O RRERPDRMBICIFI SNz EEZBND, .

%6 E T, HIRKERBREIC SC-Cr/Cu HAMOEANRERREIT o7, ¥ ABIREE DK TEEX SAC305/Cu &
SCO7/Cu BESERIZ LT SC-Cr/Cu AR LIEWRER L R otz, TABTRERE OREEMTE ST L Y. SC-Cr /Cu
BT INC DR & Kirkendall R4 RS SN, & 0 EBEACTHESIBRESNE,

WIEIIFEETHY, ULOHRTHLNBRICOVTRIEL,

23T Sn-Cu IZAE A4 Cr BRUNAL(ST) 2 EINT 5 2 & T LAD Sn—Cu lFAEAMORMELRESRE Z &
PRTEBZLEZRLELDOTHY, BEE - TRAUF—T%, FICS%D Co2 HIBE L LTHFSN TV A ESAH®
REDBFEY 2—MIATTEAEERENRE Y 0 AREEMEEREILICHFE T EZABKEN,
ko TABCIIE LRI E LTHEEHS LD LRD D,




